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CHAPTER 1. INTRODUCTION 

1.1 BACKGROUND 

The techniques used by the National Weather Service (NWS) for making river 
and flood forecasts have been changing in recent years (Sittner, 1973). 
Conceptual watershed models are replacing previously used empirical proce
dures. In 1972 the Hydrologic Research Laboratory of the Office of Hydrology, 
NWS, prepared a technical memorandum entitled "National Weather Service River 
Forecast System, Forecast Procedures" (referred to as HYDR0-14 throughout 
this report) as a guide for the implementation of conceptual river forecasting 
models by field offices. HYDR0-14 describes the techniques and computer 
programs needed for developing operational river forecasts based on the use 
of a continuous conceptual watershed model from the processing of the basic 
data to the preparation of the forecasts. The procedures described in 
HYDR0-14 did not include techniques to model snow accumulation and snowmelt. 
This Technical Memorandum describes a conceptual model of the snow accumu
lation and ablation process and the associated computer subroutines and 
programs which enable the model to be used in conjunction with the National 
Weather Service River Forecast System (NWSRFS). Guidelines and methods for 
determining model parameter values for a given area are also presented. Even 
though the snow subroutines are written for use with the NWSRFS, the snow 
accumulation and ablation model itself can be used with almost any soil
moisture accounting (rainfall-runoff relationship) and channel routing 
procedure. The output from the snow model would be the input to the soil
moisture accounting procedure. The output from the snow model is snowpack 
outflow (snowmelt water and rainwater leaving the snowpack) plus rain that 
fell on bare ground. 

1.2 DATA REQUIREMENTS 

The snow accumulation and ablation model uses air temperature as the sole 
index to energy exchange across the snow-air interface. Air temperature is 
the only additional data needed to use the snow model in conjunction with 
the NWSRFS soil-moisture accounting and channel routing models. Streamflow, 
precipitation, and some form of potential evapotranspiration (PE) data are 
needed for the NWSRFS (see chapter 2~ HYDR0-14). The basic computational 
interval of the NWSRFS is six hours, thus~ six-hourly mean areal air tempera
ture data are required. · Chapter 2 of this Technical Memorandum describes a 
procedure and associated computer programs for computing six-hourly mean 
areal air temperature from daily maximum-minimum air temperature observations. 
Since the NWSRFS models and the snow model are continuous models, a continuous 
record of six-hourly mean areal air temperature data is required. However, 
the snow subroutines contain a provision that eliminates the requirement for 
valid air temperature data during periods when there is no snow on the ground. 

There are two basic reasons for using air temperature as the sole index to 
energy exchange across the snow-air interface: 

a. Air temperature data are readily available throughout the 
United States on a real time operational basis. 

b. Comparison tests conducted by the Hydrologic Research Laboratory 
have shown that on two experimental watersheds the temperature index 
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method of estimating energy exchange across the snow-air interface 
has produced simulation results which are at least as good as those 
produced using a combination energy balance - aerodynamic method. 
The combination energy balance - aerodynamic method tested is 
ess~ntially the same as the method described by Anderson (1968). 
The two ~atersheds .on which these tests were made are Upper Castle 
Creek, Central Sierra Snow Laboratory, and Watershed W-3, Agricul
tural Research Service (ARS), Sleepers River Research Watershed. 

The combination method wd.ll give more .. accurate estimates of energy 
exchange at a point than the temperature index method if accurate 
measurements of all the necessary meteorological variables are 
available (these variables are air temperature, dew-point, wind 
speed~ incoming and reflected solar. radiation, and atmospheric 
longwave radiation). However, on the two experimental watersheds 
the combination method results were affected by several sources of 
error: 1) errors in point measurements, especially in regard to 
incoming solar radiation, 2) errors in estimating variables which 
were not measured (primarily atmospheric longwave radiation), and 
3) errors in estimating mean areal values of the variables· (primarily 
determining the effect of slope, aspect, and forest cover on . 
incoming solar and atmospher~c longWave radiation, determining the 
areal albedo of the snowpack, and determining the mean areal wind 
speed). The integrated effect of these errors was estimates of energy
exchange across the snow-air interface which were no better than 
estimate~ from the temperature index method on the two e~perimental 
watersheds! 

It is felt that the data available at these two experimental water
sheds is superior to that which is generally available on a real-time 
operational basis in the United States. Thus, it does not appear 
practicable to use a physical energy balance approach like the 
combination method to estimate energy exchange across the snow air 
interface until improved measurements of the meteorological varia
bles affecting snowpack energy exchange are obtained and until 
improved methods of a~counting for the effects of physiographic 
factors on snowpack energy exchange variables are developed. 

The Hydrologic Research Laboratory is currently involved in a project to 
obtain the highest possible quality data for the purpose of developing and 
testing snowpack energy exchange equations at a point. This study is the 
NOAA - ARS Cooperative. Snow Hydrology Project on t4e Sleepers River Research 
Watershed (Johnson and Anderson, 1968). Ultimately these measurements of the 
variables affecting snowpack energy exchange will be used along with data 
from an adjacent watershed to develop improved methods of accounting for the 
effect of physiographic factors, such as slope, aspect, elevation, and 
forest cover on the mean areal values of the meteorological variables. 

Air temperature is a very good index to snowpack energy exchange in a 
dense coniferous forest. The only energy exchange mechanism showing much 
variability is longwave radiation exchange, which is a function of the dif
ference between canopy temperature and snow surface temperature. Canopy 
temperature is closely related to air temperature. The other primary energy 
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exchange mechanisms, shortwave radiation exchange~ sensible heat exchange, 
and latent heat exchange show very little variability because there is only 
a slight amount of solar radiation penetrating the forest canopy and because 
wind movement is limited. On the other hand, in an open area the~e generally 
is a large amount of variability in solar radiation exchange, longwave radia
tion exchange, sensible heat exchange, and latent heat exchange. Because of 
this variability, air temperature is not nearly as good an index to snowpack 
energy exchange in an open area. Therefore, there is a greater potential 
for improvement in estimating snowpack energy exchange by ~sing a physical 
energy balance method, rather than a temperature index method, in areas 
where the values of the variables affecting energy transfer can exhibit 
large variations. It is felt that in the near future when accurate measure
ments of the variables affecting snowpack'energy exchange are available and 
when techniques of accounting for the areal variability of the variables 
are improved that physical energy balance equations will provide a more 
accurate estimate of the energy exchange across the snow-air interface. 

In regard to the data period required for.model parameter calibration, the 
recommendation given in HYDR0-14 is generally applicable to watersheds where 
snow is included. HYDR0-14 indicates th~t it is desirable to sample each 
mathematical relationship in the model over its maximum possible range; 
thus, a long data period is indicated. However, in many cases watershed 
characteristics change with time. For river forecasting we are interested 
in parameters which.express the near future. Since the future cannot ,be 
sampled, a short record representing the immediate past is the second choice. 
Based on these considerations, HYDR0-14 recommends that "A suitable compromise 
seems to be the most recent 10 years of record.". For most watersheds, 10 
years of record is completely adequate for determining model parameter values. 
However, in arid or semi-arid areas and in areas where significant snowpacks 
do not accumulate every year, more than 10 years of data may be required to 
determine adequately all the model parameters. In areas with considerable 
hydrologic activity and where large snowpacks accumulate every winter, less 
than 10 years of data may be sufficient to determine model parameter values·. 

1.3 TEST WATERSHEDS AND RESULTS 

This Technical Memorandum does not present detailed results of tests of the 
snow accumulation and ablation model. However, for the benefit of potential 
users it is felt that a listing of the watersheds tested to date and a brief 
summary of the simulation results on these watersheds might be informative. 
Table 1-l lists the watersheds tested and presents several statistics which 
summarize the comparison between observed and simulated mean daily discharge. 
Data from the Central Sierra Snow Laboratory were used for testing various 
mathematical formulations during the development stage of the snow model. 
The estimation of energy exchange when air temperature is below 32°F was 
modified based on tests using data from Sleepers River Watershed W-3. The 
other watersheds were used to test the applicability of the model to differ
ent size areas and to different physiographic and climatic conditions. 
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1.4 COMPUTER PROGRAMS AND COMPUTER REQUIREMENTS 

There are three basic computer programs in the NWSRFS which include the 
snow accumulation and ablation model. These are: 1) the verification 
program (NWSRFS4) which is used to check the simulation accuracy of various 
sets of parameter values, 2) the optimization program (NWSRFS3) which is 
used to determine parameter values by an automatic optimization technique, 
and 3) the operational river forecasting program (NWSRFS5) which is used to 
prepare river discharge forecasts on an operational basis. The NWSRFS also 
contains a number of data processing programs (see chapter 3 of ·HYDR0-14). 
Chapter 2 of this Technical Memorandum describes three additional data. 
processing programs for use in computing mean areal air temperature. These 
are: 1) the basic mean areal air temperature program (MAT Program), 2) 
the MAT consistency check program (Program MATC0N) which checks the consis
tency of each station used in the mean areal temperature analysis, and 3) 
the MAT temperature check program (Program TEMPCK) which compares the 
estimated and observed maximum and minimum temperatures at a given air 
temperature observation station. Table 1-2 lists the program dimensions, 
storage requirements, and typical run times for the six programs involving 
the snow accumulation and ablation model and the computation of mean areal 
air temperature. The programs are written in F0RTRru~ IV for use on a 
CDC 6600 computer system. Minor revisions may be necessary for use on 
other computer systems. 

The computer programs and test data sets described in HYDR0-14 are available 
on magnetic tape from: 

Acquisition Office 
National Technical Information Service 
U. S. Department of Commerce 
Springfield, Virginia 22151 

Accession number: COM 73-10298 
Cost: $97.50 

These programs contain all the necessary statements for use with the snow 
subroutines (One exception; a few changes were made to Program NWSRFS5 after 
preparation of the magnetic tape. The changes are only needed when the snow 
model is included. Appendix H lists these changes to Program NWSRFS5). 
Information on how to obtain the snow subroutines for programs NWSRFS3, 
NWSRFS4, and NWSRFS5, plus the programs for the computation of mean· areal air 
temperature can be obtained from: 

Hydrologic Research Laboratory, W23 
Office of Hydrology 
National Weather Service, NOAA 
Silver Spring, Maryland 20910 
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Data 
Watershed Period 

Upper Castle 10/46-
Creek, 9/51 
Central Sierra 
Snow Laboratory 

Skyland Creek, 10/46-
Upper Columbia 9/50 

1--' Snow Laboratory 
(UCSL) 

0\ 
Bear Creek, 10/46-
ucsL2 9/50 

W-3, ARS 10/62-
Sleepers River 9/67 
Watershed 

W-8, ARS 10/62-
Sleepers ~iver 9/67 
Watershed 

W-1, ARS 10/62-
Sleepers River 9/67 
Watershed2 

.. 

Table 1-1.--Summary of simulation results on the watersheds 
tested with the snow accumulation and ablation model in 

-conjunction with the NWSRFS as of June 1973. 

Me·an 
Annual 

Number of Stations Runoff RMS 
Area Elev. fElev. Air Elev. Inches Error Correl 
mi2 Range] trJrecip Range Temp. Range and CFSD CFSD Coef. 

3.96 6880- 1 6890 1 6890 46.1" 8.3 .971 
9105 13.5 CFSD 
7050-
8250 

8.1 4800-r 1 4840 1 4840 31.5" 6.7 .981 
7610 18.8 CFSD 
5200-
6800 

' 

12.6 4480- 1 4840 1 4840 29.5" 13.8 .983 
8605 45 CFSD 
4900-
6350 

3 .. 23 1140- 3 1350- 1 1140 21.7" 2.1 .955 
2260 2200 5.2 CFSD 

Unknown 

2.81 920- 2 1150-
1680 1350 1 1140 17.2" 2.2 .970 

Unknown 7.7 CFSD 

10.54 740- 4 1150- 1 1140 17.1" 8.7 .964 
2430 2200 20.9 CFSD 

Unknown 

Best Fit Line 
Obs. =a+b • Sim. 

% a b 
Bias· CFSD 

-2.0 -0.4 1.05 

1.5 -0.3 1.0 

0.2 -0.3 1.01 

1.6 0.2 0.95 

2.3 0.2 0.95 

3.5 -1.7 1.04 
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Table 1.1 (continued) 

Passumpsic R. 10/63- 436. 530- I 4 699- 3 699- 20.3" 294. .939 -1.5 49. 
at Passumpsic, 9/71 3400 1140 1140 653 CFSD 
Vermont 780-2240 

Rock River at 10/59- 788. 1330- 6 1350- 6 1350- 3.111 444. .906 5.9 28. 
Rock Rapids, 9/69 1950 1700 1700 179 CFSD 
Iowa Unknown 

1 First range is for the total area. Second range is for 90 percent of the area, excluding the upper 
and lower 5 percent. All elevation ranges are in feet above m.s.l. 

0.94 

0.80 

2 Streamgage is downstream from another calibrated watershed. Local area was calibrated using observed 
upstream inflows. Area, elevation range, and station information are for local area only. Mean 
daily discharge comparisons are based on the total flow at the streamgage. 
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Program 

Verification 
Program 
(NWSRFS4) 

Optimization 
Program 
(NWSRFS3) 

Operational 
River 
Forecasting 
Program 
(NWSRFS5) 

Mean Areal 
Air Temperature 
Program 
(MAT Program) 

Table 1-2.--Program dimensions, storage requirements1 , and typical 
run timesl for NWSRFS programs using the snow model and 

programs for computing mean areal air temperature. 

Storage 
Requirements 

Dimensions I Decimal Words 
Typical Run 
Times 

5 snowpack and soil-moisture I 39K 2 sec./year for each 
accounting areas. 

5 streamflow points. 
3 upstream inflow points. 
2 PE stations 

2 snowpack and soil-moisture 
accounting areas. 

1 streamflow point. 
4 upstream inflow points. 
2 PE stations 

50 months of data 

10 snowpack and soil
moisture accounting 
areas. 

10 streamflow points. 
5 upstream inflow points. 
3 PE stations. 

14 days of data. 

40 maximum-minimum air 
temperature stations 

10 areas to compute mean 
areal temperature 

4800 months of data storage 

32K for program, plus 
75K for data storage 

29K 
To enlarge river system 
requires approx. 350 
words/snowpack and soil
moisture accounting area, 
plus 600 words/streamflow 
point 

snowpack and soil-moisture 
accounting area, plus 3 sec./ 
year for each streamflow 
point 

5.5 sec./50 months for each 
snowpack and soil-moisture 
accounting area, plus 1 sec./ 
50 months for the streamflow 
point 

1 sec./14 days for each 
streamflow point 

37K for program, plus 744 17 se9./year for an analysis 
words of random access data involving 10 stations 
storage per station year 



Table 1-2. (continued) 

MAT Consistency 40 maximum-minimum air 33K for program, plus 1 sec./year for an analysis 

Check Program temperature stations 24 words of data involving 10 stations 

(Program MATCON) 5 groups for double mass storage per station 
analysis year (data are generated 

25 years of record by MAT Program) 

Program TEMPCK 40K for program, plup 0.5 sec./year 
1488 words of data 
storage per yea:r 
(data are generated by 
MAT Program) · 

~ 1 Storage re~uirements and run times are based on a CDC 6600 computer system. 
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CHAPTER 2. DATA PROCESSING 

2.1 INTRODUCTION 

In order to calibrate a conceptual model for use in forecasting streamflow 
in a river system, large amounts of continuous hydrologic data are required. 
The conversion of the raw data into the form required for model calibration 
must be accomplished in an efficient manner. 

HYDR0-14 (Appendix B) describes the format of data tapes containing raw 
hydrologic data which can be obtained from the National Climatic Center 
(NCC) at Asheville, North Carolina. Tapes containing two types of data are 
available: 1) hourly precipitation data, and 2) daily observations 
(precipitation, maximum-minimum air temperature, snowfall, snow on ground, 
water-equivalent of snow on ground, wind movement, and evaporation). 
HYDR0-14 (Chapter 3) also describes a method of estimating point values, 
for periods of missing data or locations having no data, and for computing 
areal means of precipitation. The computer program which utilizes this 
method and the NCC data tapes to compute mean areal precipitation is also 
described. 

This chapter discusses the methods and the computer programs needed to 
compute mean areal air temperature for use in the calibration of the snow 
accumulation and ablation model. In addition, two supplementary data 
programs for the tabulation of monthly and annual means of precipitation, 
air temperature, wind movement, and evaporation are described. A summary 
of the necessary steps to process the raw data into the form required by 
the NWSRFS model calibration programs concludes the chapter. 

2.2 ESTIMATION OF POINT VALUES OF AIR TEMPERATURE 

2.2.1 INTRODUCTION 

Since maximum-minimum air temperature data are measured as point values, 
the use of the data to compute mean areal values involves, implicitly or 
explicitly, inferences concerning the air temperature at all other points 
within the area. This section outlines a method of estimating the maximum 
and minimum daily air temperature at any point as a function of that at 
surrounding points. The method is objective in non-mountainous areas and 
quasi-objective in mountainous areas. The method can easily be programmed 
for use in computing mean areal air temperature for a long period of record. 
The program will use a minimum of computer time. 

2.2.2 THEORY OF ESTIMATION 

Referring to Figure 2-1, let point X be the point at which the maximum or 
minimum air temperature is to be estimated. Points A through G are points at 
which the maximum or minimum temperature is known. 
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B 

• 
A 

• 

4 3 

X 

G •• 

---------------------------41-------------------------

D 

• 

c 
• 

1 2 

E 

• 
F • 

Figure 2-1.--Station location and quadrants ~or the estimation of air 
temperature at station K. 

Perpendic~lar lines through point X divide the surrounding area into four 
quadrants. It should be noted that perpendicular axes of any orientation 
can be used. 

The estimate of temperature at X is now computed as a weighted average of 
"adjusted" sta~ion temperatures,~using the station within each quadrant with 
the largest station weight. Thus, the estimate of the temperature at any 
point X can be expressed as: 

where: 

i=n 
l: [AT. • W.] 

T = 
X 

i=l 1 
]. 

i=n , (2.1) 

l: 
i=l 

W. 
]. 

T = maximum or minimum temperature at the station being estimated, 
.x h 
J. = t e station used as an estimator, 
n 

AT. 
w:-

J. 

= number of estimators (the station with the largest station 
weight in each quadrant is used as an estimator), 

= "adjusted" maximum or minimum temperature at station i, and 
= weght function for station i. 
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The procedure used to calculate "adjusted" station temperatures and the 
weight functionsdepends on whether the area is mountainous or non-mountainous. 

2.2.2.1 Non-mountainous Areas 

As far as temperature estimation is concerned, a non-mountainous area is 
an area where topography does not appear to affect temperature variations 
and the gradients observed are approximately a linear function of distance. 
The weight function in this case is equal to the reciprocal of the distance 
from the station to point X. The "adjusted" temperature for each station 
used to estimate point X is then the same as the measured temperature at 
that station. Thus, the estimation equation for non-mountainous areas is: 

where: 

T = 
X 

T. 
d:-
l,x 

i=n 
L: 

i=l 
[T .• ~] 

l d. 
l,X 

i=n 
L: 1.0 

. 1 d. l= l,x 

=maximum or mlnlmum temperature at estimator station i, and 
= the distance from the station being estimated to the 

estim.ator station i, in terms of map coordinates. 

2.2.2.2 Mountainous Areas 

In reality, the differences in temperature between a number of stations 
in a mountainous region can vary from day to day depending on the meteoro
logical situation. Operationally, the temperature differences between 
stations could be expressed as a function of a number of topographic and 
meteorological variables. However, in calibrating a conceptual hydrologic 
model, due to retrieval and processing problems, it is generally not 
feasible to use any additional meteorological data other than air tempera
ture measurements. Experience has shown that the differences between 
station means are a good indication of the typical variations in temperature 
that exist over a mountainous area. In some cases, these differences are 
small (e.g., stations at approximately the same elevation may have slightly 
different means because of the exposure of the thermometers) and for prac
tical purposes can be ignored. However, in other cases, especially in areas 
with significant topographic variation, these differences between stations 
are important and must be accounted for. Thus, as far as temperature 
estimation is concerned, a mountainous area is an area over which considerable 
variations in temperature usually exist. 

Because of seasonal variations, a procedure for estimating point values in 
mountainous regions should use the mean monthly maximum and minimum temper
ature for each station as indices. Therefore, the "adjusted" station 
temperature can be expressed as: 

AT. = T. + (N -N. ), l l X l (2.3) 

where: N 
X 

= mean maximum or minimum temperature at the station being 
estimated, and 
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N. =mean maximum or minimum temperature at the estimator 
l station i. 

By substituting Eq. 2.3 for AT. and rearranging the terms, Eq. 2.1 can be 
l 

expressed as: 
i=n 

L: [(T.-N.) . w.] 
i=l 

l l l 
T N = (2. 4) 

X X i=n 
L: w. 

i=l 
l 

Thus, it can be seen readily that for a mountainous area the deviation of 
temperature at point X from the mean at the same point can be estimated 
from the deviation of temperatures at surrounding stations from their 
respective means. 

In regard to station weights, the most important factors in mountainous 
areas are probably distance and elevation. If two stations are equi-distant 
from station X, studies have shown that the one closest in terms of elevation 
is usually the best estimator. This suggests that the weight function used 
in the estimation scheme should include elevation difference as a parameter. 
A functional form for Wi which has produced improved estimates of tempera
ture is: 

where: 

w. = ~--~~1~·~0~-------
l G1 · d. + F · ~E. l,X e l,X 

(2.5) 

d. l,X 

G 
~:h. l,X 

F e 

= the distance between stations X and i expressed in map 
coordinates, 

= 
= 

= 

a scale factor to convert map coordinates to miles, 
the absolute difference in elevation, expressed in 1,000 
feet, between stations X and i, and 
an arbitrarily selected elevation weighting factor (if 
F = 10, then two stations, one which is 10 miles further 
ffom station X in distance, but 1,000 feet closer in 
elevation, would have the same station weight). 

When either ~E .. is zero or F s·elected to be zero, Eq. 2.5 is, of course, 
equivalent to l,x the weight f~nction used in Eq. 2.2. 

The final equation for the estimation of maximum or minimum air tempera
ture at a point in a mountainous area can be determined by the substitution 
of Eqs. 2.3 and 2.5 into Eq. 2.1. This substitution yields: 

T 
X 

i=n 
L: {[T.+(N.~N.)] • [ l.O 

l X 1 G • d + F • ~E . 
]} 

i=l 1 . = --------~----------------~~~l~,~x~~e~~l~,x~ 
i=n 

L: 
i=l 

1.0 
G ·d~ +F ·~E. 

1 l,X e l,X 

2 - 4 

(2.6) 



2.2.3 DETERMINATION OF F 
e 

It can be seen readily from Eq. 2.6 that F affects the station weight 
of each station being used to estimate the t~mperature at point X. 
Increasing F will give more weight to stations with the smallest values 
of ~E. andeless weight ·to stations with the largest values of ~E. . 
The l,x estimate of temperature at point X is computed using the l,x 
station within each quadrant with the largest station weight. Thus, as 
F is increased, the stations used to estimate the temperature at point X 
m~y change. Changes will occur if the station weight of more distant 
stations in each quadrant becomes greater than the station weight of sta
tions which are closer to point X. This will occur as F increases if the 
distant stations have a smaller value of ~E. . The dominant effect of F 
in most cases is the effect it has on the s~l~ction of the stations used e 
to estimate temperature at point X. 

Eq. 2.6 is used in mountainous areas for two purposes: (1) to estimate 
periods of missing data at an air temperature observation station, and (2) 
to estimate the maximum-minimum air temperature at a location which has no 
observed data. To estimate periods of missing data, the optimum value of 
F can be determined through a cut-and-try (iterative) technique, utilizing 
tEe available valid data from the station. To estimate air temperature at 
a location which has no observed data, the magnitude of F must be arbi
trarily selected. F values for other stations in the ar~a may provide a 
guideline for the selection. However, it should be noted that the optimum 
value of F for a station is dependent on the location of the stations 
being usedeto make the estimate (e.g., the magnitude ofF could vary 
considerably depending on whether distant stations had lafge values of 
~E. or small values of ~E. relative to stations that are close to 
potn.t x). l ,x 

A computer program is provided for determining the optimum value of F 
at any selected temperature observation station (program is desc~ibed e 
in section 2.4.4). The program compares the estimated and observed maximum 
and minimum air temperatures. By varying the magnitude ofF , the effect 
of F on the results can be determined. The root-mean-squar~ (RMS) error 
(squ~re root of the sum of the squares of the observed minus estimated 
values) is used to compare results. Figs. 2-2 and 2-3 show the effect of 
various values of.F on RMS for two locations; one in Arizona, and the 
other in New Hampshire. These figures suggest that the magnitude of F 
for estimating maximum temperatures should be different from the magnitude 
ofF for estimating minimum temperatures. 

e 

If a plot of RMS versus F is not prepared and thus the magnitude of F 
is selected arbitrarily, e~erience would indicate the following guideli~es: 

1. If the stations that are closest to point X also have the smallest 
values of ~E. , the magnitude of F is not critical. F = 0.0 

l ,x . t e e would be approprla e. 

2. If the stations that are closest to point X have the largest 
values of ~E. , a value of F 1n the range 10.0 to 30.0 would be 

. t l,X e approprla e. 



It should be noted that these guidelines are based on a limited amount of 
testing of the temperature estimation procedure on data from Arizona, 
Vermont, and New Hampshire. 

2.2.4 TYPICAL ESTIMATION RESULTS 

In order to give the user a feel for the accuracy that can be expected 
from Eq. 2.6, a summary of typical results is given in Table 2-1. In all 
cases F was arbitrarily selected as 1.0.0. In addition to the station 
elevati~ns, the observation times should be noted. For stations taking 
their observations in the afternoon (including midnight) the maximum and 
minimum are assumed.to have occurred on the day of observation. For 
stations taking morning observations the minimum is assumed to have occurred 
on the day of observation while the maximum is assumed to have occurred on 
the previous day. In reality these assumptions do not always hold, thus, 
a group of stations with mixed observation times can have mismatched maxi
mums and minimums on some days. In addition to the RMS error, the standard 
deviation of the observed temperatures about the monthly mean is also .given. 
If the RMS error exceeds the standard deviation, no intelligence is imparted 
by the technique, as the monthly mean would make a better daily estimate. 
Table 2-1 shows only the RMS error and standard deviation for the total test 
period. The monthly ratios of the RMS error to the standard deviation were 
similar to those for the total test period. However, in most cases both 
figures are greater during cold periods than during warm periods. 

2.3 COMPUTATION OF MEAN AREAL AIR TEMPERATURE 

2.3.1 INTRODUCTION 

Mean areal air temperature is computed by utilizing stations within or 
close to the area and in some cases other available meteorological informa
tion. The basic procedure consists of: 1) examine the available maximum
minimum air temperature data to determine if the available data adequately 
represents all portions of the area, 2) if the available data does not 
represent all portions of the area, assign "dummy" stations to those portions 
that are not represented, 3) determine the mean monthly maximum and minimum 
temperature for each "dummy" station, 4) determine station area weights for 
all stations, 5) estimate daily maximum and minimum temperature at all stations 
having missing periods of record, and 6) multiply station temperatures by 
station area weights to get mean areal air temperature. This section 
elaborates on the use of this basic procedure in non-mountainous and moun
tainous areas. 

2.3.2 NON-MOUNTAINOUS AREAS 

Since temperature varies linearly with distance in non-mountainous areas, 
"dummy" stations are not needed. Any area weight assigned to a "dummy" 
station could be proportioned to the stations used to estimate the tempera
ture at the "dummy" station. Thus, the use of "dummy" stations would not 
change the estimate of mean areal temperature. 
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Several procedures could be used for computing station area weights in 
non~mountaino~s7 areas. One method is the use of grid point weights 
(section 3.3.4 of HY))R0-14) where the grid points correspond to the X, Y 
coordinate system used to locate the stations. For temperature the recipro
cal of the distance is used rather than the reciprocal of the distance 
squared as with precipitation. Other methods would include Thiessen weights 
or an ar.ithmetric- average, if statious are 'distributed in a reasonably 

' uniform manner. 

Missing data should be estimated using Equation 2.2. It should be. noted 
that to get a good estimate for missing data peridds at stations near the 
border of the area, it is usually necessary to include additional outlyin~ 
stations. 

2.3.3 MOUNTAINOUS AREAS 

In some cases there is an adequate distribution of temperature observat~on 
stations to.represent all portions of a mountainous area. However, for 
most mountainous areas this is not the ca.Pe. Tnis is especially true for 
the high elevation portions of·most mountainous areas. Thus, it is usuaily 
necessary to create "dummy" stations to represent those portions of a 
mountainous area for which actual data does not exist. 

If "dummy" stations are needed, the next step is to determine the mean 
monthly maximum and minimum temperature for each "dummy" station. An 
analysis to determine these values would include an examination of the 
variation in monthly means for stations with actual data that are within the 
area, an examination of monthly means for stations with actual data in the 
•surrounding area, especially high elevation stations, and possibly an exam
ination of other meteorological information, such as radiosonde data. If 
radiosonde dataareused, the difference in the thermal gradient up the side 
of a mountain and the lapse rate ip the atmosphere must be considered. 

The station area weight for each station in a mountainous area is· equal to 
the portion of the area that the station represents. 

Missing daily maximum and minimum temperatures at all stations should be 
estimated using Eq. 2.6. _This will complete the data ~ecord at all actual 
stations, plus create a data record for each "dummy" station (since a 
"dummy" station is just a station with all missing data). 

2.4.1 INTRODUCTION 

2.4 COMPUTER PROGRAMS FOR COMPUTING 
MEAN AREAL TEMPERATURE 

A computer. program has been written which uses the techniques described 
in previous ·sections of this chapter to compute mean areal air temperature. 
The basic computational interval of the NWSRFS is six hours, thus, the final 
product of the program is six ho~ly mean areal temperature. In addition · 
to the basic program to compute mean areal temperature, there are two 
programs to aid in preliminary analysis, a program to check the consistency 
of the basic temperature data, and a program to compare estimated and ob
served data at an individual station. 
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2.4.2 PROGRAMS TO AID IN PRELIMINARY ANALYSIS 

To aid in station selection and to provide helpful data fo~ isohyetal, 
temperature variatio~ and model calibration analyses~ two prelimin~ry data 
processing programs are provided to summarize the data on the NWSRFS-NCC 
tapes~ In each program the stations and the period of record to be 
summarized are preselected. A brief description of the tasks performed by 
each program is as follows: 

a. Daily observation tape program (Program PRELIM2). 
1. Lists snowfall and snow on ground for each month that there 

was snowfall or snow onp ground. · 
2. Computes average daily evaporation and wind movement for each 

month at stations that make pan evaporation measurements. 
3. Computes mean monthly and mean annual precipitation, maximum 

temperature, minimum temperature, evaporation, and wind movement 
for the period being summarized. 

4. Writes the data for th~.selected stations and for the selected 
period onto a new tape. The format of the new tape is exactly 
the same as the original NWSRFS-NCC tape. Thus~ the daily data 
for a reasonably large area (maximum number of stations equal 
75), which may encompass several states, can be placed on a 
single tape. This will save on tape reading and tape handling 
costs during the computation of mean areal temperature and 
precipitation. 

b. Hourly precipitation data tape program (Program PRELIMl). 
1. Computes mean monthly and mean annual precipitation. 
2. Writes the selected data onto a new tape. 

A listing of programs PRELIMl and PRELIM2 are given in Appendix A. 

2. 4. 3 MEAN AREAL TEMPERATURE PROGRAM 

The Mean Areal Temperature (MAT) program provides an efficient means to 
process air temperature data for use in the snow accumulation and ablation 
model. The program is described in sequential order of the major steps 
involved in the computation of MAT. 

2.4.3.1 Input Data 

The program uses maximum-minimum temperature observations to compute areal 
means. The maximum-minimum temperature data are input in NWSRFS-NCC daily 
observation tape ·format (Appendix B.2.3, HYDR0-14). In addition to the raw 
temperature data, station and areal information is also needed. Appendix B.l 
contains the input summary for the MAT program. 

2.4.3.2 Estimat~on of Missing Maximum-Minimum Temperature Data 

The MAT program uses Eq. 2.2 for non-mountainous areas and Eq. 2.6 for 
mountainous areas to estimate missing data at each station. When using 
Eq. 2.6, the program allows for different values ofF for maximum temperature 

e 
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and minimum temperature at each individual station. The program is written 
so that no estimated value will be used in the estimation of another missing 
value. If all the stations are missing on a given day, the temperature at 
each remains as a missing value and a message is printed. The six hourly 
means resulting from periods when all the-maximums or minimums are missing 
will also be missing and must be estimated later by hand. To avoid cases of 
missing data remaining in the program output, a reasonable number of sta
tions should always be included in the analysis. When more than five stations 
are used, cases of missing data in the program output \rill probably never 
occur. 

2.4.3.3 Conversion of Maximum-Minimum Temperature Data to Six-hourly 

In the MAT program, the maximum temperature is assumed to occur in the 
afternoon and the minimum near sunrise. The relationship between each six
hour period and the maximum and minimum temperature varies throughout the 
year because of variations in the number of daylight hours. In snow compu
tations, the most important time of the year is the spring melt period. The 
relationships used in the MAT program were derived from maximum-minimum and 
hourly air temperature data available for the spring snowmelt period from 
the Central Sierra Snow Laboratory near Donner Summit, California and the 
NOAA-ARS Cooperative Snow Research Station near Danville, Vermont. The 
relationships used in the MAT program are: 

a. Midnight to 6 a.m. 
T6 = 0.95· • T . m1n 

n 
+ 0.05 • T 

maxn-1 
b. 6 a.m. to noon 

c. 

d. 

where: 

T_6 = 0 • 4 0 • T . m1n 
n 

Noon to 6 p.m. 

T = 0.925 • T 6 max 
n 

6 p.m. to midnight 

+ 0.60 • T 
max 

n 

+ 0.025 • T . 
m1n 

n 

T6 = 0.33 • T + 0.67 • T . max m1n 
1 n n+ 

+ 0.05 • T . 
m1nn+l 

=Mean six-hourly air temperature, 
=Minimum air temperature, 
=Maximum air temperature, and 
= Current day. 

2.4.3.4 Computation of Areal Means 

(2.7) 

(2.8) 

(2.9) 

(2.10) 

The comput~tion of six-hour areal means is simply a matter of multiplying 
the six-hourly temperatures for each station by the station weight for that 
station. Station area weights for MAT computations can be predetermined, 
based on the portion of the area represented by each station, or grid point 
weights can be computed within the program. It is strongly recommended that 
predetermined station area weights be used in rr~·~)untainous areas. The final 
product, six-hourly mean areal air temperatl;T·::.; ~an be output onto tape in 
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NWSRFS Standard Tape Format (section 3.7.2 in HYDR0-14) or on Office of 
Hydrology Standard Format cards (Appendix A in HYDR0-14) with a field 
length equal to three. 

2.4.3.5 Consistency Checks 

A separate program to be used in conj.unction with the MAT program is pro
vided to check the consistency of the basic maximum-minimum temperature 
data. The data needed for the consistency checks are written onto a disk or 
scratch tape in the MAT program. The consistency check program is then 
executed immediately after the MAT program. The consistency check program 
has no input other than that given it by the MAT program. 

The difference in monthly mean temperature between two stations should be 
nearly constant, though in some cases the difference may exhibit a seasonal 
variation. Thus, a double-mass plot showing the deviation of the cumulative 
mean monthly temperature at an individual station from the average cumulative 
mean temperature at a group of stations should be a good check on the consis
tency of the temperature data at the individual station. For a consistent 
record the double-mass plot should be a straight line, or a straight line with 
waves on it if a seasonal variation between stations exists. Figure 2-4 
shows some typical consistency check plots. Stations A and B are consistent 
over the period while station C is not. The consistency check program 
produces such a plot for both maximum and minimum temperatures at all the 
stations used in the areal analysis. 

In addition to the consistency of the record, the plots also give some 
insight as to how representative certain stations are. For example, if 
there are a number of stations within the same area at a similar elevation, 
their consistency plots should be fairly similar. If thB plot for one 
station shows large negative deviations from the others, it is likely that 
the station is influenced significantly by cold air drainage and, thus, 
may not be a representative station. 

2.4.3.6 Correcting Inconsistent Stations 

The initial run of the MAT program and the consistency check program may 
show that certain stations have inconsistent records while others may not 
be representative of the portion of the area that they are supposed to 
represent. Thus, the program needs to be rerun to correct these deficiencies. 
Unrepresentative stations can be dropped from the analysis, or their station 
weight can be revised, or they can be corrected by the addition or subtrac
tion of a constant temperature so that their data will be representative. 
Inconsistent stations need to be corrected so that their record will be 
consistent. For example, in Fig. 2-4 station C could be made consistent by 
applying a correction of -l°F to all observations from November 1965 through 
April 1968. A provision for making such corrections is included in the input 
to the MAT program. It should be noted that when applying a correction it 
is necessary to adjust the mean station temperature if the data being cor
rected were used to compute the station mean. 
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2.4.3.7 Sample Input and Output 

A set of sample input cards for the computation of mean areal temperature 
for the Passumpsic River at Passumpsic, Vermont for the period October 1963 
through September 1971 is listed in Appendix B •. 2. A map of the Passumpsic 
basin, showing station location, is shown in Figure 2-5. Appendix B.3 
contains examples of the output from the.MAT program and the consistency 
check program. 

2.4.4 TEMPERATURE ESTIMATION COMPARISON PROGRAM 

A program is provided to compare estimated and observed data at an 
individual station for the purpose of checking the accuracy of the estimation 
technique or to determine the magnitude of F • This program (TEMPCK) must 
be run in conjunction with the MAT program. eA "dummy" station is positioned 
at exactly the same coordinate location as the actual station for which the 
comparison is to be.made. The MAT program estimates the daily maximum and 
minimum temperatures for the "dummy" station using Eq. 2.2 or Eq. 2.6, 
depending on the type of area. The MAT programthen writes the daily maximum 
and minimum temperatures for the "dummy" station and its real counterpart onto 
a disk or tape. Program TEMPCK uses these data to compare the estimated and 
observed temperatures. The· comparison is summarized by a plot of estimated 
versus observed maximum and minimum temperatures and by a table of the RMS 
error and the standard deviation of the observed maximum and minimum temper
atures for each month.and for the total period that was compared. 

The input for the MAT program varies slightly from that listed in 
AppendixB.l when the MAT program is being used to prepare input for TEMPCK. 
The changes are as follows: 

Card No. 

1 

4 & 5 

6-8 

Changes 

Punch a zero in column 30. 

Column 40 has no effect. 

Punch the run number in columns 56-60 of the 
actual station for which the comparison of 
observed versus estimated temperatures is to be 
made. Run number is determined by the station 
input order as defined by card 3. 

F Should be the same for the "dummy" station and 
its real counterpart. 

Do not input these cards. 

In addition to the data prepared.by the MAT program, program TEMPCK 
requires one input card. The form of this card is as follows: 

Format 

15 

Contents 

Initial ordinate for estimated v~rsus observed 
maximum temperature plot. Plots are 120°F by 
120°F, thus, if initial ordinate is-9°F, then 
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Format 

I5 

F5.0 

Contents 

observed and estimated values from -9°F to 
+ll0°F will be plotted. 

Initial ordinate for estimated versus observed 
minimum temperature plot. 

EMAX. When the estimated temperature varies by 
more than EMAX degrees from the observed, 
program TEMPCK prints a message listing the 
observed temperature, the estimated temperature, 
and the date of occurrence. 

Appendix B. 4 lists a set of sample input for using program TEMPCK inJ 
conjunction with the MAT program. :Appendix B.5 contains sample output from 
program TEMPCK. 

2.5 SUMMARY OF STEPS IN DATA PROCESSING 

As a reference for users of the data processing programs presented in this 
chapter and in chapter 3 of HYDR0-14, the steps required to prepare the data 
necessary for model calibration are summarized. To illustrate the steps a 
typical basin is used as an example; the Passumpsic River at Passumpsic, 
Vermont. Data were prepared for the period October 1963 through 
September 1971. 

a. Obtain NWSRFS-NCC hourly and daily data tapes, including table of 
contents, for all states involved in the analysis from the National 
Climatic Center, Asheville, North Carolina. (Tapes described in 
Appendix B of HYDR0-14) In this case, tapes were obtained for 
Vermont and New Hampshire. 

b. With the aid of the Annual Swmmaries of Climatological Data 
published by the Envi~onmental Data Service, NOAA, and the tape 
tahle of contents, select all the stations which could possibly 
be useful in the analysis. In this case, 40 daily stations and 
21 hourly stations were selected for use in calibration of the 
Passumpsic River and for future analysis of the Ammonoosuc and 
White River basins. 

c. Run programs PRELIMl and PRELIM2 for the selected stations. 

d. Determine changes in location of all stations from the Annual 
Summaries of Climatological Data and observation times for daily 
stations from monthly Climatological Data bulletins. 

e. Perform an isohyetal analysis to determine "characteristic 
precipitation" (section 3.3.2 in HYDR0-14) for each station if the 
area is mountainous. Also locate "dummy" precipitation stations if 
they are needed. For the Passumpsic basin "characteristic 
precipitation" was determined from the mean monthly precipitation 
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values computed by programs PRELIMland PRELIM2 and from an 
isohyetal analysis performed by Knox and Nordenson (1955). 

f. Run the Mean Basin Precipitation program (section 3.4 in HYDR0-14). 
For the Passumpsic, mean areal precipitation was computed·for three 
areas; the basin as a whole, the area below 1,330 feet elevatio~, 
and the area above 1,330 feet elevation. The output was put onto 
tape. 

g. Examine the available maximum-mlnlmum air temperature data to 
determine if the available data adequately represents all portions 
of the area. If the available data does not represent all 
portions of the area, assign "du.rntny" stations to those portions 
that are not represented. Determine the mean monthly maximum and 
minimum temperature for each "dummy" station from available actual 
temperature records or possibly other meteorological information. 
For the Passumpsic basin temperature records for stations within or 
near the basin, plus several high elevation stations in northern 
New England, were used to determine·the mean monthly maximum and 
minimum temperature for the assigned "dummy" station. 

h. Run the Mean Areal Temperature program. For the Passumpsic basin 
mean temperature was computed for the same areas as was precipi
tation. The output was put onto tape. 

i. Obtain mean daily discharge records. In the ~ase of the Passumpsic 
River, daily discharge was punched directly from the U.S.G.S. 
Water Supply Papers and converted to Office of Hydrology Standard 
Format Cards (Appendix A in HYDR0-14). The data could also have 
been obtained from the U.S.G.S. on magnetic tape and converted to 
Office of Hydrology Standard Format Cards with program DAILYF 
(Appendix Din HYDR0-14). 

j. Determine daily potential evapotranspiration (PE) and put the 
results on Office of Hydrology Standard Format Cards. For the 
Passumpsic basin daily PE was computed from meteorological variables 
(Equations given in section 3.5 of HYDR0-14) collected by NOAA and 
the Agricultural Research Service near Danville, Vermont. For 
periods when the meteorological variables were not available, 
daily PE was estimated from mean monthly PE computed for 
Burlington, Vermont. 

k. Put all data currently on Office of Hydrology Standard Format Cards 
onto tape in NWSRFS Standard Tape Format. Program NWSRFS2 
(Appendix E.l in HYDR0-14) performs this task. For the Passumpsic 
basin PE and mean daily discharge data were converted from cards to 
tape. 

1. Combine the basic data from individual tapes onto one master tape for 
use in model calibration. Program SUPERTP (Appendix E.2 in HYDR0-14) 
is used to merge tapes. For the Passumpsic basin the three individual 
tapes; one containing mean areal precipitation, one containing mean 
areal temperature, and one containing PE and mean daily discharge, 
were combined. 
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Reference: 

Knox, C. E. and Nordenson, T. J.,"Average Annual Runoff and Precipitation 
in the New England-New York Area,"Hydrologic Investigations Atlas HA7, 
Department of the Interior, United States Geological Survey, 1955. 
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1\) 

I 

~ 
Vl 

Case 

High elevation station 
estimated from 
stations at or below 
it. 

Middle elevation 
station estimated 
from stations 
above and below 
it. 

TABLE 2-1 Accuracy of point temperature estimates 
from Eq. 2.6 with F = 10.0 e 

Estimated Station 
Elevation~ 

Observation Time Stations Used for Estimate--
and Test Period Elevation and Observation Time 

Flagstaff~ Arizona Chevelon RS 7006' 5PM 

7006' 12PM Cottonwood 3360' 6PM· 

10/63 - 9/71 Groom Creek 6100' 5PM 
Williams 6750' 5PM 
Winslow 4S95' 12PM 
Wupatki N.M. 490S' 5PM 

Flagstaff, Arizona Chevelon RS 7006' 5PM 

7006' 12PM Cottonwood 3360' 6PM 

10/63 - 9/71 Fort Valley 7347' SAM 
Groom Creek 6100' 5PM 
Winslow 4S95' 12PM 
Wupatki N.M. 490S' 5PM 

Fort Valley~ Arizon2 Chevelon RS 7006' 5PM 

7347' SAM Cottonwood 3360' 6PM 

10/63 - 9/71 Groom Creek 6100' 5PM 
Williams 6750' 5PM 
Winslow 4S95' 12PM 
Wupatki N.M. 490S' 5PM 

Junipine, Arizona Cottonwood 3360' 6PM 

5134' 6PM Flagstaff 7006' 12PM 

10/63 - 9/71 Montezuma 
Castle 31SO' 6PM 

Williams 6750' 5PM 

Standard 
RMS-°F Deviation °F 

Max Min Max Min 

3.4 4.4 S.6 7.5 

3.7 4.S S.6 7.5 

5.0 5.S S.5 S.2 
I I I I 

2.1 2.S S.l 5.S 



[\) 

I--' 
0\ 

High elevation station 
estimated from low 
elevation stations 

Station estimated 
from other stations 
at nearly the same 
elevation 

Palisade RS, Arizona 
7945' 5PM 
1/65 - 9/71 

Palisade RS~ Arizona 
7945' 5PM 
1/65 - 9/71 

Mt. Washington, N.H. 
6262' 12PM 
10/63 - 9/71 

Mt. Mansfield, Vt. 
3950' 5PM 
10/63 - 9/71 

North Danville, Vt. 
1140' 12PM 
10/63 - 9/71 

TABLE 2-1 (continued) 

Oracle 2SE 4540' 
Sabino Canyon 2640' 
San Manuel 3560' 

Sabino Canyon 2640' 
San Manuel 3560' 
Willow Springs 

Ranch 3690' 

Bethelehem 1380 1 

10/63 - 11/65 
12/65 - 9/71 

Fabyan 1620' 
Pinkham Notch 2029' 

10/63 - 9/64 
10/64 - 9/71 

Woodstock 720' 

Burlington WSO 332' 
Montpelier 1126' 
Morrisville 680' 

Newport 766' 
St. Johnsbury 699' 
West Burke 900' 

6PM 3.9 4.6 7.4 6.7 
5PM 
6PM 

5PM 3.9 4.8 7.4 6.7 
6PM 

5AM 

5.6 8.4 9. 9 . 10.5 
7AM l 
5PM I 

7PM 

7PM 
7AM 
6PM 

12PM 4.4 6.6 9.8 10.1 
12PM 

5PM 

12PM 3.1 4.8 9.7 10.1 
4PM 
7AM 
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CHAPTER 3. SNOW ACCUMULATION AND ABLATION MODEL 

3.1 INTRODUCTION 

This chapter describes the basic model representing the physical processes 
which are needed to simulate the accumulation and ablation of a snowpack. 
The basic philosophy of the model is that each significant physical component 
be represented separately~ rather than to.use a single index to explain 
several processes, e.g., the use of degree-day~factors as described by 
Linsley et al. (1958). As noted' in Chapter l, air temperature and precipi
tation are the only meteorological variables that are required for this 
model. Guidelines for determining model parameters are not included in this 
chapter. Model parameter guidelines are incl~ded in the discussion of 
model calibration in Chapter 5. 

3.2 FLOWCHART 

Figure 3-l shows a flowchart of the snow accumulation and ablation model. 
This flowchart shows each of the physical components which are represented 
in the ·model. These include, accumulation of the snowpack, heat exchange 
at the air-snow interface, areal extent of snow cover, heat storage within 
the snowpack, liquid-water retention and transmission, and heat exchange at 
the soil-snow interface. 

3.3 DESCRIPTION OF MODEL COMPONENTS 

This section describes the mathematical relationships which are used to 
model each of the baste components of the snow accumulation and ablation 
process. It should be noted that in the model all snowpack variables are 
expressed in terms of mean values over the entire area. Thus, if the total 
snowpack water equivalent is computed as 6.30 inches and the areal extent 
of snow cover is 50 percent, then the mean water equivalent over the area 
actually covered by snow is 12.60 inahes. 

3.3.1 ACCUMULATION OF THE SNOWPACK 

The first decision which must be made is whether precipitation entering 
the model is in the form of rain or snow. Air temperature is used as the 
index to the form of precipitation. The parameter PXTEMP is the delineation 
point between rain and snow. 

where: 

TA > PXTEMP Precipitation is rain, and 
TA < PXTEMP Precipitation is snow, 

TA is the air temperature in degrees F, and 
PXTEMP is in degrees F. 

For heat storage computations or for computing the melt caused by rain 
·water, the temperature of the precipitation is assumed to be equal to the 
air temperature. When snow is falling at air temperatures greater than 
32°F, the temperature of the snow is set to 32°F. 
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In order to simulate the accumulation of the snowpack correctly, not only 
does the form of precipitation need to be determined, but the amount of 
precipitation must be reasonably accurate. The catch of a precipitation 
gage can be in error by a considerable amount during snowfall events; 
especially if the gage is not shielded or if the gage is exposed to high 
winds. The parameter SCF is used to correct for gage catch deficiency 
during snowfall, i.e., 

PX = SCF • PX , 
a g 

(3-1) 

where: 

PX is the precipitation as recorded by the gage in inches, and 
PXg is the actual water equivalent of the snowfall in inches. 

a 

In this model SCF is a mean gage catch de-ficiency correction factor. For an 
individual storm PX can be in error because of variations in wind speed 
and direction. HoWever, as the number of storms contributing to.the snow
pack becomes large, the·errors from individual storms will tend to cancel 
each other. 

3.3.2 HEAT EXCHANGE AT THE AIR-SNOW INTERFACE 

The heat exchange at the air-snow interface is the most critical factor 
controlling the ablation of a snowpack. This model uses air temperature as 
the index to the heat exchange mechanisms which control heat flow into or 
out of the snowpack. There are two basic situations for which heat exchange 
needs to be estimated: (1) when the air is warm enough so that melt takes 
place at the snow surface, and (2) when the air is too cold for melt to occur. 

3.3.2.1 Melt at Snow Surface 

The model assumes melt can occur at the snow surface when the air tempera
ture is above 32°F. The relative importance of various heat exchange mech
anisms varies with meteorological conditions. Since only air temperature 
and precipitation are assumed known in this model, it is impossible to 
distinguish each condition. However, the rate of melt during rain can be 
separated from the rate of melt during other conditions. In the model the 
equation for melt during rain is used w4en the amount of rain exceeds 0.1 
inch in six hours. 

a. Melt during rain. During rain several assumptions are made so 
that melt can be computed from an energy balance equation. The 
assumptions are: (1) solar radiation is zero, (2) incoming longwave 
radiation equals the blackbody radiation at the ambient air temper
ature, ( 3) snow surface temperature is 32°F, ( 4) dew point is equal 
to ambient air temperature, and (5) temperature of the rain water is 
equal to the ambient air temperature. 
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A brief derivation of the energy balance equation is as follows: 

l. The energy balance of a melting snowpack"can be expressed as: 

(3.1) 

where: Qn = net radiative heat transfer, 

Qe = latent heat transfer, 

~ 
= sensible heat transfer, 
= heat transfer by rain water, and 

X 
M = amount of melt. 

Units of all quantities are inches water equivalent. 

2. Based on the preceding assumptions, net radiative transfer during 
rain on a melting snowpack is: 

Q = 0 • 
n 

where: 0 

T 
4 - 0 • T 

4 
aK sK 

= Stefan Boltzmann constant (5.78 
melt · day-1 • °K-4), 

= ambient air temperature °K, and 
= snow surface temperature °K (in 

TsK = 273°K). 

(3.2) 

10-10 . h ' f X lnC es 0 

this case 

4 Assuming linearity of 0 • TaK over the temperature region of 
main interest, Eq. 3.2 can --be expressed as: 

Q = 0.007 · (T - 32) 
n a ' 

(3.3) 

where: T is the ambient air temperature, °F, and Q is in 
t~rms of inches/6 hr. n 

Eq. 3.3 yields values within 5 percent of Eq. 3.2 over. the 
temperature range 32° < T < 75°F. a 

3. A Dalton-type equation is commonly used to compute vapor 
transfer. During a rain on snow event, condensation will occur, 
thus the equation for vapor transfer would be: 

V = f(u) · (e - e ) 
a s ' 

(3.4) 

where: v 
f(u) 

= condensation - inches/6 hr., 
=wind function- inches/(inches H • 6 hr.), 

g 
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e = vapor pressure of air - inches H , and 
ea = vapor pressure of snow surface _ginches H (assumed to be 

s the saturation vapor pressure at the snowgsurface temper
ature= 0.18 in. H at 32°F). g 

Thus, the latent heat transfer during a rain on snow event is: 

( 3. 5) 

where: Ly =latent heat of vaporization (7.5 inches of melt/ 
inch of condensate). 

Combining Eqs. 3.4 and 3.5, the equation for latent heat 
transfer during a rain on snow event is: 

Qe = 7.5 · f(u) · (e - 0.18), . a 

where: Q is in inches/6 hr. 
e 

(3.6) 

However, for every 7.5 inches of latent heat melt, one inch of 
condensate is also added to the snowpack. Thus, the total 
amount of liquid water produced by· latent heat exchange during 
a rain on snow event (WQ ) is: 

e 

= 8.5 · f(u) · (e - 0.18)~ a 

where: WQ is in inches/6 hr. 
e 

(3.7) 

4. If it is assumed that the eddy transfer coefficients for heat 
and vapor ~re equal, then the ratio of ~/Q , commonly referred 
to as Bowen's ratio, can be expressed as: e 

T 
a 

-Q =y·e 
e a 

- T s 
-.e 

s 

where: y is the psychrometric 
(y = 0.000359·PA where 
in. H), and T is the 

g s 

(3.8) 

constant - inches H /°F 
PA is atmospheric p~essure -
snow surface temperature - °F. 

Substituting Eq. 3.6 for Q , the expression for sensible heat 
e 

transfer becomes: 
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~ = 7.5 · y · f(u) · (Ta- 32) (3.9) 

5. The heat transferred by rain water to the snow is the difference 
between the initial and final heat content of the rain water. 
This can be expressed as: 

Q = C · P · T px p x a (3.10) 

where: C = specific heat of water~0.007 inches water equivalent/ 
P °F, and 

p 
X 

=amount of precipitation- inches. 

Thus, the melt caused by rain water is: 

Q = 0.007 • P · (T - 32). 
"PX X a (3.11) 

Substituting Eq. 3.3, 3.6, 3.9 and 3.11 into Eq. 3.1 and including 
the amount of condensate, the .equation used in the model for melt 
during ,a rain on snow event becomes: 

M = 0.007 · (T -32) + 7.5 · y • UADJ · (T -32), a a 
(3.12) 

+ 8.5 • UADJ · (e - 0.18) + 0.007 · P · (T -32), 
a x a 

where: UADJ is a parameter representing the average six-hour 
wind function during rain on snow events, and M is in 
units of inches/6 hr. 

b. Melt during non-rain periods. During non-rain periods melt at the 
snow surface is assumed to be linearily related to the difference 
between the air temperature and a base temperature, MBASE (units 
are °F). The most commonly used base temperature is 32°F. Thus, 
melt during non-rain periods can be expressed as: 

M = Mf · (Ta- MBASE), (3.13) 

where: Mf =melt factor- inches/(6 hr. · °F). 

This relationship is adequate for any single period of the snow 
season. However~ the melt factor for one portion of the snow 
season differs from the melt factor for other portions because of 
the changing relationship between the meteorological factors which 
affect melt and the quantity (T - MBASE). Thus~ the model uses 
a seasonally varying melt-facto~. The minimum melt factor (MFMIN) 
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is assumed to occur on December 21 and the maximum melt factor 
(MFMAX) on June 21. A sine curve,is used to extrapolate melt 
factors for other dates, as shown in Figure 3-2. 

3.3.2.2 Heat Exchange During Non-Melt Periods 

When the air temperature is below 32°F the model assumes melt does not 
occur. In this situation the heat exchange can be positive (snowpack 
gaining heat) or negative (snowpack losing heat). The direction of heat 
flow depends on whether the air'is warmer or colder than the surface 
layer of the snowpack. An antecedent temperature index (ATI) is used as 
an index to the temperature of the surface layer of the snowpack. This 
index is computed as follows: 

= ATI1 + TIPM · (T 
a2 

(3.14) 

where: subscripts ·refer to time period, one and two. · TIPM is an anteceden 
temperature index parameter (0.0 < TIPM .::_ 1.0). 

Exceptions to Eq. 3.14 are: 

a. When ATI is greater than 32°F, ATI is set to 32°F. 
b. When the snowpack is isothermal at 32°F, ATI is set to 32°F. 
c. When more than 0.2 inches water equivalent of snowfall uccurs in 

six hours then ATI is set equal to the temperature of the new snow, 
since the new snow is now the surface layer. 

The heat exchange during a non-melt 
temperature gradient defined by air 
ture index. Thus the change in the 
T < 32°F is: a 

period is assumed proportional to the 
temperature and the antecedent tempera
heat storage of the snowpack when 

(3.15) 

where: ~HS = change in snowpack heat storage - inches water equivalent/ 
6 hr., and 

NMf =negative melt factor- inches/(6 hP. • °F). 

Subscripts refer to time periods and indicate that ~HS is calculated 
using the value of ATI at the end of the previous six-hour period. 

The conduction of heat into or out of the snowpack is primarily a function 
of snow density in addition to the temperature gradient. The density of 
the upper layer of the snowpack is variable, but tends to increase as the 
snow "ripens" and melt progresses. Thus, the negative melt factor should 
vary seasonally. Since heat transfer during non-melt periods is much less 
significant than during melt periods, additional mathematical relationships 
and parameters to describe this seasonal variation are not warranted. In 
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this model the same seasonal variation used for the non-rain melt factor is 
used for the negative melt factor. Therefore~ the only parameter needed for 
non-melt heat exchange is NMF, the maximum negative melt factor. The 
minimum negative melt factor (NMF . ) is: mln 

NMF . = NMF . ~~~ mln 
(3.16) 

and the seasonal variation is the same as for the non-rain melt factor, as 
shown in Figure 3-2. 

To conclude this section, Table 3-1 summarizes the calculation of heat 
exchange at the air-snow interface for each heat exchange situation. 

3.3.3 AREA~ EXTENT OF SNOW COVER 

The percent of the area which is covered by snow must be estimated to 
determine the. area over which heat. exchange,is ,.taking place. and, .in the 
case of rain on snow, to determine how much rain falls on bare ground. 
The areal deple~ion of snow is predominantly a function of how much of the 
original water-equivalent of the snowpack remains. Because of a similarity 
in accumulation versus elevation and vegetal cover and a similarity in 
drift patterns from year to year, each area should have a reasonably unique 
areal depletion c·urve. An areal depletion curve, as used in the model, is 
a plot of the areal extent of snow cover versus th~ ratio of mean areal 
water equivalent to an index value, Ai (units are inches water equivalent). 
The index value, Ai, is the smaller of: 1) the maximum water equivalent 
since snow oegan to accumulate, or 2) a preset maximum (SI). SI is thus the 
mean areal water equivalent above which there is always 100 percent snow 
cover. A typical areal depletion curve is shown in Figure 3-3. 

The one problem that remains is the case when new snow occurs over an 
area that is partially bare. In this case, the area reverts to 100 percent 
cover for a period of time, then returns to the point where it was on the 
areal depletion curve before the snowfall occurred. The method of modeling 
this situation also is shown on Figure 3-3. The variables are defined as 
follows: 

SBAESC = the areal extent of snow cover from the areal depletion 
curve just prior to the new snowfall; 

SB = the areal water equivalent just prior to the new snowfall; 
S =the amount of the new snowfall- inches water equivalent; and 
SBWS = the amount of water equivalent above which 100 percent areal 

snow cover temporarily exists. 

SBWS is computed as: 

SBWS = SB + 0.75 · S. (3.17) 

Thus, the areal extent of snow cover remains at 100 percent until 25 percent 
of the new snow melts. In reality this 25 percent figure varies from area 
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to area, but the magnitude of the variation and 'the effect on model 
results do not warrant the inclus.ion of another parameter. 

3.3.4 SNOWPACK HEAT STORAGE 

The model keeps a continuous accounting (on a six-hour basis) of the heat 
storage of the snowpack. The upper limit for heat storage computations is 
32°F. Thus, when the snowpack is isothermal at 32°F, the snowpack heat 
storage is assumed to be zero. When heat is transferred from the snow to 
the air, heat storage becomes negative. This is called negative heat 
storage (NEGHS) in the model. Enough heat must be added to bring negative 
heat storage back to zero before surface melt water or rain water can 
contribute to liquid water storage or snowpack outflow. Negative heat 
storage can physically consist of snow at a temperature less than 32°F or 
refrozen liquid water or a combination of these. It makes no difference 
what the physical form of negative heat storage is, it is the total amount 
of the heat deficit that is important. 

3.3.5 LIQUID-WATER RETENTION AND TRM~SMISSION 

Snow crystals retain liquid-water similar to soil particles. In the 
model the maximum amount of liquid-water (LIQWMX - inches) that the snow
pack can hold is: 

LIQWMX = PLWHC · WE, (3.18) 

where: =percent (decimal)liquid-water holding capacity; and PLWHC 
WE = water equivalent of the solid portion of the snowpack in 

inches. 

The model assumes PLWHC is a constant for all snowpack conditions, since 
variations of liquid-water holding capacity with regard to density and 
crystal structur.e are not well defined. The amount of liquid-water that 
exists within the snowpack at any time is LIQW (units are also inches). 

Equations for the transmission of excess liquid-water through the snow
pack were developed with data obtained from the Central Sierra Snow 
Laboratory Lysimeter during April and May of 1954. The equations apply to 
a "ripe" snowpack (well-aged snow with a spherical crystalline structure). 
However, they are used under all conditions since there is a lack of data 
and knowledge on the transmission of water through fresh snow. The excess 
liquid-water is first lagged and then attenuated. The equation for lag is 

(shown graphically on Figure 3-4): 

LAG= 5.33 • [1.0- exp (-0.03 ·WE/EXCESS)], (3.19) 

where: LAG =lag in hours,and 
EXCESS= excess liquid water in inches/six hours. 

The equation for attenuation is (shown graphically on Figure 3-5): 
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where: PACKRO 
s 

(3.20) 

= snowpack outflow in inches/six hours; 
= the amount of excess liquid-water in storage in the snow

pack at the beginning of the period- inches, and 
= the amount of lagged inflow for the current period -

inches/six hours. 

The functional forms of Eqs.3.19 and 3.20 were developed by plotting the 
experimental data. Final coefficient values were determined by minimizing 
the squared error between simulated and observed snowpack outflow from the 
lysimeter. 

3.3.6 HEAT EXCHANGE AT THE SOIL-SNOW INTERFACE 

Heat exchange at the soil-snow interface is usually negligible compared 
to heat exchange at the air-snow interface. In some watersheds a small 
amount of melt takes place continuously at the bottom of the snowpack and 
is enough to sustain base flow throughout the winter. The model assumes 
that a constant amount of melt takes place at the soil-snow interface. 
This constant rate of melt is defined by the parameter DAYGM which has 
units of inches of water equivalent/day. 

3.3.( COMPONENTS NOT INCLUDED 

Neither snowpack sublimation or interception are explicitly included in 
the model for the following reasons. 

a. To calculate snowpack sublimation with reasonable accuracy, dew 
point and wind data are needed. In this model, neither of those 
quantities are known. Snowpack sublimation is usually of the 
same order of magnitude from one snow season to the next for a 
given watershed. Thus, to some extent the value of SCF would 
reflect sublimation losses as well as precipitation gage catch 
deficiencies. 

b. Interception of snow by vegetation and any subsequent loss are 
complex processes. During a storm, interception storage increases 
until some maximum is reached. After the storm, some of the inter
cepted snow falls to the ground, some melts and runs down the tree 
trunks, and some sublimates. Many studies have represented the 
seasongl loss by interception as a percentage of the total 
seasonal snowfall. If this is a valid assumption, which it seems 
to be, then it would be very difficult to separate interception 
effects from gage catch deficiency effects. 

c. In most watersheds the magnitude of sublimation losses and inter
ception losses are much less than the magnitude of precipitation 
gage catch deficiencies. 
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3.4 SUMMARY OF MODEL PARAMETERS 

Following is a list of the parameters used in the snow accumulation and 
ablation model and their definitions for use as a reference: 

a. PXTEMP 

b. SCF 

c. MEASE 

d. UADJ 

e. IVT..FMAX 

f. MFMIN 

g. TIPM 

h. NMF 

i. SI 

j. PLWHC 

k. DAYGM 

l. EFC 

Temperature above which precipitation 
is assumed to be rain (°F). 

Multiplying factor to correct for pre
cipitation gage catch deficiency 
during periods of snowfall. 

Base temperature for melt computations 
during non-rain periods (°F). 

Average six-hour wind function during 
rain on snow events [inches/(in. H 
6 hr.)]. g 

Maximum non-rain melt factor which 
occurs on June 21 [inches/(6 hr.·°F)]. 

Minimum non-rain melt factor which 
occurs on December 21 [inches/(6 hr .. 
OF)]. 

Antecedent temperature index parameter 
(0.0 < TIPM ~ 1.0). 

Maximum value of negative melt factor 
which occurs June 21 [inches/(6 hr.· 
OF)]. 

Mean areal water-equivalent abov~ which 
100 percent areal snow cover always 
exists (inches). 

Percent (decimal) liquid water holding 
capacity. 

Daily melt at the soil-snow interface 
(inches). 

Percent (decimal) of area over which 
evapotranspiration occurs when there is 
100 percent snow cover. 
[Evapotranspiration is modified when 
snow is on the ground by: 

EP = EFC • P + (1.0 - EFC) e 
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(1.0 - AESC) • P , 
e (3.21) 



Reference: 

' 

where: 

P is watershed potential evapotranspir
ation modified for snow cover (inches), 
and AESC is percent (decimal) areal 
extent of snow cover]. 

Linsley, R. K., Kohler, M.A. and Paulhus, J. L. H., Hydrology for 
Engineers, McGraw-Hill, New York, 1958, 340 pp. 
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Figure 3-1. - Flow chart of snow accumulation and ablation model. 

3-13 



~ 

LL 
0 •. 
a: 
% 
U) 

' en MFMAX 
IJJ 
% I 
0 I z 
.,.,_. I 

a:: I 
0 I .... June 21 0 
<3: 
1.&.. 

~ MFMIN 
UJ I 
2 Dec. 21 

Oct Nov Dec Jan Feb Mar • May Jun Jul Aug Sep 

Figure 3-2. - Seasonal variation in melt factors. 

3-14 



<( 

' t-
z 
l&J 
..J 

~ 
;:::) 
0 
1.&.1 

0:: 
LIJ .... 
<( 
~ 

..J 
<( 
w 
0:::: 
<( 

I .0 

0.5 

0.0 

0 10 20 30 40 50 60 70 80 90 100 

AREAL EXTENT OF SNOW COVER ( PERCENT ) 

Figure 3-3. - Snow cover areal depletion curve. 

3-15 

(SB+S)/Ai 
SBWS/Ai 

SB/A; 



ro 

60 

50 

20 

10 

Maximum Log .. ___ ,)o.JII 

I 
I 
I 
I 

2 3 4 
LAG (HOURS) 

Figure 3-4. - Lag applied to excess liquid-water moving through a snowpack. 

3-16 



"! -......... 
1-
z 
LLI 
...J 
4( 

> 
::) 

0 
L&J 

~ 
LIJ 
....... 
~ 
~ 
""""" 

' 
3: 
0 
..J 
La.. 
z 

c 
w 
(!) 
(!) 

<l 
_J 

.. I 

.07 

.05 

.04 

.03 

.02 

.01 

.. 007 

:005 

.004 

.003 

.002 

.001 
.60 

"-(0 
\() 
<::)t 

1.0 
R• 

-83 5•1 I WE 1.3 
0.5 • e · l 

PACKRO = R•(S+~) 

.70 .75 .80 .85 .90 .95 LO 
R 

tt.O 

Figure 3-5. - Attenuation of excess liquid water moving through a snowpack. 

3-17 





CHAPTER 4. DESCRIPTION OF COMPUTER SUBROUTINES 
FOR THE SNOW ACC~IDLATION AND ABLATION MODEL 

4.1 INTRODUCTION 

This chapter describes the computer subroutines which are needed to use 
the snow accumulation and ablation model in conjunction with the NWSRFS. 
The NWSRFS programs, as described in HYDR0-14, contain all the statements 
that are needed to communicate with the snow subroutines, i.e., subroutine 
CALL statements, COM!mN blocks, and initialization of va;riables. Snow 
subroutines are provided for all three NWSRFS programs involving hydrograph 
simulation; the verification program (NWSRFS4), the optimization program 
(rNSRFS3), and the operational river forecasting program (NWSRFS5). 

4.2 SUBROUTINES 

There are four snow subroutines for the verification program, three for 
the optimization program, and three for the operational river forecasting 
program. Following is a brief description of the function of each subrou
tine: 

a. Subroutines included in the verification,_ optimizatiop., and 
operational programs. 

1) SNOWPM inputs snow parameters and initial values of snowpack 
storages and variables for each sub-area for which channel 
inflow is to be computed. Soil-moisture accounting sub-areas 
and snowpack accounting sub-areas are identical. The subrou
tine also outputs the parameters and initial values for future 
reference. 

2) PACK is the subroutine that simulates the accumulation and 
ablation of the snowpack, as described in Chapter 3. As a 
reference for those readers who are interested in the snow 
accumulation and ablation ~odel, but do not want to obtain 
all the NWSRFS programs, a listing of subroutine PACK, from 
the verification program, is contained in appendix C. 

b. Subroutine included in the verification and optimization programs. 

SNOWIN inputs six-hour air temperature data from tape. In addition, 
observed daily water-equivalent of the snowpack can be input from 
tape if such data are available. Observed water-equivalent data 
are not used in the computations, but are printed out so that a 
visual check between observed and· computed water-equivalent can be 
made. (Note. In using the data processing programs from appendix 
E of HYDR0-14 to load observed water-equivalent data onto tape, 
observed water equivalent is treated as if it were mean daily flow 
data. For example, if two observed water equivalent stations and 
four mean ·daily flow stations were being loaded, the data processing 
programs would be instructed to load six mean daily flow stations. 
The observed water-equivalent stations must be placed before the 
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mean daily flow stations in the input queue.) All data are input a 
month at a time. All snow data must be on the same tape. The 
subroutine contains the flexibility that if more stations or areas 
are on tape than are needed for a particular run~ only that infor
mation that is requested is read. Thus~ one data tape can be 
set up for a large river system and be U$~d for running any segment 
of the system. 

c. Subroutine included in the verification program only. 

SNOWOT is a short subroutine which outputs total monthly snowfall~ 
rain, and snowpack outflow, plus a water balance of the snowpack as 
a check on RACK subroutine computations. 

d. Subroutine included in the operational program only. 

UPSNOW allows for the input of adjustments to snowpack parameters 
and variables which may-be needed operationally to adjust the 
snow model so that simulated conditions agree with observed 
conditions. A description of the adjustments is included later 
in this chapter under section 4.5.3. 

4.3 VERIFICATION SNOW SUBROUTINES 

This section describes the options, input required~ and output produced 
by the snow subroutines which are used in conjunction with the verifica
tion program (NWSRFS4). 

4.3.1 SUBROUTINE OPTIONS 

There are three optional features in regard to data input and computer 
output with the verification snow subroutines. 

a. As mentioned previously, observed daily water-equivalent data can 
be input and printed for comparative purposes. If observed 
water-equivalent data are not available, which is usually the 
case, the input of such data are eliminated. 

b. The verification program contains the flexibility that the snow 
subroutines do not have to he used every month. Thus, during 
months when there is no snowfall and no snow on the ground, the 
program can bypass the snow subroutines. This feature eliminates 
the need for valid air temperature data during non-snow months. 
Thus, during non-snow months the air temperature records on the 
basic data tape can be loaded as missing data. Missing air 
temperature data are signified by 999.0. 

c. During calibration it is important in many cases to monitor daily 
changes in snowpack conditions. This is necessary to answer 
questions such as: Was the runoff caused by melt~ rain on snow, 
or just rain? What is the areal extent of snow cover during a 
certain period? What is the amount of. negative heat storage and 
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liquid-water retention before a certain event? Was the precipi
tation assumed to be rain or snow? When did melt occur? When did 
the snowpack disappear? To answer such questions the subroutines 
contain the option that snowpack variables can be output on a 
daily basis for each sub-area. 

4.3.2 INPUT Sill~Y 

Appendix D.l contains a listing of the input needed to run the verifica
tion program with snow included. 

4.3.3 SAMPLE INPUT 

Appendix D.2 lists the input for an eight-year run of the verification 
program on the Passumpsic River at Passumpsic, Vermont. 

4.3.4 SA~PLE OUTPUT 

Appendix D.3 lists examples of the output from the run of the verification 
program which used the sample input data for the Passumpsic River. To 
conserve space, the entire output is not listed, but only examples of each 
type of printout. 

4.4 OPTIMIZATION SNOW SUBROUTINES 

This section describes the options, input required and output produced by 
the snow subroutines which are used in conjunction with the optimization 
program (NWSRFS3). 

4.4.1 SUBROUTINE OPTIONS 

There are two options in regard to snow computations included in the 
optimization program. The standard options of the optimization program are 
described in chapter 7 of HYDR0-14. 

a. As in the verification program, the program can be instructed to 
bypass the snow subroutines during months with no snowfall and no 
snow on the ground. 

b. The optimization program can be used for either one or two snow 
and soil-moisture accounting sub-areas (see section 7.4.3 of 
HYDR0-14). As the optimization program is currently written, 
soil-moisture accounting parameters are the same for each area 
when two sub-areas are used. In the snow subroutines different 
parameter values can be used for each sub-area. The use of 
different parameter values for each sub-area is intended for use 
during the optimization of a mountain watershed with two elevation 
zones. Care should be exercised for two reasons if this option is 
used: 1) geographical factors which would suggest the use of 
different snow parameters for each area also would generally 
suggest the use of different soil-moisture accounting parameters, 
and 2) unless variables such as'water-equivalent and areal snow 
cover are available for each sub-area as a check on simulation 
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results, the addition of twice as many snow parameters may allow 
for an improved hydrograph simulation, but at the expense of an 
unreasonable simulation of snow accumulation and ablation within 
each area. A further discussion of the use of elevation zones in 
mountainous areas is contained in section 5.8.1. 

4.4.2 INPUT SUMMARY 

Appendix E.l contains a listing of the input needed to run the optimization 
program with snow included. 

4.4.3 SAMPLE INPUT AND OUTPUT FOR OPTIMIZATION RUN 

Appendix E.2 lists the input and the output for an optimization run on the 
Passumpsic River at Passumpsic, Vermont. 

4.4.4 SAMPLE INPUT AND OUTPUT FOR SENSITIVITY RUN 

As described in chapter 7 of HYDR0-14, the optimization program can also be 
operated in a sensitivity mode. Appendix E.3 lists the input and output for 
a sensitivity run on the Passumpsic River. 

4.5 OPERATIONAL SNOW SUBROUTINES 

This section describes program features, input required, and the output 
produced by the snow subroutines which are used in conjunction with the 
operational river forecasting program (NWSRFS5). 

4.5.1 INPUT OF AIR TEMPERATURE DATA 

In the operational program all data are input through subroutine DATAIN 
(see section 6.2 of HYDR0-14). This includes the input of six-hour air 
temperature data; both air temperatures that have been observed and those 
that are predicted to occur in the future. The determination of six-hour 
mean areal air temperature from point observations and possibly other 
meteorological data is left to the user. Since each river forecast office 
has different data networks, it would be extremely difficult to write a 
generalized operational data processing program that would fit the needs of 
all forecast offices. Thus, the task of writing an operational data pro
cessing program (i.e.~ a program to compute mean areal precipitation from 
point observations or other meteorological data, compute an estimate of 
evapotranspiration, compute mean areal air temperature from point values and 
other meteorological data, and compute discharge from river stage observa
tions or reservoir levels) is left to the user. 

In the case of air temperature, the point should be made that data other 
than maximum-minimum temperature observations will be available on an 
operational basis to compute six-hour mean areal air temperature. There 
will also be more data available to delineate whether precipitation is rain
fall or snowfall. However the number of air temperature observation stations 
available operationally may be considerably less than the number used for model 
calibration. The effect of the operational temperature data network on simula
tion results should be random, as long as there is not a significant bias 
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between the operational mean areal air temperature estimation procedure and 
the mean areal temperature procedure used in calibration. 

4.5.2 INCLUSION OF SNOW IN AN OPERATIONAL RUN 

On each run of the operational prog!am the user must tell the program if 
snow is to be included. If there is no snowfall and no snow on the ground~ 
the snow subroutines are not, needed. This feature not only saves computer 
time during non-snow periods, but also eliminates the need for observed 
and predicted mean areal air temperature data. Snow parameters and initial 
values are retained on the carryover tape (see section 6.6 of HYDR0-14) so 
that they·are available when the next snowfall occurs. However, the user 
must remember to input snow parameters on the initial run of the pperational 
program or on another run subsequent to tne first occurrence of snow. Once 
snow parameters are input they will be retained for use whenever snow occurs. 

4.5.3 SNOWPACK ADJUSTMENTS 

s·everal snowpack variables and parameters can be adjusted so that simu
lated conditions will agree with observed conditions. These adjustments 
fall into two categories: 1) adjustments tp make snowpack variables such 
as water-equivalent and areal extent of snow cover agree with observed 
values, and 2) adjustments to correct for deviations between the simulated 
and observed hydrographs. In making hydrograph adjustments ~major 
consideration is to determine the most likely cause of the error so that 
the correction will minimize future deviations of the hydrographs. A set 
of decision rules to accomplish this is an area for considerable future 
research. For the present, the program supplies only the methods of 
adjusting; the hydrologist must decide which adjustment to use. The 
following snowpack adjustments are available. 

a. Adjustments to snowpack variables. 

1) Areal water-equivalent can be adjusted at any time by reading 
in a new areal water-equivalent value for those sub-areas which 
are in error. New areal water-equivalent values will usually 
be based on field measurements of water-equivalent. However, 
in some cases, water-equivalent adjustments may be based on 
deviations between simulated and observed hydrographs. In the 
operational program the following rules are used for adjusting 
areal water-equivalent: 

a) The new value is input in terms of total water-equivalent, 
i.e.,solid plus liquid-water content of the snowpack. 

b) The percent liquid-water in the new snowpack is the same 
as in the old one. 

c) Areal extent of snow cover remains the same. 
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Subroutine UPSNOW changes the solid and liquid portions of the 
snowpack so that the percent liquid-water remains the same. 
Subroutine UPSNOW also computes an adjustment factor (AWEADJ) 
which keeps the areal extent of snow cover (AESC) ~he same: 

AWEADJ = 
AESC

1 
AESC 2 ' 

( 4.1) 

where: AESC1 is the areal extent of snow cover computed from 
the basic areal depletion curve using the old value of 
areal water-equivalent, and AESC

2 
is the areal extent 

of snow cover computed from the basic areal depletion 
curve using the new value of areal water-equivalent. 
(The basic areal depletion curve is the curve that was 
determined during model calibration.) 

This adjustment factor remains in effect until the areal water
equivalent is adjusted again. The effect of AWEADJ is to 
temBorarily shift the areal depletion curve. This effect is 
illustrated in figure 4.2. 

2) Areal extent of snow cover can also be adjusted at any time by 
reading in a new value of areal snow cover for those sub-areas 
which are in error. Areal snow cover adjustments also will 
be based generally on observations of area snow cover, but 
could also be used to adjust the simulated hydrograph in some 
situations. Subroutine UPSNOW computes an adjustment factor 
(AEADJ) which temporarily shifts the areal depletion curve in 
a manner similar to AWEADJ: 

AEADJ = AESC new 
AESC old 

(4.2) 

This adjustment factor remains in effect until the areal extent 
of snow cover is adjusted again. The effect of AEADJ on the 
areal depletion curve is illustrated in figure 4-2. It should 
be noted that to remain on the basic areal depletion curve that 
both areal water-equivalent and areal extent of snow cover must 
be adjusted. 

3) The gage catch deficiency fact·or ( SCF) for snowfall varies from 
storm to storm primarily as a function of wind. Operationally, 
wind data may be available and thus the user may want to estimate 
SCF for each storm rather than use a mean catch deficiency 
factor for all storms. An adjusted value of SCF can be input 
for any or all sub-areas. The adjusted value of SCF is not 
retained for future use, but is used only for the present storm. 
The mean snowfall correction factor is retained on the carryover 
tape. 
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b. Adjustments to correct hydrograph deviations. 

1) The volume of snowmelt can be adjusted by applying a multiply
ing factor to the computation of melt. Since melt is computed 
differently during rain on snow and non-rain periods~ two 
adjustments are needed: 

a) During non-rain periods the melt factor. (Mf) can be multi
plied by a correction factor. 

b) During rain on snow events~ the average wind function 
(UADJ) can be multiplied by a correction factor. 

Both of these corrections are only applied to observed data. 
The corrections do not apply to the forecast period (future 
period for which predicted data are used). If several days of 
observed data are included in the computer run, the same 
multiplication factor applies to each day. The only method 
available to adjust different days by different amounts is to 
adjust the mean areal air temperature data. 

2) The amount of negative heat storage can also be adjusted. 
This adjustment would probably not be used very often, but 
could be helpful during the early portion of snowmelt when 
the snowpack is becoming "ripe" and runoff is beginning tb 
occur. The negative heat storage adjustment is also useful 
during mid-winter rain on snow events to partition the rain 
between that which is released and that which is retained 
within the snowpack. Even though negative heat storage is a 
snowpack variable, it is listed under hydrograph adjustments, 
since the adjustment to negative heat storage would almost 
always be based on deviations between observed and simulated 
hydrographs rather than on measurements of the variable itself. 

4.5.4 INPUT SUMMARY 

Appendix F.l contains a listing of the input needed to run the operational 
river forecasting program with snow included. 

4.5.5 SAMPLE INPUT AND OUTPUT FOR OPERATIONAL PROGRAM 

Appendices F.2, F.3 and F.4 list the input and output for three runs of the 
operational program on the Rock River at Rock Rapids~ Iowa. Appendix F.2 
lists the initial run of the program to illustrate how to get the program 
started and how to create the initial carryover tape. Appendix F.3 shows the 
preliminary run on a major flood. Appendix F.4 illustrates the use of several 
adjustments to revise the preliminary run for the same major flood. 
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CHAPTER 5. CALIBRATION OF THE 
SNOW ACCUMULATION AND ABLATION MODEL 

5.1 INTRODUCTION 

In the application of a conceptual hydrologic model for river forecasting, 
the calibration process'is extremely important. The calibration procedure 
used must not only result in realistic parameter values which produce 
reasonable simulation results, ;but also must :be efficient so that a large 
number of river basins can be calibrated in a reasonable time. The procedure 
recommended is a co:m:bination o.f trial-and-error calibration and automatic 
parameter optimization. Trial-and-error calibration involves subjective 
manual adjustments to parameters based on an'analysis of previous simulation 
results. In automatic parameter optimization, the computer adjusts ~ara
meters in a semi-random manner based on changes in the value of a single 
numerical evaluation criterion. The automatic technique used in the NWSRFS 
is the direct-search optimization technique, Pattern Search. A complete 
description of the Pattern Search algorithm is given by Monro (1971). The 
evalu~tion criterion which has been adopted is the sum of the squares of 
the errors between simulated and observed mean daily streamflow. Chapter 7 
of HYDR0-14 describes the computatiqnal features and basic options of the 
computer program (NWSRFS3) which performs Pattern Search optimization. 

This chapter outlines and discusses a recommended calibration procedure for 
river basins where the snow accumulation and ablation model is ~sed. Only 
the snow model parameters are discussed in detail. The user should refer to 
chapter 7 of HYDR0-14 for suggestions regarding the determination of initial 
soil-moisture accounting and channel routing parameters and the optimization 
of those parameters. 

In addition to calibrating the snow', soil-moisture accounting, and channel 
routing models on the basis of hydrograph simulation, the snow model can be 
calibrated by comparing the computea and observed water-equivalent of the 
snowpack. However, it is ge?erally not feasible to calibrate the snow model 
using water-equivalent data because frequent representative water-equivalent 
measurements are not available for the large majority of watersheds. 

5.2 OUTLINE OF STEPS IN THE RECOMMENDED CALIBRATION PROCEDURE 

There are five basic steps in the recommended calibration procedure for the 
snow accumulation and ablation model. This section outlines the steps and 
the following sections discuss each step in detail. 

a. Select initial values for each of the snow parameters (snow para
meters are listed in section 3.4). Also select initial values for 
the soil-moisture accounting and channel routing parameters (see 
chapter 7 of HYDR0-14). 

b.. Simulate the entire calibration data period using the verification 
program. Check for periods when the form of the precipitation is 
in error, i.e., snow when rain actually occurred and vice versa. 
Adjust those periods that are determined to be in error. Also check 
for and correct any large data errors that can be substantiated. 
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Large errors should not be present if the data were properly 
checked for consistency at each stage of data preparation. 

c. Perform trial-and-error calibration of the model parameters using 
the verification program (NWSRFS4). 

d. Perform Pattern Search optimization on those parameters for which 
satisfactory values were not determined by trial-and-error calibra
tion. The optimization program (NWSRFS3) is used for Pattern 
Search optimization. 

e. Analyze calibration results. Repeat steps c and d if necessary. 

5.3 INITIAL VALUES OF THE PARAMETERS FOR THE 
SNOW ACCUMULATION AND ABLATION MODEL 

This section presents guidelines for determining initial values for each of 
the parameters included in the snow accumulation and ablation model. The 
definition of each parameter is listed in'section 3.4. If other nearby 
watersheds have been calibrated, the parameter values from these watersheds 
should also be he)~ful in determining initial values. However, as mentioned 
in the following guidelines, certain snow parameters are influenced 
significantly by geographical conditions. Thus, values of these parameters 
from nearby watersheds should only be used to determine initial values if 
geographical conditions between the watershed being calibrated and the 
nearby watersheds are similar. 

a. PXTEMP. Model calibration studies to date indicate that 33°F 
provides for the best delineation of rain from snow, i.e., 33°F 
and below, precipitation is snow- above 33°F, precipitation is 
rain. Some other ~nvestigators have found that 34°F or even 35°F 
gave the best results. 

b. SCF. The gage catch deficiency correction factor during snowfall 
varies considerably depending on gage exposure, especially the 
effects of exposure on the wind velocity at the gage. Another 
important consideration is whether the gage has a windshield. 
Figure 5-l shows typical gage catch deficiency correction factors 
during snowfall for shielded and unshielded gages as a function of 
wind speed. Although wind speed data at each precipitation gage 
are generally not available, Fig. 5-l should be helpful in deter
mining the initial value of SCE if some information on wind speeds 
over the area and on gage exposures is available. 

c. MEASE. It.is recommended that 32°F be used as the base temperature 
for melt computations during non-rain periods. In some studies 
other base temperatures have been used in an attempt to get a 
better linear relationship between snowmelt and air temperature. 
Results from the watersheds calibrated using this snow model 
indicate that 32°F is a completely adequate base temperature. 

d. UADJ. /Sublimation- condensation measurements during the Snow 
Investigations (1955) at the Central Sierra Snow Laboratory, and 
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at the NOAA-ARS cooperative snow research station near 
Danville, Vermont resulted in nearly identical wind functions. 
The wind function computed from these measurements is: 

f(u) = 0.006 • u, (5.1) 

where: u is wind movement at 1/2 meter above the snow surface in 
miles, and 
f(u) has units of inches/(in. Hg • miles). 

Thus, the initial value of UADJ would be 0 .·oo6 multiplied by the 
average six-hour wind movement in miles at the 1/2 meter level 
during rain on snow events. 

e. MFMAX and MFMIN. As noted in Chapter 3, melt factors change as the 
relationship varies between air temperature and the meteorological 
variables affect~ng heat exchange. Therefore, climatological 
differences and differences in physiographic variables such as 
forest cover, slope, and aspect which affect radiation exchange and 
wind movement will cause one area to have a different melt factor 
than another area. With all other variables held constant, the 
following statements are generally true: 

1. South facing slopes would have a higher melt factor than north 
facing slopes. 

2. Areas where windy conditions prevail generally have a higher 
melt factor than areas where calm conJf.itions prevail (however, 
under conditions of low humidity, sensible heat gain could be 
balanced or exceeded by latent heat loss). 

3. The melt factor increases as forest cover decreases. 

Most of the other variables are so interrelated that it is impos
sible to change one and hold all the others constant (e.g., solar 
radiation cannot be increased significantly without a decrease in 
atmospheric longwave radiation). Thus, it is difficult to make 
general statements about the effect of these variables on the melt 
factor. 

A good initial value of MFMAX and MFMIN can be computed for a few 
areas based on snowpack water-equivalent and temperature data. When 
there is no snowfall during a snowmelt period, the amount of snow
melt can be approximated by the difference in water-equivalent 
measurements. The slope of a plot of the summation of snowmelt 
versus the summation of six-hourly air temperatures above MBASE is 
the melt factor for that snowmelt period. (It should be noted that 
when the area has less than 100 percent areal snow cover that the 
snowmelt values should be adjusted to represent the condition of 100 
percent areal snow cover since the melt factor used in the model 
represents melt over the entire area.) A number of such plots from 
snowmelt. periods occurring at different times during the year and 
from several snow seasons should define good initial values for 
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MFMAX and MFMIN. The main problem with using this method to 
estimate melt factors is that representative water-equivalent 
measurements~ taken at frequent intervals, are made on only a very 
few areas. 

Based on results from the areas tested on the model to date, forest 
cover seems to be the major factor affecting the variability of 
melt factors from one area to another area. Figures 5-2 and 5-3 
show plots of maximum and minimum melt factors versus forest cover 
for the areas on which the model has been tested. These plots 
should be helpful in providing a reasonable initial value for 
parameters MFMAX and MFMIN.when representative water-equivalent data 
are not available. 

f. TIPM. The antecedent temperature index (ATI) is an index to the 
temperature of the surface layer of the snowpack, as discussed in 
section 3.3.2.2. The parameter TIPM indicates the thickness of 
the layer being considered. Values of TIPM less than 0.1 would 
give significant weight to temperatures over the past week or more 
and would thus indicate a deeper layer than TIPM values greater than 
0.5 which would essentially only give weight to temperatures durirrg 
the past day. A brief examination of snowpack temperature and air 
temperature data from the NOAA-ARS cooperative snow research site 
indicates that TIPM = 0.5 would correspond to a three- to six-inch 
surface layer while TIPM = 0.2 would correspond to approximately the 
top 12 inches of the snowpack. 

It is felt that eventually the value of TIPM can be standardized. 
However, a complete analysis of the effect of different values of 
TIPM has not been completed. TIPM = 0.5 has given reasonable 
results on the watersheds tested though there is some indication 
that a lower value may be more appropriate. 

g. NMF. The value of the negative melt factor is a function of the 
climatic conditions that occur over the snowpack when the air 
temperature is below 32°F. The value of NMF is also influenced by 
the density of the surface layer of the snowpack since the thermal 
conductivity of snow is a function of density. In addition, the 
value of the negative melt factor is dependent on the value of TIPM 
since TIPM controls the magnitude of ATI (ATI is an important 
quantity in Eq. 3.15 for calculating the change in heat storage 
during periods when the air temperature is below 32°F). Because of 
the interrelationship between NMF and TIPM it is recommended that 
a reasonable value of TIPM be established based on the guidelines 
suggested previously for parameter TIPM. Then, during model 
calibration only NMF would be allowed to vary. It should be noted 
that the optimization program does not allow TIPM to vary. Only 
parameter NMF can be included in automatic optimization. 

The value of the maximum negative melt factor (NMF) has varied from 
0.003 to 0.00( for the watersheds tested to date. An initial value 
of 0.005 should be satisfactory. 
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h. Areal depletion curve. There are a number. of ways to determine the 
areal depletion curve for a given area. Several methods are listed 
below in order of the· accuracy of the final product. 

1. Determine the areal extent of snow cover over a number of years 
from aerial photographs and the areal water~equivalent from ground 
surveys on a number of days during the snowmelt period. An anal
ysis of such measurements will result in the areal depletion curve. 
Except for a few watersheds, such information is not available nor 
is it generally practicable to obtain such measurements. 

2. Measure the ablation of the snowpack by periodically making water
equivalent measurements at a representative site within each reas
onably homogeneous geographical subarea. The subareas would be 
selected on the basis of elevation, vegetal cover, and aspect. As 
each subarea becomes bare, a point on the areal depletion curve 
could be established since the number of bare areas would be known 
and also the water-equivalent of those areas, where snow remains, 
would be known. Five to ten subareas should be adequate to obtain 
a reasonable estimate of the areal depletion curve. 

3. In many areas the data necessary to use method number 2 for com
puting the areal depletion curve are not available and it would 
not be practicable to obtain water-equivalent data for each homo
geneous subarea. However, in many areas some water-equivalent 
data are available. An approach similar to method 2 could be used 
in such areas by using the available water-equivalent data and by 
subjectively estimating accumulation and melt rates for the other 
subareas. 

If data are not available to compute the shape of the areal depletion 
curve, then the shape of the curve must be arbitrarily selected. The 
same shaped areal depletion curve has been used for all of the water
sheds. tested to date. This curve (shovm in Fig. 3-3) was originally 
computed for the Central Sierra Snow Laboratory using water-equivalent 
data from snow courses and areal snow cover determined from aerial 
photographs. Analysis of similar data indicates that the shape of the 
areal depletion curve for the Upper Columbia Snow Laboratory is essen
tially the same as that for Central Sierra. The same curve was also 
used for the Sleepers River watersheds and the Passumpsic River areas 
for which similar data were not available. Model calibration did not 
indicate that the shape of the areal depletion curve should be altered. 
All of these watersheds are similar with respect to elevation range and 
cover. In addition, the same curve was used successfully for the Rock 
River above Rock Rapids, Iowa. This watershed is an open agricultural 
area with little variation in elevation where during spring melt the 
period from complete snow cover to bare ground is normally only a few 
days. In this case, it was difficult to determine the shape of the 
areal depletion curve accurately by hydrograph simulation. While the 
same shaped curve gave good results on these watersheds, different 
shaped curves would probably be required on areas with different ele
vation ranges and cover configurations. 
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i. SI. The previously mentioned methods of determining the areal 
depletion curve would also indicate the areal water-equivalent above 
which 100 percent snow cover always exists. If one of these 
methods is not used, the following guidelines can be used to 
select an initial value for parameter SI. 

1. If ~he area is very heterogeneous in regard to slope, aspect, and 
vegetal cover, then the initial value of SI should be about the 
same as the maximum water-equivalent that occurs. This is due to 
the fact that in very heterogeneo~s areas there are usually 
places w~ere very little snow accumulates. Thus, these places 
will become bare soon after snowmelt begins. 

2. If the area is more homogeneous~ then the area would remain at 
100 percent cover during the early portion of the snowmelt 
season, thus SI would'be lower than the maximum water-equivalent 
that occurs. In the extreme case of a perfectly homogeneous 
area, such as a point study area, SI would be equal to zero. 

j. PLWHC. Most measurements on "ripe" snow have indicated liquid-water 
retention capacities of less than 10 percent and in most cases on 
the order of two to five percent~ Slush layers may be formed at 
the snow-soil interface or in conjunction with ice layers within the 
snowpack. These slush layers can hold a considerable amount of 
liquid-water. While slush layers form in deep snowpacks, their 
relative effect on the total liquid-water retained is usually small. 
However, in shallow snowpacks sluph layers will inc:~:ease the percent 
liquid-water holding capacity significantly. It is recommended that 
the initial value of PLWHC should be in the range 0.02 to 0.05 for 
areas which normally have deep snowpacks (approximately greater than 
10 inches water-equivalent). The initial value of PLWHC should be 
greater for areas with normally shallow snowpacks, with a value of 
~25 not being unreasonable for an area such as the northcentral 
region of the United States. ' 

k. DAYGM. The following guidelines, based on model testing to date, 
should be sufficient to obtain a reasonable estimate of the daily 
amount of melt at the snow-s·oil interface. 

TABLE 5-1.--Guidelines for determining parameter DAYGM. 

DAYGM (inches) 

o.o 

0 •. 01 

0.02 

Climatic Conditions 

Long cold winters (many days with air 
temperatures below 0°F), and shallow 
snowpacks 

Long cold winters, and deep snowpacks 

Moderate winters (temperatures above 
0°F during most of the snow season), and 
deep snowpacks 
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1. EFC. A reasonable value for EFC can be obtained from a kpowledge 
of the percent of the area covered by forests (usually available 
from topographic maps with a woodland overprint) and the type of 
forests. EFC is not an important parameter in most areas, but does 
influence the volume of snowmelt runoff from forested watersheds. 
The influence is greatest on forest watersheds where snowmelt occurs 
in late spring when evapotranspiration demand is increasing. 

5.4 ADJUSTMENT OF AIR TEMPERATURE DATA WHEN 
FORM OF PRECIPITATION IS IN ERROR 

The determination of model parameters can be severely affected when there 
are large errors in the data used for calibration. Errors in determining 
the form of precipitation can be classified under data errors. Ideally, the 
basic input data to the model would include the form of the precipitation. 
However, information on the form of precipitation for each six-hour period 
is not available. Therefore, since such input data are not available, it is 
necessary for the model to estimate the form of precipitation. As discussed 
in Chapter 3, the estimation of the form of precipitation is based on air 
temperature. The form of precipitation can be correctly estimated in most 
cases using air temperatures measured nea~ the ground surface. However, 
ground level air temperatures are obviously not a perfect index to the form 
of precipitation, th~s there will be times when the model estimation of the 
form of precipitation is in error. These cases should be corrected after 
the initial run of the verification program so that further parameter 
calibration is not affected. 

An examination of the simulated versus observed dis~harge plot will 
indicate those periods during which an error in determining the form of 
precipitation might have a significant effect on model results (e.g., 
if the observed hydrograph shows a sizable response and the simulated 
hydrograph shows no response, this could be a case of rain occurring when 
the model determined that it was snowing). The next step is to examine the 
dwily snow summary printout to determine if precipitation did occur, since 
~he discrepancy could have been the result of an error in estimating the 
amount of snowmelt. In many cases, a significant deviation between model 
response and observed response is sufficient to verify that the form of the 
precipitation is in error. However, especially when the deviation is not 
great enough to make the cause obvious, it becomes necessary to examine 
other available data to determine if the form of precipitation is actually 
in error. Two types of data which are helpful in determining whether the 
form of precipitation is in error and which are usually readily available 
are: 

a. Hourly or three hourly air temperature data from NWS first order 
stations or other recording temperature stations. Experience has 
shown that in most cases when the form of precipitation was in 
error, it was because maximum-minimum air temperature data were 
not sufficient to describe the daily variation in air temperature. 
The assumption of the maximum air temperature occurring in the 
afternoon and the minimum occurring near sunrise is more likely to 
be in error on days with precipitation than on days with no 
precipitation. For example, most of the periods when the form of 
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precipitation was in error for the Passumpsic basin were nighttime 
periods when the model estimated that iv was snowing when actually 
rain was occurring. An examination of hourly temperature records 
revealed that in almost all cases the nighttfme temperatures had 
remained well above 33°F. Minimum temperatures below 33°F had 
occurred during daylight hours on the previous day and/or the fol
lowing day. 

b. Snowfall and snow on the ground data from daily obs~rvation stations. 
Program PRELIM2 (see section 2.4.2) will list snowfall and snow on 
the ground data for all daily observation stations that are selected 
for use in the basin analysis. This information is helpful in 
determining the actual form of the precipitation. 

After determining which periods the form of precipitation is in error, the 
next step is to correct those periods. In some cases, it may be possible 
to correct most of the periods by changing the parameter PXTEMP. To correct 
the remaining periods it is necessary to change the six-hourly mean areal 
air temperature. On the watersheds tested to date, the number of periods for 
which air temperature was changed varied from zero on the Rock River at 
Rock Rapi~s, Iowa to 39 over an eight-year period on the Passumpsic River. 
Appendix G lists a computer program which will transfer data in NWSRFS 
standard tape format from one tape to another tape and change air temperature 
data for selected periods in the process. 

5.5 TRIAL-AND-ERROR CALIBRATION 

Trial-and-error calibration involves subjective manual adjustments to model 
parameters based on specific characteristics of previous simulation results. 
To perform trial-and-error calibration in an effective manner it is necessary 
to know: 1) which displays of simulation results should be examined and 
what to look for, 2) how different types of deviations between simulated and 
observed conditions indicate which parameters need to be changed, and 3) how 
large an adjustment should be made to a parameter to correct an observed 
deficiency in simulation results. Obviously, experience with using the model 
is very helpful in trial-and-error calibration. Even though there is no real 
substitute for experience, hopefully the following suggestions will improve 
the effectiveness of trial-and-error calibration for those who are using the 
model for the first time. 

a. Which displays of simulation results to examine and what to look for. 
The most all inclusive display of simulation results is t~e plot of 
the simulated and observed mean daily discharge. This is the pri
mary display to be analyzed. Displays such as the daily summary of 
snowpack conditions and the monthly summary of soil-moisture 
accounting volumes and variables are helpful in interpreting 
deviations between simulated and observed mean daily discharge. 
Portions of- the statistical summary table should also be examined 
during trial-and-error calibration. The monthly, annual, and flow
interval percent bias columns are the most important statistics to 
examine in terms of determining simulation errors. In addition, 
RMS error, correlation coefficient, and the intercept and slope of 

5 - 8 



the best fit linear regression line between simulated and observed 
daily discharge, ,give an indication as to whether a trial-and-error 
run was an improvement over previous runs. 

The important thing to look for in examining these displays is 
consistent errors. Examples of consistent errors are: 

1. The volume of flow during spring melt is always low. 

2. Discharge is normally too low during the early portion of the 
spring melt period and too high during the later portion. 

3. Mid-winter snowmelt rises are too high. 

4. Low flows are simulated too high and high flows are too low., 

5. Monthly flow volume is low in the spring, slightly high in the 
summer and winter, and quite high during the autumn. 

6. Runoff volume is over-estimated during periods when soil-moisture 
is relatively low and under-estimated during periods when soil
moisture is high. 

7. Peak discharge is low, but the recession limb of the storm 
hydrograph is high. 

When the deviations between simulated and observed discharge are 
reasonably random, then parameter calibration is complete. 

b. How to identify consistent deviations with model parameters. Once 
consistent model errors are identified, the next step is to deter
mine which model parameter or parameters need to be changed to 
correct the error. Two suggestions which may be helpful in this 
regard are: 

1. Try to relate the deviation in the hydrograph to the most 
likely physical cause. Then look at the structure of the model 
to determine which parameter or parameters control the physical 
process that is in error. For example, if the volume of spring 
runoff is low, it may be because the water-equivalent of the 
snowpack prior to melt is too low. An examination of the model 
structure reveals that the water-equivalent of the snowpack prior 
to spring melt is primarily a function of the gage catch 
deficiency correction factor and melt during the accumulation 
season. If there are no significant melt periods during the 
winter or if winter melt periods are simulated with reasonable 
accuracy, then parameter SCF is probably in error. On the other 
hand, if there are a number of mid-winter melt periods, the 
majority of which are simulated much too 'high, then MFMIN and 
MFMAX may be all or partly to blame for the error in the volume 
of spring snowmelt runoff. 
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2. Experiment with the model by varying the value of a single 
parameter and noting the effect on model response. Such experi
ments will indicate under what conditions each parameter affects 
model response and also the characteristics of the change in 
response. Figures 5-4, 5-5~ and 5-6 show the effect of three of 
the most important snow parameters on model response. It should 
be noted that each of these parameters has a unique effect. 

The complicating factor in determining which parameter values should 
be changed is that in most cases not one~ but a number of parameters 
are in error simultaneously. In these situations, it is usually not 
possible to identify all the parameters that should be changed. It 
is recommended that the parameter which is felt to have the largest 
effect on the simulation error be changed first. A hydrologist with 
experience in using a model may change a large number of parameters 
on a single trial-and-error run. However, it is recommended for 
the beginner that the number of changes be kept small. Only the 
value of one parameter should be changed for each major simulation 
error that is identified (e.g., spring volume is too high or melt 
occurs too early in the spring) •. 

In addition to experimenting with model parameters to determine 
their effect on hydrograph response, the sensitivity mode of the 
optimization program can be used to study the magnitude of the 
effect a given parameter has on simulation results. The sensitivity 
mode of the optimization program shows the effect that various 
values of different model parameters have on the evaluation criterion 
(sum of squares of the difference between simulated and observed 
mean daily discharge). This effect can be illustrated by a sensi-
tivity plot. A sensitivity plot is made by establishing a parameter 
set and varying a single parameter holding all other parameters 
constant .. Figures 5-7, 5-8,·and 5-9 show sensitivity plots for the 
six major snow parameters on the Passumpsic River. Two different 
data periods were analyzed to show that the effect of parameter 
variation and the "optimum" magnitude of parameters can be different 
for different data periods. Several points should be noted regarding 
these plots: 

1. The value of one parameter, especially an important parameter, 
can affect the sensitivity plot of other parameters. For 
example, the water-equivalent of the snowpack was under
estimated for the earlier period (12/64- 5/68). To compensate 
for this volume deficiency, the evaluation criterion could be 
improved by retarding melt during the winter, thus holding the 
water in the snowpack until spring. This is why low values of 
parameter MFMIN and high values of parameter NMF caused an 
improvement in the evaluation criterion. This helps show why an 
examination of the plots of mean daily discharge is essential in 
trial-and-error calibration. The output of the 12/64 - 5/68 
sensitivity run might suggest that SCF, MFMIN, and NMF should be 
changed when in reality,the values of MFMIN and NMF are quite 
reasonable and only SCF is in error. 
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2. The snow correction factor, SCF, and the non-rain melt factor 
are the most sensitive and the most important snow parameters. 
SCF is the only snow parameter which has a significant effect 
on the volume of runoff from the snowpack (EFC affects volume 
to a small degree). All the other snow parameters affect the 
timing of the snowpack runoff. Of these, the non-rain melt 
factor is the most important. MFMAX is generally more important 
than MFMIN since most of the 'snowpack runoff occurs after 
March 21 in areas where there is a significant snowmelt contri
bution to runoff. ' 

3. Some parameters are more sensitive to changes in one direction 
than to changes in the other dire~tion. This can be noted in 
the sensitivity plot for parameter SI. 

c. How to determine the magnitude by which to change parameter values. 
Th~re are two basic methods of determining how the magnitude of a 
change in the value of a parameter will affect simulation results. 
Thesehave been mentioned previously since the methods also aid in 
determining which parameters should be changed. The two methods 
are: l) experimentation with the model parameters to determine 
their effect on hydrograph r·esponse, and 2) evaluation of sensi ti vi ty 
plots. Experience has shown that in the early stages of trial-and
error calibration reasonably large changes in parameter values are 
better than small changes. The determination of the optimum value 
of a parameter seems easier if the optimum value is bracketed than 
if the optimum value is approached from one direction. 

Trial-and-error calibration should be applied to the entire data 
period used for the calibration analysis. Initially, one or two 
water years may be sufficient to determine parameter changes. 
However, as the simulation results begin to look reasonable, the 
entire data period should be,included in the analysis. Trial-and
error calibration should be continued until the purpose for which 
tr~al-and-error calibration is being used is accomplished. This 
purpose may be to obtain reasonable initial parameter _values for 
Pattern Search optimization or the purpose may be the complete 
calibration of the watershed. Sections 5.6 and 5.7 include a 
discussion of the uses of trial-and-error calibration in conjunction 
with Pattern Search optimization for determining model parameter 
values for a· given watershed. 

5.6 PATTERN SEARCH OPTIMIZATION 

5.6.1 INTRODUCTION 

It is obvious that a conceptual hydrologic model can be calibrated solely 
by a trial-and-error procedure. However, there are two disadvantages of 
trial-aJ?,d-error calibration: l) the effectiveness of the procedure is 
largely determined by the amount of experience that the person who is per
forming the calibration has with the model, and 2) the number of man-hours 
needed to analyze simulation results to determine parameter changes is 
generally large. An automatic optimization technique would overcome these 
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disadvantages. However, besides requlrlng relatively large amounts of 
computer time as compared to trial-and-error calibration, automatic 
optimization techniques have disadvantages of their own. These include: 

a. Parameter adjustments are based on a single criterion of model 
performance. 

b. ·A sub-optimum set of parameter values can be calculated as a result 
of poorly selected starting values. 

c. Interrelationships between model parameters can·cause: 1) the 
solution to converge slowly to the optimum, 2) parameter values to 
be distorted, and 3) optimum parameter combinations, but unrealistic 
values of individual parameters to be calculated. 

In addition, because of the computer time necessary, there is usually a 
practical limit on the period that can be analyzed by automatic optimization 
techniques. The procedure recommended £or use with the NWSRFS uses trial
and-error in the.initial stages of calibr~tion to minimize most of the 
disadvantages of automatic optimization. Automatic optimization using the 
direct search technique, Pattern Search~ is then used to minimize the 
disadvantages of ~rial-and-error calibration. 

5.6.2 MINIMIZING THE DISADVANTAGES OF PATTERN SEARCH 

The following disadvantages of Pattern Search optimization can be minimized 
by the proper use of trial-and-error calibration. 

a. Poor selection of starting values. The main reason for using trial
and-error calibration prior to Pattern Search optimization is to 
insure a reasonable set of starting parameter values. Trial-and
error calibration should always be continued until a set of para
meter values is obtained which will produce a simulated mean daily 
discharge plot which resembles the actual mean daily discharge 
plot. 

b. Effect of interrelationships between parameters. There are several 
difficulties that can arise during Pattern Search optimization 
because of interrelationships between parameters. These difficulties 
include: 

lfi When one parameter is not at its optimum value, other parameter 
values can be distorted. This is especially true when the para
meter, which is not at the optimum, is a very important parameter. 
Table 5-2 illustrates how Pattern Search optimization can distort 
parameter values. The final parameter values based on eight years 
of data are: SCF = 1.1, MFMAX = 0.022, and NMF = 0.003. When SCF 
is set to 1.4 and not included in the optimization, the values of 
MFMAX and NMF are distorted. When all three parameters are 
optimized, the value of NMF is still distorted because NMF has 
only a minor effect on the evaluation criterion compared to SCF 
and MFMAX. 
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2. The solution may converge slowly to the optimum. This effect ie 
also illustrated by Table 5-2. The value of SCF converges slowly 
to the optimum when all tnree parameters are included, partly 
because of the interrelationship between SCF.and MFMAX. The value 
of MFMAX increases at first to compensate for the high starting 
value of SCF. As SCF approaches its optimum value, the value 
of MFMAX reverses direction and returns. to its optimum. The 
value of SCF converges more rapidly to th~ _optimum when qnly SCF 
is included in the optimization. 

3. If severa~ parameters have much tne same effect upon the trans
formation of the input data into the output hydrograph; Pattern 
Search will seek the optimum parameter combination. This can 
lead to satisfactory model performance, but physically unreal
istic parameter values. Examples of this case are the parameters 
CC and LIRC6, which control the volume and timing of interflow, 
and the time-delay histogram and the parameter KSl, which deter
mine the channel response function in the NWSRFS (these para
meters are defined in chapter 4 and chapter 5 of HYDR0-~4). A 
large volume of interflow and significant attenuation within 
the channel system have a Slmilar effect on the output hydro
graph. 

Table 5-2.--Effect of including different 
parameter combinations in Pattern Search optimization. 

Passumpsic River 12/69 6/71 
' - . 

=>arameter Value 
Case Run No. SCF MFMAX NMF 

All three l 1.40 0.022 0.0030 
parameters 15 1.27 0.028 0.0017 
included 30 1.02 0.027 o.uoo4 

47 1.11 0.022 0.0009 

MFMAX and 1 1.40 0.022 0.0030 
NMF optimized 31 0.026 0.0003 

Only SCF 1 1.40 0.022 0.0030 
optimized 13 1.11 

Evaluation 
Criterion 
X 108 

2.20 
.87 
.63 
.34 

2.20 
1.54 

2.20 
.38 

To avoid some of the difficulties caused by interrelatibnships 
between parameters, the number of parameters which are inc~uded in 
Pattern Search optimization shou~d be kept to a mlnimum. Especially 
those parameters whicn have only a minor effect on the evaluation 
criterion should not be included in Pattern Search optimization. To 
keep the numb~r of parameters which are included in Pattern Search 
optimlzation t'o a minimum, the value of as many parameters as 
possible should be determined in advance. Parameter values can be 
determined by: 

1. An analysis of the observed discharge hydrograph. Soi~-moisture 

accounting parameters LKK6, A, EPXM, LIRC9, and KGS, plus the 
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channel response function can generally be determined by 
hydrograph analysis. 

2. The value of a number of parameters can be determined adequately 
by physical considerations. This includes snow parameters 
PXTEMP, MEASE, TIPM, EFC, and the shape of the areal depletion 
curve plus soil-moisture accounting parameters Kl, GAGEPE, 
K24EL, and SRCl. 

3. The value of parameters which have a minor effect on the 
evaluation criterion can be determined through trial-and-error 
calibration by examining only those periods when the parameter 
is important. The evaluation criteria ~sed in Pattern Search 
optimization is affected mainly by parameters which control 
high flow periods and parameters which control the majority of 
the events. 

A number of snow model parameters have been purposely excluded 
from Pattern Search optimization because of the difficulties caused 
by interrelationships between parameters. The parameters PXTEMP, 
MEASE, TIPM, EFC, and the shape of the areal depletion curve must 
be determined prior to Pattern Search optimization. In addition, 
adequate final values for parameters NMF, PLWHC~ and DAYGM should 
be able to be obtained from trial-and-error calibration. This 
leaves five snow model parameters which could be included in 
Pattern Search optimization. These parameters are SCF, MFMAX~ 
MFMIN, UADJ, and SI. 

c. Analysis of a limited data period. In order to get realistic and 
stable parameter values, the data period being analyzed by Pattern 
Search optimization should contain a variety of typical hydrologic 
conditions which can occur over the watershed (e.g., periods of 
high soil-moisture and periods of low soil-moisture, high flows and 
low flows, relatively large snowpacks and relatively small snowpacks, 
mid-winter melt events and rain on snow events, as well·as spring 
snowmelt). In addition, there should be a reasonably large number 
of events so that plus-and-minus data errors would tend to balance 
each other. Also in regard to the snow model, it is important to 
include many days of snowmelt so that the melt factors will not be 
based on a limited number of climatic conditions. The optimization 
computer program (NWSRFS) limits the period that can be analyzed 
by Pattern Search optimization to 50 months. A 50-month period can 
generally be found which contains sufficient hydrologic variety plus 
reasonably unbiased data errors and climatic conditions. Trial-and
error calibration should be quite helpful in the selection of a data 
period for Pattern Search optimization. This is true, since many of 
the factors which determine period selection are examined closely 
when analyzing the hydrograph to determine parameter changes during 
trial-and-error calibration. 

It should be noted that in some watersheds it is impossible to find 
a 50-month period which has en~ugh hydrologic variety plus unbiased 
data errors and climatic conditions. An example of such a watershed 
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is the Rock River at Rock Rapids, Iowa. There were four significant 
snowmelt rises, each of short duration, in the ten-year period 
being analyzed. In addition, there were two significant rises caused 
by rain. Only three of the significant rises in the hydrograph 
occurred in any 50-month period. In this case, Pattern Search 
optimization was not an effective tool for parameter calibration, 
thus the calibration was performed solely by trial-and-error. 

5.6.3 ADDITIONAL COMMENTS OF THE USE OF 
PATTERN SEARCH OPTIMIZATION 

The previous section discussed several things that could be done to improve 
the effectiveness of Pattern Search optimization for use in ~he calibration 
of a conceptual hydrologic model. The three major recommendations were: 

a. Reasonable starting values should be determined for all model 
parameters that are to be included in Pattern Search optimization. 

b. The number of parameters included in Pattern Search optimization 
should be kept to a minimum. Parameters which have a small effect 
on the evaluation criterion should not be included. As many 
parameters as possible should be determined by physical considerations, 
by hydrograph analysis, and by trial-and-error calibration before 
using Pattern Search opt.Jmization. 

c. The data period sele·cted for analysis with Pattern Search optimiza
tion should contain as much hydrologic variety as possible. The 
period should also contain reasonably unbiased data errors and 
climatic conditions. 

Several other comments regarding the use of Pattern Search optimization and 
the optimization computer program (NWSRFS3) which may be helpful are: 

a. The optimization program contains a provision that selected periods 
can be removed from the calculation of the evaluation criterion. 
Thus, the parameter values will be based only on the remaining 
periods. This provision can be used to an advantage in some water
sheds where snow is included. Soil-moisture accounting and channel 
routing parameters could first be optimized by removing all periods 
when snow is a factor. Then the snow parameters could be optimized 
by using only those periods when snow influenced the hydrograph. 
Obviously, this procedure is of no value in areas where snow is a 
factor in almost all significant rises of the hydrograph. The 
procedure of optimizing soil-moisture accounting and channel 
routing parameters on one run and snow parameters on the next run 
is ideally suited to the transitional zones where snowmelt is not 
the major source of runoff. 

b. The input for the optimization program specifies that upper and lower 
constraints be provided for each parameter. The purpose of having 
constraints is to insure that·physically unrealistic parameter 
values are not calculated by Pattern Search optimization. 
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c. The purpose of Pattern Search optimization is to assist in the 
determination of realistic parameter values which produce reason-
able simulation results. These parameter values will then be used 
~o predict hydrographs in the future. It is not the purpose of 
Pattern Search optimization to make slight adjustments to parameter 
values in order to get the best possible RMS error. The future is 
not going to be exactly like th~ past. Figs. 5-7~ 5-8, and 5-9 
indicate that the analysis of different periods will give different 
parameter values. Therefore, there ·is no reason to expect that after 
reasonable simulation 'results have been obtained that further slight 
aa.justments.: to parameter values will improve future streamflow forecasts. 

d. It is suggested that the maximura number of runs (MAXN, see card 21 
of input summary- appendix E) of the optimization program~e set 
equal to approximately t,en times the number of parameters that 
are included in Pattern Search optimization . 
. 

e. The "best" parameter values as determined by Pattern Search optimi-
zation are not necessarily those which give the lowest value of the 
evaluation criterion. The mean discharge column also should be· 
examined. In some cases, a large'flow bias can exist when the 
evaluation criterion is at .. its lowest value. A large bias is not 
desirable. 

5.7 ANALYSIS OF THE CALIBRATION RESULTS 

After finishing the initial trial-and-error calibration and the first use 
of Pattern Search optimization, the results need to be analyzed to determine 
if parameter calibration is complete or if further trial-and-error calibration 
and possibly further Pattern Search optimization are necessary. The first 
step is to run the entire data period, using the verification program~ with 
the parameter changes determined by Pattern Search optimization. If an 
analysis of the estimated and observed mean daily flow plots and an exa..mina
tion of the statistical summary indicates that the errors seem to be 
reasonably random, then the calibration is complete. If consistent errors 
still remain, then further trial-and-error calibration and pos.sibly further 
Pattern Search optimization are needed to try to eliminate or reduce these 
errors. 

Listed below are some possible reasons for consistent errors still remalnlng 
after the initial trial-and-error calibration anci the first use of Pattern 
Search optimization: 

a. Important model parameter or parameters may not have been corrected 
properly during trial-and-error calibration nor included in Pattern 
Search optimization. 

b. The period used for Pattern Search optimization may not be repre
sentative of the entire data period. 
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c. The channel response function may not be adequate to describe 
properly the response of the channel over the entire range of 
discharge. Variable Lag and/or variable K may need to be included. 

d. There may be deficiencies in the conceptual model. For example, 
the effect of frozen ground and other temperature related phenomena 
which affect the movement and retention of water in soil are not 
included in the soil-moisture accounting model. Consistent errors 
will result when phenomena occur which are not included in the 
conceptual model or which are not modeled satisfactorily. Further 
calibration will not correct these deficiencies. 

5.8 OTHER CALIBRATION CONSIDERATIONS 

5.8.1 USE OF ELEVATION ZONES 

The computation of snowmelt and the form of precipitation is based on mean 
areal temperature in the snow accumulation and ablation model. Snowmelt is 
either assumed to be occurring over the entire area or no snowmelt is assumed 
to be occurring anywhere in the area. 'Also~ either all the precipitation is 
assumed to be ra~n.or it is all assumed to be snow. In addition, as the 
areal extent of the snowpack is depleted in a mountainous area, the mean 
areal temperature is no longer the same as the mean temperature over the snow 
covered area. The use of meari areal temperature to estimate snowmelt and the 
form of precipitation can result in errors. Simulation errors in the 
computation of snowmelt will occur primarily during-the early portion of the 
snowmelt season when melt occurs only at low elevations and late in the snow
melt season when only the high elevations are covered with snow. The estima
tion of the form of precipitation will cause simulation errors during periods 
when rain is occurring at low elevations and snow is occurring at high 
elevations. Such simulation errors will be unimportant when the elevation 
range of the area is small, but increase in importance as the elevation range 
increases. To reduce these simulation errors, the elevation range needs to 
be reduced. The elevation range can be reduced by dividing the watershed 
into subareas based on elevation (elevation zones). Based on the watersheds 
tested to date with the snow model, it is not possible to give specific 
guidelines as to when elevation zones should be used. For the Passumpsic 
River, the RMS error was improved by about six percent and the correlation 
coefficient by about one percent when two elevation zones were used. The 
Passumpsic River has an elevation range of 1500 feet over 90 percent of the 
area (discounting the lower and upper five percent of the area - elevation 
range is· 2900 feet for the entire area).·' The same parameter values that were 
used for the total area were used for each subarea except for SI (SI varied 
between areas since the amount of water equivalent varies). None of the 
other watersheds were modeled using elevation zones. 

In addition to improving simulation results because of more representative 
air temperature data, improvements also may be possible through the use of 
different parameter values for each elevation zone. Since physiographic and 
climatic conditions vary with elevation, it would seem logical that model 
parameters also should vary. Simulation results can be improved by varying 
parameter values between elevation zones. However, unless care is exercised, 
the improvements may be at the expense of unrealistic parameter values. As 
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mentioned previously, a slight improvement in simulation results does not 
insure that the future can be predicted with gr~ater accuracy. Several 
suggestions which may be helpful if_parameter value~ are varied between 
elevation zones are: 

a. In a large watershed with several elevation zones, it may be possible 
that there are some small gaged areas w4~ch lie within .a single 
elevation zone. Calibration of these small areas will provide a 
good estimate of the parameter values for the elevation zone, as 
long as physiographic conditions are similar between the small 
gaged area and the rest of the elevation·zone. 

b. The simulated snowpack water-equivalent for each elevation zone 
should be compared with available water-equivalent measurements to 
insure that the simulation of the snowpack is reasonable. 

c. Differences in parameter values between elevation zones should be 
physically realistic. 

5.8.2 EFFECT OF THE PRECIPITATION NETWORK 
ON THE SNOW CORRECTION FACTOR 

In many cases, the precipitation network used in model calibration is 
different from the network used for operational river forecasting. Many 
stations are included in the published climatological network which do not 
report to a River Forecast Center. On the other hand, stations report 'to a 
River Forecast Center, but their precipitation data are not published as part 
of the climatological network. Results to date indicate that the most stable 
and realistic parameter values can be obtained when as much data as possible 
are included in the parameter calibration analysis. Because of data retrieval 
problems, it is generally not feasible to include stations which are not part 
of the published climatological network in the calibration analysis. 
Parameter values obtained during the calibration analysis are applicable to 
the operational 'data network as long as there is no bias between the data 
values obtained from the two networks. If there is no bias, the differences 
in simulation results from the two networks will be random. 

The snow correction factor is an indication of the catch deficiencies during 
snowfall of the individual gages which makeup the precipitation data network. 
Thus, the snow correction factor for one precipitation data network probably 
will be different than that for another. Two possible methods for determining 
the snow correction factor for the operational precipitation network are: 

a. The snow correction factor, SCF, could be determined for the opera
tional precipitation network by trial-and-error calibration and 
Pattern Search optimization if all the stations included in the 
operatio~al network are also part of the climatological network. In 
this case, mean areal precipitation would be recomputed using only 
those stations which are in the operational network. · 

b. The snow correction factor for the operational precipitation network 
(SCFH) could be computed as 
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where: 

(5.2) 

RCIH is the ratio of mean areal precipitation during snow
fa1I of the climatological network compared to the operational 
network, and 
SCFC is the snow correction factor for the climatological 
precipitation network. 

In this case, all the stations in the operational. hydrologic network 
do not have to be part of the climatological network. 

The number of stations actually reporting during any time period would not 
affect the value of the snow correction factor. Missing precipitation data 
would be estimated from those stations which do report based on predetermined 
inter-station relationships. These relationships might include storm type, 
form of precipitation, and wind speed. 

It should be noted that in addition to adjusting the snow correction factor, 
network effects on rainfall amounts and air temperature also must be considered 
so that the operational data network will not bias the simulation results. 
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Washington, D.C., April 17-21, 1972, 18 pp. 

"Lysimeter Studies of Snow Melt," Snow Investigations Research Note No. 25, 
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Ael PROGRAM PRELIM! - HOURLY PRECIPITATION DATA 

PROGRAM PRELIM1CINPUTtOUTPUTtTAPEltTAPE2) 
********************************~*********************************************** 
C PROGRAM TO PERFORM PRELIMINARY DATA PROCESSING OF HOURLY 
C PRECIPITATION FOR MBP.PROGRA~. FOR USE IN MOUNTAIN AREAS. 
******************************************************************************** 
**********************************************.***********~********************** 
C CARD NO~ FORMAT CONTENTS , 
******************************************************************************** 
C 1 I5 NUMBER OF STATIONS C75 MAX> 
C 15 INITIAL MONTH 
C 15 INITIAL YEAR (2 DIGITS> 
C I5 FINAL MONTH 
C I5 FINAL YEAR 
C 15 NUMBER OF INPUT NCC-NWSRFS TAPES 
******************************************************************************** c 2 8A10 .TAPE LABELS OF EACH NCC-NWSRFS INPUT TAPE. (16 MAX). 
******************************************************************************** 
C ***NOTE*** REPEAT CARD 3 FOR EACH STATION 
C 3 5A4 STATION NAME 
C 15 NWS STATE NUMBER 
C 15 NWS STATION NUMBER 
******************************************************************************** 
******************************************************************************** 

DIMENSION LASTDAC2t12ltHTAPEC16ltPXNAMEC75t5),NWSSTC75)tNWSSTA 
1C75),EC240ltDATAC31ltNDC12ltDSUMC12)tPXC50,12) 

DATA LASTDA/3lt3lt28t29t3lt3lt30,30,3lt3lt30t30t3lt3lt3lt3lt30t30 
lt3lt3lt30t30t3l93l/ 

LFTD=5LTAPE2 
READ lOOOtNSTAtiMOtiYRtLMOtLYRtNT 

1000 FORMAT (16I5) 
READ 1003tCHTAPE<I>ti=ltNT> 

1003 FORMATC8Al0) 
DO 100 IRG=ltNSTA 
READ 1001tCPXNAMECIRGtlltl=lt5),NWSSTCIRG),NWSSTACIRG) 

1001 FORMATC5A4t215) 
100 CONTINUE 

IRG=l 
NBMO=IYR*12+IMO 
NEMO=LYR*12+LMO 
NYRS=LYR-IYR+l 
NTAPE=l 
REWIND 1 
REWIND 2 

******************************************************************************** 
105 DO 101 MO=ltl2 

NDCMOJ=O 
DSUMCMO)=OeO 

101 CONTINUE 
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DO 102 I=l,NYRS 
DO 102 M0=1,12 
PX(J,M0)=999.99 

102 CONTINUE 
PRINT 1002,(PXNAMECIRG,I),I=l,5),NWSSTCIRG),NWSSTACIRG),IMO,IYR, 

1LMO,LYR 
1002 FORMATC1Hl,lOX,16HDATA SUMMARY FOR,1X,5A4,3X,I2,1H-,I4,rX, 

114HFOR THE PERIOD,I3,1H/,I2,1X,7HTHROUGH,I3,1H/,I2l 
IDSTA=NWSSTACIRG) 
ISTATE=NWSST<IRG) 
MONUM=1 
'MTDB=O 
IFCIRGeGTell GO TO 113 

110 BUFFER INC2,0lCEfl),Ef240)) 
IF CUNITC2llll2,111,112 

111 IF <NTAPE.EQ.NTl GO TO 200 
CALL CHANGER <LFTD,HTAPECNTAPE),HTAPECNTAPE+1),1) 
NTAPE=NTAPE+1 
REWIND 2 
GO TO 110 

112 DECODE<10tl004,Ef1))!ST,ICS,ICYRtiCMO 
1004 FORMAT <I2,I4,2I2l 

113 IF CCICS.EQ.IDSTA}eAND.CIST.EQ.ISTATEll GO TO 120 
IF CMONUM.EQ.1) GO TO 110 
GO TO 200 

120 NCMO=ICYR*l2+ICMQ 
IF fCNCMOeLT.NBMOleOR.CNCMO.GT.NEMO)) GO TO 110 

C FOUND MONTH AT STATION WITHIN SELECTED PERIO~ 
MONUM=MONUM+1 
NYR=ICYR-IYR+l 
LY=O 
IF CCICYR-4*CICYR/4)l.EQ.O) LY=l 
LAST=LASTDACCLY+1ltiCM0) 
BU~FER OUT <l,OlCE<lltEC240)) 
IF<UNITC1)) 121,121,121 

C PRECIPITATION 
121 DECODE<l27,1005tEC225>><DATACI),I=1,31l 

1005 FORMAT <2X,31F4e2) 
MTDE=O 
SUM=OeO 
DO 122 ID=l,LAST 
IF <DATA<ID>.GT.99e985) GO TO 130 
IF <DATACID>.GT.99e975l GO TO 123 
SUM=SUM+DATACID) 
MTDE=O 
GO TO 122 

123 MTDE=1 
122 CONTINUE 

IF <CMTDB.EQ.lleOR.CMTDE.EGel)) GO TO 124 
PXCNYR,ICMOl=SUM 
DSUMCICMO>=DSUMCICMO>+SUM 
NDCICMOl=NDCICMOl+1 

124 MTDB=MTDE 
GO TO 110 
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130 IF <DATA<LASTleEOe99o98) MTDB=1 
GO TO 110 

C END OF MONTHLY COMPUTATIONS 
******************************************************************************** 
******************************************************************************** 
C PRINT STATION SUMMARY 

200 YSUM=OeO 
DO 201 MO=l,12 
IF CNDCMO)eEG.O> GO TO 201 
DSUMCMO):DSUM(MQ)/ND<MO) 
YSUM=YSUM+DSUMCMOJ 

201 CONTINUE 
PRINT 2000 

2000 FORMAT ClHOt40Xt26HSTATION SUMMARY FOR PERIOD) 
PRINT 2009tCMOtMO=ltl2) 

2009 FORMAT <1H0,25HPRECIPITATION YEAR/MONTH,5Xtl2I7t11Xt5HTOTALl 
DO 210 I=l,NYRS 
SUM=OoO 
DO 211 M0=1tl2 

211 SUM=SUM+PX(I,MO) 
IF CSUMeGTo900eOl SUM=999o99 
NYR=IYR+I-1 
PRINT 2010tNYRt(PXC!tMO)tMO=lt12)tSUM 

2010 FORMAT ClH tl8Xt2Hl9,I2t8Xtl2F7e2t8XtF8o2) 
210 CONTINUE 

PRINT 200lt(M0tMO=lt12) 
2001 FORMAT (lHOt20Xt5HMONTHt5Xtl2!7t2Xtl6HANNUAL AVE/TOTAL) 

PRINT 2002tCNDCMO)tMO=ltl2) 
2002 FORMAT ClH tl6HNUMBER OF MONTHSt14Xt12I7) 

PRINT 2003t(DSUMCMOl,M0=1tl2JtYSUM 
2003 FORMAT ClH t29HAVERAGE MONTHLY PRECIPITATIONtlXt12F7o2t8XtF8e2) 

IF CIRGeEOeNSTA) GO TO 299 
IRG=IRG+l 
GO TO 105 

******************************************************************************·** 
299 CONTINUE 

STOP 
END 
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A.2 PROGRAM PRELIM2 - DAILY OBSERVATIONS 

PROGRAM PRELIM2CINPUT,OUTPUT,TAPE1tTAPE2l 
******************************************************************************** 
C PROGRAM TO PERFORM PRELIMINARY DATA PROCESSING OF DAILY OBSERVATIONS 
C FOR MBP AND MBT PROGRAMS. FOR USE IN 
C MOUNTAIN AREAS OR AREAS WHERE SNOW IS 
C TO BE INCLUDED. 
******************************************************************************** 
******************************************************************************** 
C CARD NO. FORMAT CONTENTS 
******************************************************************************** 
c 1 I5 NUMBER OF STATIONS (75 MAXl 
c I5 INITIAL MONTH 
c 15 INITIAL YEAR (2 DIGITS) 
c I5 FINAL MONTH 
c I5 FINAL YEAR 
c I5 NUMBER OF INPUT NCC-NWSRFS TAPES 
******************************************************************************** 
C 2 8Al0 TAPE LABELS OF EACH NCC-NWSRFS INPUT TAPE. (16 MAX} 
******************************************************************************** 
C ***NOTE*** REPEAT CARD 3 FOR EACH STATION 
C 3 5A4 STATION NAME 
C I5 NWS STATE NUMBER 
C I5 NWS STATION NUMBER 
C I5 =1 TEMPERATURE AVAILABLE, =0 NO 
C I5 =1 WATER EQUIVALENT OF SNOW AVAILABLE, =0 NO 
C I5 =1 EVAPORATION DATA AVAILABLEt =0 NO 
******************************************************************************** 
******************************************************************************** 

DIMENSION LASTDAC2tl2l,DTAPEC16ltPXNAMEC75t5)tNWSSTC75)tNWSSTA 
1<75)tiTC75lt!WE(75l,IEC75),NDC5t12l,DSUM(5,12),E{96),DATA<31lt 
2SF<3ll,SOG<31ltWEC3lltYSUM(5),PX(50tl2) 

DATA LASTDA/3lt3lt28,29,31,3lt30,30,31,3lt30t30,3i,31'31'31t30t30 
lt31,31t30t30t31,31/ 

LFTD=5LTAPE2 
READ lOOOtNSTAtiMOtiYRtLMOtLYRtNT 

1000 FORMAT<16I5> 
READ 1003t<DTAPE<I>,I=1tNT> 

1003 FORMATC8A10l 
DO 100 IRG=ltNSTA 
READ 1001t<PXNAMECIRGtilti=1t5)tNWSSTCIRGltNWSSTA<IRGltiT<IRGlt 

liWE<IRGltiECIRG> 
1001 FORMATC5A4t5!5) 

100 CONTINUE 
IRG=l 
NBMO=IYR*l2+IMO 
NEMO=LYR*12+LMO 
NYRS=LYR-IYR+l 
NTAPE=l 
REWIND 1 
REWIND 2 

*************************************************************•~***************** 
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105 DO 101 1=1,5 
DO 101 M0=1t12 
NDCitMO>=O 
DSUMCJ,MO>=O.O 

101 CONTINUE 
DO 102 I=ltNYRS 
DO 102 MO=lt12 
PXCI,M0)=999e99 

102 CONTINUE 
PRINT 1002tCPXNAME<IRGtllti=lt5ltNWSSTCIRGJ,NWSSTACIRG)tlMOtiYRt 

lLMOtLYR 
1002 FORMAT<1Hltl0Xtl6HDATA SUMMARY FORtlXt5A4t3Xti2t1H-,I4tlXt 

114HFOR THE PERIOD,I3,1H/,I2tlXt7HTHROUGH,I3tlH/tl2) 
IOSTA=NWSSTACIRG> 
ISTATE=NWSST<IRG) 
MONUM=1 
MTDB=O 
NEDW=O 
NEDE=O 
IF<IRG.GTe1) GO TO 113 

110 BUFFER INC2t0)CEC1ltEC96)) 
IF CUNITC2lll12tlllt112 

111 IF CNTAPE.EQ.NT> GO TO 200 
CALL CHANGER CLFTDtDTAPECNTAPEltDTAPECNTAPE+lltl) 
NTAPE=NTAPE+l 
REWIND 2 
GO TO 110 

112 DECODE<10tl004tECI>>IST,ICStiCYRtiCMO 
1004 FORMAT CI2tl4t2!2) 

113 IF <<ICS.EQ.IDSTA>.ANDeCIST.EQ.ISTATE>> GO TO 120 
IF (MONUM.EQ.1) GO TO 110 
GO TO 200 

120 NCMO=ICYR*12+ICMO 
IF C<NCMO.LT.NBMO>.OR.CNCMOeGT.NEMOll GO TO 110 

C FOUND MONTH AT STATION WITHIN SELECTED PERIOD 
MONUM=MONUM+l 
NYR=ICYR-IYR+l 
LY=O 
IF CCICYR-4*CICYR/4)).EQ.O) LY=l 
LAST=LASTDACCLY+lltiCMO> 
BUFFER OUT C !tO) CEC 1) tEC96)) 
IFCUNITC!)) 12lt121tl21 

C PRECIPITATION 
121 DECODEC124tl005tEC2)}(0ATACilti=lt31l 

1005 FORMAT C31F4.2) 
MTDE=O 
SUM=OeO 
DO 122 ID=ltLAST 
IF CDATACIDleGT.99.985J GO TO 129 
IF CDATACIDJ.GT.99e975> GO TO 123 
SUM=SUM+DATACID> 
MTDE=O 
GO TO 122 

123 MTDE=l 



122 CONTINUE 
IF CCMTDB.EQ.lloORo(MTDE.EQ&l)) GO TO 124 
PXCNYRtiCMOl=SUM 
DSUMCl,ICMO>=DSUMCltiCMO>+SUM 
NDCltiCMOl=NDC1tiCM0)+1 

124 MTDB=MTDE 
GO TO 130 

129 IF CDATACLAST)oEQ.99o98) MTbB=l 
130 IF fiT<IRGloEQ.O) GO.TO 140 

C MAXIMUM TEMPERATURE 
DECODE C97,1006tEC14))CDATA(I)ti=Lt31) 

1006 FORMAT<4Xt31F3e0) 
DO 131 ID=ltLAST 
IF CDATACIDl.GTo300o0) GO TO 131 
DSUMC2tiCMO>=DSUMC2tiCMO)+DATACIDl-100oO 
NDC2tiCMO)=NDC2tiCM0)+1 

131 CONTINUE 
C MINIMUM TEMPERATURE 

DECODE <100t100~tEC23))CDATACI)t!=lt3ll 
1007 FORMAT C7Xt31F3.0> 

DO 132 ID=ltLAST 
IF CDATA<ID) •. GT.300o0) GO TO 132 
DSUMC3tiCMO>=DSUMC3tiCMO)+DATA<IDl-10Qe0 
NDC3,JCMO>=NDC3tiCMOl+l . 

132 CONTINUE 
C SNOWFALL 

140 DECODE C65t1008tEC42))(DATA(I)ti=1t31) 
1008 FORMAT C3Xt31F2o0) 

NS=l 
DO 141 ID=1tLAST 
SFC ID>=DATAC ID) 
IF CNS.EQ.O) GO TO. 141 
IF •CDATfdiDl.GT.97.5) GO TO 141 
IF CDATACID).LT.0.5) GO TO 141 
NS=O 

141 CONTINUE 
C SNOW ON GROUND 

DECODE C98t1009tEC48>><DATACI)ti=1t31) 
1009 FORMAT C5Xt31F3o0) 

DO 142 ID=I,LAST 
SOG C I D) =DATA ( I D) 
IF CNSoEGoO) GO TO 142 
IF CDATACIDloGT.998.5) G6 TO 142 
IF CDATACID>.LToOo5l GO TO 142 
NS=O 

142 CONTINUE 
IF CNSoEGol) GO TO iso 
IF CIWECIRGloEQ.O) GO TO 145 

C WATER EQUIVALENT 
DECODEC10lt1010tEC57)l(WECI)ti=lt31) 

1010 FORMAT C8Xt31F3.1) 
C PRINT OUT SNOW DATA FOR MONTH IF ANY AVAILABLE 

145 PRINT 1011tiCMO,ICYR,CID,ID=1,16) 
1011 FORMAT (1HO,J2,1H/,J2,20X,16I6) 
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PRINT 1012tCSFCIDltiD=l,l6) 
1012 FORMAT ClH ,5X,8HSNOWFALL,12~t16F6e0) 

PRINT 1013,CSOGCIDltYD=l,16) 
1013 FORMAT <lH ,5Xtl4HSNOW ON GROUNDt6Xtl6F6.0) 

IFCIWECIRG>.EQellPRINT 1014tCWECIDl,ID=1,16l 
1014 FORMAT ClH ,5X,16HWATER EQUIVALENT,4Xtl6F6e1) 

PRINT 1015,CID,ID=l7tLASTl 
1015 FORMAT ClH ,25X,l5I6l 

PRINT 1012tCSFCIDltiD=17,LAST) 
PRINT 1013,CSOGCID>,ID=l7,LAST> 
IF CIWECIRG!.EGell PRINT 1014,CWECIDltiD=l7,LASTl 

150 IF CIECIRGleEGeOl GO TO 110 
C WIND MOVEMENT 

DECODE C125,1016,EC67llCDATACI),!=1t31) 
1016 FORMATC1X,31F4e0) 

DAYSW=O.O 
SUM=O.O 
DO 151 ID=l,LAST 
IFCDATACYDleGTe9998o5l GO TO 153 
IF CDATA<ID>.GT.9997e5l GO TO 152 
SUM=SUM+DATACIDl 
DAYSW=DAYSW+NEDW+leO 

153 NEDW=O 
GO TO lSl 

152 NEDW=NEDW+l 
151 CONTINUE 

TW=O.O 
IF CDAYSWeLT.Oe5l GO TO 155 
TW=SUM*CLAST/DAYSWl 
DSUMC5,ICM0l=DSUMC5tiCMO)+SUM 
NDAYS=DAYSW+Oe5 
NDC5,!CMOl=NDC5tiCMOl+NDAYS 

C EVAPORATION 
155 DECODE C98,1017,EC79)l(DATACI>,I=lt31l 

101? FORMAT C5X,31F3e2) 
DAYSE=O.O 
SUM=OeO 
DO 156 ID=1,LAST 
IF CDATACIDleGT.9.985) GO TO 158 
IF CDATAC!DleGTe9e975l GO TO 157 
SUM=SUM+DATACIDl 
DAYSE=DAYSE+NEDE+leO 

158 NEDE=O 
GO TO 156 

157 NEDE=NEDE+l 
156 CONTINUE 

AVE=OoO 
TE=O.O 
IF CDAYSEeLT.Oe5l GO TO 110 
AVE=SUM/DAYSE 
TE=SUM*CLAST/DAYSE) 
DSUM (4,ICMO>=DSUMC4,ICM0l+SUM 
NDAYS=DAYSE+Oe5 
ND C4tiCMOl=NDC4,ICMO>+NDAYS 
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160 PRINT 1018tiCMOtiCYRtNDAYStAVEtTE 
1018 FORMAT<lH t!2tlH/tl2t3Xt14HEVAPORATION---,5HDAYS=tY2t3Xt 

111HAVEe DAILY=,F5e3t3Xt27HTOTAL<BASED ON FULL MONTH)=tF5e2) 
IF CDAYSWeLTeOe5) GO TO 110 
NDAYS=DAYSW+Oe5 
PRINT 1019tNDAYS,TW 

1019 FORMATC1H+t88Xtl2HWIND---DAYS=tl2t3Xt18HTOTALCFULL MONTHl=tF6eOJ 
GO TO 110 

C END OF MONTHLY COMPUTATIONS 
******************************************************************************** 
******************************************************************************** 
C PRINT STATION SUMMARY 

200 DO 201 I=lt5 
YSUMCil=OoO 
DO 201 MO=ltl2 
IF CND<I,MO)oEGeO) GO TO 204 
DSUM<ItMO)=DSUM(I,MO)/NDCitMOl 
YSUM<I>=YSUM<I>+DSUMCitMO> 

204 IF CMOoNEol2) GO TO 201 
IF CieEOell GO TO 201 
IF <I.EQe4) GO TO 203 
YSUM(J):YSUM<I>*Oe083333 
GO TO 201 

203 YSUMCI)=YSUMCI>*30e417 
201 CONTINUE 

PRINT 2000 
2000 FORMAT (1H0t40Xt26HSTATION SUMMARY FOR PERIOD) 

PRINT 2009tCMOtMO=lt12l 
2009 FORMAT (1H0t25HPRECIPITATION YEAR/MONTH,5Xtl2f7tllX,5HTOTAL> 

DO 210 I=l,NYRS 
SUM=OeO 
DO 211 MO=ltl2 

211 SUM=SUM+PXCY,MO> 
IF <SUMeGTe900e0} SUM=999.99 
NYR=IYR+I-1 
PRINT 2010tNYR9(PX<I•MO)tMO=ltl2),SUM 

2010 FORMAT <lH •l8X,2H19ti2,8Xt12F7.2,8X,F8.2) 
210 CONTINUE 

PRINT 200l•<MOtMO=l•l2> 
2001 FORMAT (1H0,20X,5HMONTH,5Xt12I7,2X,l6HANNUAL AVE/TOTAL) 

PRINT 2002,CNDCltMO),M0=1,12) 
2002 FORMAT ClH •16HNUMBER OF M0NTHS,l4X,1217) 

PRINT 2003,(DSUM(l,MO),M0=1,12)tYSUMC1) 
2003 FORMAT ClH •29HAVERAGE MONTHLY PRECIPITATION,lX,l2F7o2t8X•F8e2) 

IF CITCIRG>eEO.O> GO TO 202 
PRINT 200ltCMO,M0=1•12) 
PRINT 2004t<NDC2tMO),M0=1,12> 

2004 FORMAT ClH ,14HNUMBER OF DAYSt16Xt12I7l 
PRINT 2005tCDSUMC2tMO)tMO=l,l2>,YSUMC2) 

2005 FORMAT ClH t30HAVERAGE DAILY MAX. TEMPERATURE,l2F7el,8XtF8ol) 
PRINT 200ltCMOtM0=1,12) 
PRINT 2004tCND(3,MQ),MO=ltl2l 
PRINT 2006,(DSUMC3tMOltMO=l,12),YSUM<3> 

2006 FORMAT ClH •30HAVERAGE DAILY MINe TEMPERATURE,12F7.1,8XtF8ol) 
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202 IF CIECIRG>.EQ.O) GO TO 205 
PRINT 200ltCMOtMO=ltl2l 
PRINT 2004tCNDC4tMO)tMO=ltl2> 
PRINT 2007tCDSUMC4tMO)tMO=lt12ltYSUMf4> 

2007 FORMAT ClH t25HAVERAGE DAILY EVAPORATION,5Xtl2F7.3t8XtF8.1) 
PRINT 200ltCMOtMO=ltl2) 
PRINT 2004tCNDC5tMOltMO=ltl2> 
PRINT 2008tCDSUMC5,MO)tMO=ltl2ltYSUMC5> 

2008 FORMAT ClH t27HAVERAGE DAILY WIND MOVEMENTt3Xt12F7.0,8XtFB.O> 
205 IF CIRG.EQ.NSTA> GO TO 299 

IRG=IRG+l 
GO TO 105 

******************************************************************************** 
29~ CONTINUE 

STOP 
END 
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Bel MAT PROGRAM INPUT SUMMARY 

C THIS PROGRAM COMPUTES SIX-HOURLY MEAN AREAL TEMPERATURE(MAT) AND 
C IS CURRENTLY DIMENSIONED FOR THE FOLLOWING. 
C 10 BASINS 
C 40 MAXIMUM-MINIMUM TEMPERATURE STATIONS 
C 10 CHANGES IN OBSERVATION TIME PER STATION 
C 10 CORRECTIONS TO MAXe-MIN. TEMPERATURE PER STATION 
( 

C MEAN AREAL TEMPERATURE CONSISTENCY PROGRAM GOES WITH THIS PROGRAM. 
C INPUT FOR MAT CONSISTENCY IS IN THIS PROGRAM. THIS PROGRAM WRITES 
C ALL THE INFORMATION NEEDED BY MAT CONSISTENCY ON SCRATCH DISK OR 
C TAPE. THE TWO PROGRAMS ARE EXECUTED CONSECUTIVELY. 
C MAT CONSISTENCY IS DIMENSIONED FOR THE FOLLOWING. 
C 5 GROUPS OF ST~TIONS 
C 25 YEARS OF DATA. 
******************************************************************************** 
******************************************************************************** 
C INPUT SUMMARY FOR MEAN AREAL TEMPERATURECMAT> COMPUTATIONS. 
******************************************************************************** 
*CARD NOe FORMAT COMMENTS 
******************************************************************************** 
c 
c 
( 

c 
c 
( 

c 
c 
c 
c 

c 
c 
c 
c 
( 

( 

c 
c 
c 
c 

1 I 5 
I 5 
I 5 
I 5 
I5 
I 5 
!5 

I 5 

I 5 

I5 

I5 

I 5 

NUMBER OF INITIAL MONTH 
INITIAL YEAR (LAST TWO DIGITS> 
NUMBER OF LAST MONTH 
LAST YEAR (LAST TWO DIGITS) 
NUMBER OF MAX-MIN TEMPERATURE STATIONS IN THIS RUN 
NUMBER OF AREAS WHERE MAT IS TO BE COMPUTED. 
=1 MOUNTAINOUS AREA-USE MEAN MONTHLY TEMPERATURE AND 

ELEVATION TO ESTIMATE MISSING DATA. 
=0 NON-MOUNTANOUS AREA - MEANS AND ELEVATION NOT NEEDED. 
=1 PUT MEAN AREAL TEMPERATURES ON TAPE IN NWSRFS FORM 

(OUTPUT TAPE IS DESIGNATED AS TAPE1) 
=0 PUT MAT ON 0/H STANDARD FORMAT CARDS (FIELD LENGTH=3) 
=1 INPUT DATA AND PUT INFORMATION ON DISK OR TAPE SO THAT 

MAT CONSISTENCY CHECK PROGRAM CAN BE RUNo 
=0 CONSISTENCY CHECK IS NOT TO BE RUN. 
=1 PRINT MAX-MIN TEMPERATURE DATA FOR EACH STATION AS IT IS 

READ FROM NCC-NWSRFS TAPE. 
=0 DO NOT PRINT MAX-MIN DATA FOR EACH STATION. 
=1 INPUT CORRECTIONS TO MAX-MIN TEMPERATURE DATA 
=0 NO CORRECTIONS NEEDED. 
=0 PUNCH A ZERO IN COLUMN 60 

******************************************************************************** 
C***NOTE*** CARD 2 ONLY NEEDED FOR MOUNTAINOUS AREAS. 

2 F5e3 DISTANCE BETWEEN MAP GRID COORDINATES IN MILES. 
******************************************************************************** 
******************************************************************************** 
C***NOTE*** REPEAT CARDS 3 THROUGH 5 FOR EACH MAX-MIN TEMPERATURE STATION. 
C: STATIONS MUST BE IN THE ORDER THAT THEY APPEAR ON THE INPUT 

.C DATA TAPE. (INPUT TAPE IS DESIGNATED TAPE2> 
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DUMMY STATIONS CAN BE PLACED ANYWHERE. 
INPUT ORDER DETERMINES STATION RUN NUMBER. 

******************************************************************************** 
C 3 5A4 STATION NAME 
C F5e0 X GRID COORDINAJE NOTE •• SQUARE GRID SYSTEM OF ANY 
C F5e0 Y GRID~COORDINATE ORIENTATION IS USED. 
C BASINS MUST FALL WITHIN BASIC 
C 80 X 80 GRID. STATIONS CAN BE ANYWHERE. 
C I5 NATIONAL WEATHER SERVICE STATE NUMBER 
C I5 NATIONAL WEATHER SERVICE STATION INDEX NUMBER 
C FOR A DUMMY STATION. <HYPOTHETI~Al STATION WITH ALL 
C MISSING DATA> USE AN INDEX NUMBER GREATER THAN 
c 9999. 
C F5e0 OBSERVATION TIME <HOUR 1 THROUGH 24) FOR INITIAL MONTH 
C FlOeO STATION ELEVATION IN FEET 
**************************************************************************~•**** 
C ***NOTE*** CARDS 4 AND 5 ONLY NEEDED IF RUN IS FOR A MOUNTAINOUS AREA. 
******************************************************************************** 
c 
c 
c 

4 15X'9F5e0 
12F5e0 

ELEVAT·ION WEIGHTING FACTOR(.FE> FOR MAXIMUM TEMPERATURE. 
MEAN MAXIMUM TEMPERATURE (DEGREES F> FOR EACH MONTH. 

IN ORDER JANUARY THROUGH DECEMBER. 
******************************************************************************** 
C 5 15X,F5~0 ELEVATION WEIGHTING FACTORf~El FOR MINIMUM TEMPERATURE. 
C 12F5.0 MEAN MINIMUM TEMPERATURE <bEGREES ~) FOR EACH MONTH. 
C IN ORDER JANUARY THROUGH DECEMBER. 
******************************************************************************** 
******************************************************************************** 
C***NOTE*** REPEAT CARDS 6 THROUGH 8 FOR EACH AREA FOR WHICH MAT IS TO BE 
C COMPUTED. 
******************************************************************************** 
c 
c 
c 
c 
c 
c 
c 
c 
c 

6 10A4 
1X,A9 

·I 5 

AREA NAME 
AREA IDENTIFICATION NUMBER 
•1 STATION WEIGHTS DETERMINED BY GRID POINT WEIGHTING 

METHODe STATION WEIGHTS FOR EACH GRID POINT WITHIN 
THE AREA ARE A FUNCTION'OF ONE OVER THE DISTANCE FROM 
THE GRID POINT TO THE NEAREST STATION IN EACH 
QUADRANT. ' 

=0 USE PREDETERMINED STATION WEIGHTS. PREDETERMINED 
WEIGHTS ARE RECOMMENDED FOR MOST MOUNTAIN AREAS. 

'******************************************************************************** 
C ***NOTE*** CARD 7 ONLY USED FOR PREDETERMINED STATION WEIGHTS. 
******************************************************************************** 
C 7 16F5e2 PREDETERMINED WEIGHT FOR EACH STATION. ·sTATION ORDER 
C IS DETERMINED FROM CARD 3. REPEAT CARD 7 IF MORE 
C THAN 16 STATIONS. 
******************************************************************************** 
C ***NOTE*** CARD GROUP 8 IS ONLY USED IF GRID POINT WEIGHTS ARE USED. 
C EIGHTY(80) CARDS ARE NEEDED IN ~ROUP a. THIS IS THE 
C GRID MAP OF THE AREAS. All GRID POINTS IN THE AREA 
C ARE DESIGNATED WITH A ONE(lle GRID POINTS OUTSIDE 
C THE AREA ARE LEFT BLANK. 
******************************************************************************** 
C 8 80I1 AREA GRID MAP. ONE Y ORDINATE PER CARD. FIRST CARD IS 
C FOR Y=80, SECOND CARD Y=79, ETC.--80TH CARD Y=le 
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c 
c 

THUS IF CARDS ARE LISTED, THE LISTING WILL LOOK 
SIMILAR TO THE SHAPE OF THE AREA. 

******************************************************************************** 
******************************************************************************** 
c 
c 
c 
c 
c 
c 
c 
c 

***NOTE*** CARD 9 GROUP MUST ALWAYS BE INCLUDED. 
CARD 9 GROUP DESIGNATES CHANGES IN OBSERVATION TIME FOR 
EACH STATION. STATION CHANGES MUST BE IN ORDER BY DATE 
<EARLIEST FIRST>. OTHER THAN THAT REQUIREMENT,ORDER 
DOES NOT MATTER. THUS ALL CHANGES FOR ONE STATION 
CAN BE FIRST, FOLLOWED BY THE NEXT STATION, ETCe OR 
ALL THE CHANGES FOR THE FIRST MONTH AT ALL STATIONS 
CAN BE FOLLOWED BY CHANGES IN SUBSEQUENT MONTHS. 

******************************************************************************** 
C 9 !5 STATION RUN NUMBER<FROM CARD 3) 
C 15 MONTH NUMBER OF TIME CHANGE 
C I5 YEAR <LAST 2 DIGITS) 
C F5.0 NEW OBSERVATION TIME <HOUR 1 THROUGH 24) 
c 
C ***NOTE*** CARD GROUP 9 ENDS WITH A CARD WITH 99 IN COLUMNS 4-5. 
****************************************~*************************************** 
******************************************************************************** 
C ***NOTE*** CARD GROUP 10 IS ONLY NEEDED IF CORRECTIONS ARE TO BE 
C MADE TO MAX-MIN TEMPERATURE DATA. 
C CORRECTIONS TO EACH STATION MUST BE IN ORDER BY DATE 
C <EARLIEST FIRST) AS WITH CARD GROUP 9. 
C CORRECTION REMAINS IF EFFECT UNTIL THE DATE OF THE 
C NEXT CORRECTION. . 
******************************************************************************** 
c 10 
c 
c 
c 
c 
c 

I5 
!5 
!5 

F5e0 
F5e0 

STATION RUN NUMBER <FROM CARD 3> 
MONTH NUMBER WHEN CORRECTION STARTS. 
YEAR CLAST 2 DIGITS> 
CORRECTION TO MAXIMUM TEMPERATURE <DEGREES F> 
CORRECTION TO MINIMUM TEMPERATURE <DEGREES F) 

C ***NOTE*** CARD GROUP 10 ENDS WITH A CARD WITH 99 IN COLUMNS 4-5. 
******************************************************************************** 
******************************************************************************** 
c 11 
c 
c 

8A10 REEL NUMBER OF EACH INPUT DATA TAPE USED. (SEQUENTIAL) 
*NOTE* CHECK STATEMENTS USED TO CHANGE TAPES. OTHER 

SYSTEMS MAY USE DIFFERENT PROCEDURE. 
******************************************************************************** 
******************************************************************************** 
C ***NOTE*** CARDS 12 AND 13 ONLY NEEDED IF CONSISTENCY CHECK IS TO BE MADE. 
******************************************************************************** 
c 12 
c 

I 5 
5I5 

NUMBER OF GROUPS TO MAKE CONSISTENCY CHECKS ON. C5 MAXIMUM) 
NUMBER OF STATIONS IN EACH GROUP. C40 MAXIMUM) 

******************************************************************************** 
C **NOTE** REPEAT CARD 13 FOR EACH GROUP 
C 13 16I5 RUN NUMBER OF EACH STATION IN THE GROUP. C16 PER CARD) 
C GET RUN NUMBERS FROM CARD 3 ORDER. ASSIGN PLUS AND 
C MINUS TO RUN NUMBERS AS DISCUSSED BELOW. 
C NOTE ••• EVERY STATION MUST BE IN A GROUP. HOWEVER, NO 
C STATION CAN BE IN MORE THAN ONE GROUP. STATIONS 
C WITH POSITIVE RUN NUMBERS MAKE UP THE GROUP BASE AND 
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c 
c 
( 
( 
( 
( 

( 
( 
( 
( 

ARE PLOTTED AGAINST THE OTHER STATIONS IN THE GROUP 
BASE. STATIONS WITH NEGATIVE RUN NUMBERS ARE PLOTTED 
AGAINST THE GROUP BASEt STATION ORDER DOES NOT MATTER. 

<E.G. GROUP ONE CONTAINS 5 STATIONS. THEIR RUN NUMBERS 
ARE 3t5~6t9 AND.l2• CARD NO. 13 INPUT FOR GROUP 
ONE IS ••• 6,5,9t-12t-3o THEN STATION 6 IS PLOTTED 
AGAINST THE AVERAGE OF STATIONS 5 AND 9. STATION 
12 IS PLOTTED AGAINST THE AVERAGE OF THE GROUP BASEo 
THE GROUP BASE CONSISTS OF'STATIONS 6t5t AND 9o) 

******************************************************************************** 
******************************************************************************** 



8.2 SAMPLE INPUT FOR MAT PROGRAM 

10 63 9 71 7 3 1 1 1 1 1 0 
1o133 
MC INDOE FALLS,VT. 46 37 43 5044 8 480• 
MAX. 43-5044 o.o 24.6 28.4 38.9 52.0 65.6 75.7 79.9 77.3 69o6 59.2 44.1 29.4 
"1IN. 43-5044 o.n 2.0 4.1 16.9 28.7 39.2 49.4 55.0 53.3 46o8 36.0 27.8 11o9 
MT. MANSFifLD,VT. 13 53 43 5416 17 3950. 
~AX. 43-5416 o.o 15.6 18.1 25.5 38.3 51.7 62.1 65.5 62.7 56.4 46.4 32.9 20.4 
MIN. 43-5lf 16 o.o -.9 2·1 11.8 23.2 34.5 45.4 49.7 48.0 41o9 31·2 19.4 5.5 
NE\oJPORT 'VEC?MONT 40 78 43 5542 24 766. 
MAX. 43-5542 o.o 23.0 27.3 37.2 51.2 64.5 75.5 79.5 76.3 69.3 57.9 41.8 26.8 
MIN. 43-5542 o.n 1.0 3.0 15.5 28.0 39.4 49.7 54.7 52.5 45.4 36.7 26.4 1o.o 
NORTH DANVILLE,VT. 44 50 43 5632 24 1140. 
MAX. 43-5632 o.o 21.3 24.8 34.5 48.0 61.4 71.9 75.6 72.5 64o9 54e6 39.0 24.9 
~IN. 43-5632 o.o 1.7 4.0 16.2 28.1 37.9 47e2 52.5 50.2 43ol ~4.4 24.6 10.2 
ST. JOHNSBURY,VT. 48 47 43 7054 16 699. 
MAX. 43-7054 o.o 23.4 28.1 37.7 52.1 66.0 76.1 79.5 76.9 69o4 58.8 41.9 26.6 
~IN. 43-7054 o.o 2.5 5.1 16.8 27.7 38.8 49.2 54.1 52.5 45o5 34.9 26.1 11e0 
WEST BURKE,VERMONT 50 6() 43 9099 8 900. 
MAX. 43-9099 o.o 22.8 26.6 36.8 49.7 64.3 74.6 79.1 76.2 68.5 57.1 41.5 26.3 
"1 IN. 43-9099 o.o -.2 0.9 14.5 28.2 38.5 48.8 53.8 51.7 45o() 35e1 27.0 10.4 
WEST RIDGE-DUMMY 42 51 4310000 24 1740. 
MAX. w. PIDGE o.o 19.8 23.1 32.3 45.6 58.9 69.7 73.1 69.8 62.7 52··4 37.3 23.6 
MIN. w. RIQGE o.o 1.1 3.6 15.2 27.1 37.0 46.6 51.5 49.3 42.3 33.6 23.2 9.2 
PASSUrAPS I C RIVER AT PASSUM.PSIC,VERMONT 01135500 0 

o.o o.o o.o .29 .()6 .15 .50 
PASSUMPSIC RIVER BELOW 1330 FEET ELEV. L01135500 0 

o.o o.o o.o .58 e12 .30 o.o 
PASSUMPSIC RIVER ABOVE 1330 FEET ELEV. H01135500 0 

o.o o.o o.o o.o o.o o.o leO 
6 2 67 7 43-9099 

99 
5 10 63 -2.5 -1.5 43-7054 
6 10 63 o.o 6.0 43-9099 
6 10 67 o.o 4.0 43-9099 

99 
E07527 p 

1 7 
1 3 5 6 -4 -2 -7 



Be3 EXAMPLES OF OUTPUT FROM MAT PROGRAM 



~ROM 101&3 'THROUiH 9171 
- ·--------··--·--------- ---- ·------···-- ------· ---····--·--·-· 

STATION MEANS ARE USEO TO ESTIMATE HISSING OATA GRID LENGTH= 1.1330 HILES 

RESULTS OUTPUT ON TAPEt. 

SJA. RUN NO~ STATION -NAHE X -r-··- .. --NWS ST~-N-0-.--- . ELEIIATI-ON-FT. 'FE MAX. FE.-HIN. 
11C IN l 0 E EA.I.J .... S.sJLL._ ____ ftL ... __ ;u_ ... ___ .. ____ !t.l_::_ -~!t.!L---·---· ------··-·.!t6 .. <L._ ....... --- ___ • __ L .. !!. _______ Jl..LO ______ , __________ _ 

'MEANS JAN-DEC MAX 2~.5 28.~ 38.9 52.0 55.5 75.7 79.9 77.3 69.6 59.2 ~4.1 29.4 
-------------'----·-·---··tU..tL·- ---Z.!JL .... tuL.-1.!?.!!.9.. .. ..ZJh.l. . .J.9 .. ,L ..... !t<i! .. 't--5?...!.-.L...?...J.,__;J __ ....!_§.~Jl-12.!.9 .... _?.7. • .. L .. _!..1..!....~--
Z HT. HANSFIELO,VT. 13. 53. 43- 541& 3950. 0.0 0.0 

__________ -.llM ..... E..._AaN.._s _ ___. • .....,.JA.N::.D.f..C ....... _MAX ._ ... 1.2. •.. Q.. ... 18J .. _:.2.2oL _;ti},._J. ___ 5_L]_ .. Q.~ ..... l. ... ....9..5.J ... ~ . ... §.?..__'l_ ... 2.._Q.~!f ....... ft.Q~ .. .J? .. , ~--?Jh .. 4 .... 
111~ -.9 2.1 11.8 23.2 34.5 ~5.4 49.7 48.0 41.9 31.2 1~.~ 5.5 

3_ ___Mf._W_P_QRJ..LY..E.R.M.Q..tU ___ . ___ ft.L . U .. !!.. •• ·-··----- !tJ.:-_.554.Z.. .... -----··- ______ .. .1.9..6L ... _______ ---~~-0 ......... ____ q_~J!. ---- ... - ............ .. 
MEANS JAN•OEC MAX 23.0 27.3 37.2 51.2 64.5 75.5 79.5 76.3 69.3 57.9 41.6 26.8 

------· __________ .. _____ ,, ........ ltl.t! ......... h.P ..... _.;L._J! __ !.2~..2 ..... ?..h.9. -~9._4_ ___ !t:!.!.L .. 2.!t!.L ... 2.?..!.2. ..... .':':5.~ft._3&._,L __ ?f»•.!:t ... _ .. l!!.! .. IL .. 
4 NORTH DANIIILLE.VT. 44. 5~. 43- 5632 1140. 0.0 0.0 

_.11.f...4.N.S... _ ..... J .. A.M-:-:.O..E.~--~---- l'tA~ ... : .... ~t...~..J __ ~ft .• _!L.__;3.!t.t.L.~,_.1L .. _£,J! .. It... ... ..ll.!.9. J.'?..!!.ll .... _!.£,.! .. 2 ..... 9.Lt . .!..~--. ?~·..Q .... l.~.~JL .... £'!• .. 9_ 
MIN 1.7 4.0 16.2 28.1 37.9 47.2 52.5 50.2 43.1 34.4 24.& 10.2 

-4--------S_L_J_Q.tl.liS.3.U.R..Y t.Y.L. ______ _lt_6_t_ ....... !t.7 ....... ·-· __ _. .... It ~.L0.5 .. !f __ ;_ ______________ _&_CJ..9., ____ . ------ .. .... ....9 _. o ___ .. _____ Q ... Q....... . . _________ ........... , __ 
"'EANS JAN-DEC MAX 23.~ 26.1 37.7 52.1 &6.0 76.1 79.5 76.9 69.4 56.8 41.9 26.6 

-------------------------·--·----· ___ ..11l/L _____ _.?._L2 ___ 5..u.._ __ .1.2.!...8. ... -~-L!L ---~~IL.-~9~.? ....... ?.h.L-~..?..!..2 ....... ~ .. ?. .. !.? __ 2.'f .. ~.~--...£§.~_! __ 11 •. L. 
6 WEST BJRK~,VERMONT 50. 60. 43- 9093 300. 0.0 0.0 

___ __l!f_~ __ .....J.Al!_-.. Q~.C. ____ J'fAX ___ .2 .. ~ .. -L_?&~_Q_ ;3_&~ ___ ft_9.] .. f!.Lt....L .... 7:!+..1). J'.9• .. L.?....Q!.? _.96..!...2 __ 5?, __ _., ____ Lt1~L ... ?.~.!...~-
. MIN -.2 .9 14.5 28.2 38.5 48.~ 53.8 51~7 45.0 35.1 27.0 10.4 

7 _ __jj£ .. S . .L .. m~Jl.\llltt .. ~--- ___ ft_Z.,_ .. ___ 5..1 .. • __ ........... .:_~_QJHLO....~ .. ------ ___________ .l]....!t..a__,___ _______________ Jl.~ .. D._ ... ____ ...l!..!...Q ____________________ _ 
~EANS JAN-OEG MAX 19.8 23.1 32.3 45.& 58.9 59.7 73.1 69.~· 62.7 52.4 37.3 23.6 

-------· _________ ._ ______ MUL .. ___ !, ,_L _.J..~ 2 ..... _t.? .. 4 __ ~.7 LL 37 ,_o_~t.ft! ~___?...!...·-2-.... Lt-~!.3 ... !+..?!. L. _:u_~.§. ___ g_~.! .... L ....... ~....!-.?. _ 

~-



------------··-·-·-·· -·-·--···-·-····-·. 
STATION WEI:>HTS FOR PASSUMPSI:: RIVER AT PASS:.JMPSI::,v::RMONT ID= 01135500 

MC INP3E FALLS,VT, O.OOQ _________________________________ _ 
HT. MANSFIELD,VT. 0.000 
NF wpo RT, V F R 10 NT ___ __j)_..Jl.llJL ------ ... ----· __ _ 
NORTH OANIIILLE,VT. ,290 

___ ...Js..._r_._.__.,_,J.Lo.dN.S.B!J.RY..t.ll.L._ ___________ ___._a&JL ____________ ·-··-
WEST B:.JRKE,IIERMONT ,150 

___ ..HilLJ?.IDGE-!lUHHY ___ _.3.fl..ll____ _____ , ____ _ 

----------·-------··-····-··-.---·· ... 

STATION WEI:>HTS FOR PASSU~PSI:: RIVER BELl~ 1330 ~::ET ELE\1, IO=L01135500 

HC I NODE FALL S...t.Y.L._ ___ O ~--·-·····--.. ---·--·--·· ---··--····--·---
MT. MA~SFIELJ,VT. 0.000 
NEWP.O..l.LJLE.R'40NT O.OOil 
NORTH OANVILLE,VT. ,580 
ST. JOHNSBU!U.VT. ___ _._1.z_o._ __________ ---··-···------·-
WEST BJRKE,VERMONT .lOO 

If WEST RIDGE-DUMMY ___ .ll . ..J!JlJI. 
\0 

-----·-------····--- .................. ·--···· 

STATION WEIGHTS =oR PASSUM?SI:; RIVER AB0\1:: 1330 ~E::T ELEII. I 0 =H 0 113 55 0 0 

HC I NO 0 E FALL '3, VI. __ _]_._.\LQ_Q. _____ --------···------ .. ··-·-·-··-------.. __ 
HT, MA~SFIELJ,VT. 0.000 

_____ .N.E.HPJlfil.J£R1ia.NT ________ .. . D ... D.O .. O ........ . 
NORTH OANVILLE,VT. 0.000 

'---·-_ll._.JOiNS.6.lliU., V T ......... ___ __ .0. 0 0 L. 
HEST BJRKE,IIERMONT 0.000 

___ il.E.SL .. UJ.lJiE::.i:JJJ..MI:!.Y.__ ___ ··-- ... 1 . .a.D.O.O .. 



tf 
1-' 
0 

____ _._.M""-'A)(.::ltl..N_I.ElfP£RIU.URE OAT.A FROM N.C::-•HISRFS fl\?.::_fOR wESJ B.URK£.sJli:R1iON.J ....... ---------. -----·--- _ 
NWS STA. ~3-9099 10/&3 03. TIME= ~00. fE~P. CO~R~~TION M~X= 0.0 MIN= &.0 
MAX 50 • Ei3. 75. &7. 47. 71. 74_. ___ 6_~._!t_9J ...... !ict_._ .... ~ .. 3 .... 21.. .... 2.5..!......Lo. __ ._ _ _l2_.,__L!t.L.~~---Z5 , __ 7:,~J.f?.~ ... .2'? . .!. __ _<,>,2_~_ .. .P'?, ___ U~-1!h2.l• .. -F .. !!...._?~44 .... ~JL! ... - .... 
MIN 2&. 2&. 35. 45. 30. 30. 36. 43. 2&. 27. 31. J4. 2&. 27. 29. 37. 37. 38. 43. 38. 38. 2&. 26. 36. 38. 41. 45. 44. 40. 36. 34., 

__t:~.HS__s_I.A.....___U_-....9Jl.9..Cl ____ ..111.hl.. __ .Qa •.. .J I ME.::: BJJJJ. _______ IE 'I P •.. .G.ORR£.C..I.IQN ______ _!1A X= 0 • Q_ .. __ .... JUN.::: ..... 2..0 .... __ . .. ...... .... . . __ ·__ ....... -------
HAX ItS. 4&. 40. 35. 42. 42. 43. 58. 57. 50. 4&. 40. 42. 41. 40. 40. 37. lt3. 50. 39. 48. 44• 51t. 52 • .34. 29. 42. 49. 35. 53. 
MIN 34. 40,____3_2.L...2L_2.2...._3U .•. !t0 ..... .!tle..'t9. !t3 ..•.. 41. +1. J&..__34o .32. 3.5. 25. 30Llt1 .• 33 • ....J.!i . .o ....... 45.o. '-tl ... ... 3_1:t.L .. 26 ... ia• .... 2.1t ..... Z.Q.~ 20._ .3&L __ _ 
NWS STA. lt3-9099 12/&3 oa. TIME= BOO. fE~P. ::J~RECTION M~X= 0.0 MIN= 6.0 

__ JH\X 50. 19. 27 • ...2~.~-L .. 25..o . ..-Z~ ...... 21.. .!f.l! .•.. ItO~ ... l2. 2.0 .•. .1 & .. •. _<!& • . .25 .•.. 10_. _____ .!1... .... 3. • ..... 15 • .10 ... ~ .... -5 .. ~-- B • .J.Ji.!.. .. J..? .. o. ~l?,,,_.f_i?.!!.J.O • .... J,Q~ ...... t~!!. ... 2 t ... L.::g.!. __ 
~tiN 11. s. 7. 22. 6. -2. -1. 16. 1&. Jo. 1&. -2. a. a. 13. -2.-11.-12. -2. -2. -g. -2. -a. -a. 11. 3.-13.-16. -9. -s.-22 .. 
NWS HA. 43-9099 ....... 1L&.ft ____ OB ..... Ilt'1E.==-...3Jl.O. ..J£.tP .. .o. .GQ.RRECfl.ON_ ... J1AX= .. O.O ___ ltlll.::_ ____ .Q,O ____________ ......................... -·-------u 
!tAX 11. 22. 34. 38. 34. 20. 27. 35. 28. 35. 3!t. 12. &. It• 8. 22. 25. 23. 33. 40. 43. 38. 35. 34. 36. 42. 35. 29. 18. 24. 26. 

____!UlL_::.Z.2 .. ~.::.1Ji~--.f.tu ___ .J__Q_....._1_QL.::l .. L.:: . .lt... --:3 ..... :::-Z ....... :-1:! ...... 10.-.1.2·-.12. :-::.lt .. •.:-.. 1.9.:::.1-.lt: .•. 10. J._. 19· 19. ..... 2.9~ ..... :I.f?• 1J)!.. .... ;tO •. 3.~~----~-.!t .. !! t_8._l0 .. • Sa .1.~- .L! 
NWS SfA. 43-9099 2/64 OB. TIME= 800. fE~P. CORRECTION M~X= 0.0 MIN= 6.0 
111\)( 33. 34. 2 B. 15__,_.3.J..o. ..... 3.!i.. .. ....ii.?....__.J.5 ...... :U.'--.17 ........ .19~ ... 25 ...... 35 • .... 3.5._,._3.0 ...... 3 0 ....... 25... 2_Q ..... .J .. lt.. i1.!t ...... ..2].,.___2._lt_..._ ___ 1.8 .... 35 ... _;Lit •.. Z..lt.o ...... ll• .J. 5_. ___ 34 •. 
~IN 5. 31. 6. 5. 7. 5. 5. 31. -1.-18.-13.-13.-10. g. -&. -5. &. -5. -5. 7. 20. 6. -9. -4.-12.-12. 6.-15.-15. 
NWS SIll.. 1tl.:::.<1Jl9.9 ______ .3l..61f. ____ .J)_B., .. ILii.E:o...iiJJl. ... .. E 't~-"-- .G.DRIECJ~ON ....... M.l\ X.= ...... U .. Jl __ ... .....JilN:::. __ Et» 0 .... ... ........... _ . ___ . -----·-··--· .. .. ...... _ _ ___ _ 
t1AX 31. 42. 45. 56. 54. 50. 32, 48. 38. 3&. 23. 30. 35. 34. 44. 43, 29. 38. 18. 28. 38. lt5. 45. 34. 45. 43. 35. 30. 40. 43. 34. 
MIN o. L!t.~_2..fu ___ z.p.__..z_o .. 1.lt..a. ... ..1.l ... _.i2 ... ____ z_~u ___ 2.tt.A .. 1.5 •... z.o .• 1 o ...... ..1.9 .. ..21.. .• ___ (). ..... a ......... .9 ..... i.1. . ...__1z •.. z.z ....... .zo ...... ......14 ...... J .. ~ .... J . .o ... _ 2.9._21.~_2.1 .•.. 22!L.l1•L .. . 
NWS STA. 43-9099 41&4 03. TIME= aoa. T~~p. CJRREGTION MAX= 0,0 MIN= &.0 
til A X 2 6" 3 0 • 4 0. 3 S..........2..6 . .L_ftL._!t.Z. ... .. 25..a.....5_Q ........ J..l .•. 5..;L_ .. ~ 1. ..__ R3. ... .Ji.Q.~ .. ...2.2.L.5. fu......2.J .... _.Lt..3 ........ 5.9..!_4.7.. • .Jit ........ Q.lLt.......lt.L... ... ~ .. Q.s ....... ltl:t...L..2Jl. .. L_9? -~- .l...?.!.. ..... l Q_!J..._.Q..&.!' .... ------
MIN -2. -5. 4. 24. 0. 11. 11. 38. 36. 28. 28. 25. 31. 31. 45. 39. 27. 27. 36. 31. 32. 3&. 42. 40. 40. 34. 32. 32. 33. 31. 
N w s s I A • 4 3 - 9 0 9'L ______ .2l.Q.§:__ ___ Q!!.L...[LM!;.:=_jjJlJl .. !. ... ___ n: t~ L _r;_QB.R.E..C_T...l.Q~ .. ___________ tli\X:=..... ..... Q_,_Q ____ jft!i=._ ___ Q..!...O .. ------ ----------. . . . -- ---·-·-- ... .. -- -·---- .... 
MAX 75. 73. 72. 76. 78. 76. 78. 8&. 81. 73. 56. &0. 73. 71. 54. 70. 79. 70. 67. 78. 52. 64. 78. 82. 89. 64. 70. Ei5. 55. 53. 62. 

_lilll__n...._.l_lt_~l_!t..__;l!t__.___J_~....__J.'l., ..... lt__7_,......2.1..~ .. -5 .. lt.L . ..50o ...... lt2 •.. ft_2__.. __ _t.f!._o ..... 35_._...J5 .. ~_5JI..o .. ft .. 3 .. L...!t.J..L .. ~_5.?. __ J__D._. __ _J_QL . .!±_g...__2_~ ..... o§_L_It_':)_~- 45.~ ~.? .. o .. .J...CJ.,_.~-~-~--~.!t~ ...... 
NWS STA •. 43-90CJ9 6/&4 08. TIME= BOO. TE~P. GORREGTION H~X= 0.0 MIN= &.0 
MAX 68!! 66. 68. 7 .9 .. .<.__5_8........J!.1..~_l.J!..! .... .I2..._ __ .z..~ .... & .. t~ ..... !tQ .. ~_Z.!l· .LI>.J. .. ~-~........2.9. .. , __ Ql..!!-.... '?.2 ....... 9.§.!!. .• l.2..! .... JHt~ ... JL9...!!.....?.~~---~Ji..!' .. .....lt.!!.~ .... !!l...! .. ....ll...!!.......!~ .. ·---.?.:Jl! ... l!!~ . .!!..l!.~----- ........ .. 
MIN 40. 43. 36. 36. 44. 34. 40. &1. 51. 57. 45. 44. lt3. 49. 44. 44. 46. :H. 38. 54. &0. SO. 46. 46. 62. 43. 43. 41. 43. 43. 
~~.J!.'iL_ _ _li.f!_!t_ ______ O!Lo.....IJJlE: . .= ... JtQ.Q ............. ___ ];_1__fl' ... ...k.O.RRk.GJ .... l.QJL ...... --M.I\_~::: .. __ .P .. ~_o ____ ....ltl.!i=: .... §..!..ll_ _____________ ...... _______ -·--- --------------
MAX 90. 84. BO. 79. 79. 70. 73. 73. 78. 80. 80. 85. 84. 76. 78. 81. 81. 87. 92. 80. 78. 30. 84. 86. 72. 75. 79. 84. 91. 88. 70. 
!'liN 62 • 52. 52. ___ 6...f .. L.59 .. L..f1 .. 0 ._ 57 .... L.2 .. 8~ _S3 .. L.2..3 .. o ..... 60_., __ .Q_1.! ... 9J ...... ...9!!_L.._QR._.?_?_._ _ _52.• .. ...2_Q_~§_ft._ .. 2.l.~ . .....2 .... :t..L.f>f?LJ? .. ~--Q_2_! __ ~ .. k.§_0..2..._1?._~ ...... fll! __ 9_~-L.!?.Q•_H• ... 
NWS STA. 43-9099 8/64 OB. TIME= SOO. TEiP. ~ORRECTION M~X= 0.0 MIN= &.0 
~'!· 59. 69. 1 3!._~~-9.l.!. ... ..i.!.! . ..L9 ......... !'!.~-~- §.1.~---~.9_'!, __ 7l>...!!.......§'t.~ .... 9.!:+~ ...... 2..~-~-L~ .... .l..?~ .. IP..!_.§L ___ &7 .! ..... 68 ..... ~_!,..~...h.. . .n!-.l..';L!.....f>...2..!.-7..lt.!.....L<t!_ .. §4 ~- _8?.!...... 
!iiN 40. 45. 44. 41. Itt. 55. 39. 39. 53. 48. 47. 53. 59. 42. tt8. 47. so. sa. 4&. rv&. 46. 51. 53. 58. 51. 52. 44. 43. 43. 57. 62. 
NWS ST A!......!t .. ;l.::..CJ.091.._ _________ 9_!QI+ ___ .. ... .P~!' ... IJM.E_=. .. JH!O.•___ IE.."i P.• .4Q..I~B .. E..GLUl.N... ..... -.Ji~.l5.=. .... 0. 0 _____ tUlt=: .. _.9 .. •_o _______________________________ -----· . --·- ............. ... 
MAX 81. 63. 68. &8. &i. 67. &8. 75. 80. &5. 67. 57. 58. &5. &9. 56. 58. &0. 59. &5. &8. &CJ. 68. 78. 72. 55. &7. &9. 53. 54. 

_____!ii1:L 0 0. 40. 39. 39 ~---~..L.2 6_._ 3..?! ... 4:2..!.._.!!-5...!. .. ?. .. 5•. _6Q_. 4 5 L.::u ! .... :u_. -~.!l.'!..--~-~----~-0 ... '±..0...!. .. _;u .. !.--~_Q_. ___ u~ ... I~~-- 36.2._5 .. 1..!.._38...!. __ ~9· .... :$9_!_ ... }.=1_~ }_0 o __ ~o ~- ---- -
NWS STA. 43-9099 10/64 OB. TIME= 800. fE~P. CORRECTION MAX= 0.0 MIN= 6.0 
!fAX 60. 61. 60. 64. 72. !J&. 55. '+2_. 56. ofJ~ 51t. 41. 52. It&. ij,9. 72. 75._ &3. 65. 47. 47. 44• .. 42. 40. 40. 54. 59. Ei5. &1 •. 57. 42. 
MIN 31. 31. 43. 3 5. 39:-2~::2 .. 4;·18~--- ia-::-33~--JZ~----zz:-22"~-42. '3'2:--3-z:· 34~-34·~-- -;;~--;--42~--- 37:-34·. '26-::--z?:· .. 33·:·---29·:·---zg ~--36·~- ·3-7·:--· 39 • .. iz-~ -· 
NWS STA. 43-909g ......... H!..RL ........... ill!~_J:tfl.{::_.=_ __ ~fl!G ________ L;t~_._;LO_RiiE:~:UQ!'l ___ _ti_A_)(= ___ _Q~.IJ .. _____ t!_II\!:=_6._!)__ ·----------- _____ _ -·-------
HAX 42. 51· 46. 51. 50. 39. 44. 45. 54. 4'9. 40. 35. 34. 56. 40. 34. 35. 35. 30. 35. 41. 40. 28. 32. 35. 52. 52. 34. 36. 38. 
IHN 21. 25. 23. 22. 22~--~q_.__lt_2._L21h .. .4l... __ ;U. -~-·-- 22.L .. 3 .. ~ ... :t?.•.-~.f . .L.Zl-o .. Z.h.._23.! ...... J}~---h .... 1h....il.~!.~ .... ?.•_+.J? .. '!........E .. ! .... l.l...!..Jf>.~ 16_._2.£!. 
NHS STA. 43-9099 12/&4 OB. TIME= ~00. fEiP. :DRR:::~TION MAX= 0.0 MIN= &.0 , 
~L...J...5..L~..Z.9..!........~.2.L ... ..!...8_~--Jl..·.~~--t2.2 ... :? .. ~ ! .. - 3 !)!... __ l-2.! ... '+ Q.~ ..• J..?....!.. .. .Z..!t..~- J9 .! ... J.f:> ~ .... J.9 • ... ?.Q.! ..... £1.~ ... ~h..£~~~-~--,..!.t_l}_.,_ .•. ~l-~-~.Q...!--3.2..!~.2.~ !' .. . t.'? .! ..... g .. ~-
14 IN 18 • 7. 5. 1 9. 2 4 • 21 • 2 • - 11 • -8 • -1 • -3. 3. 3 5. 3 5. 1 o • -8. - 1 0 • 2 2 • -7 • 5 • 14. 1. 14 • 3 1 • 3 8 • 41. 3 8 • 2' o • 5 • 2 • 2 2 • 
Ill WS SI A • !t3-9.0<i9_ ______ 1./95 ...... _.....Q.f3 ._ __ _I:r..tif_=--..a..o...o.. .......... . .. I.2: 'if' .•. _c_o RR.t;: . .C.II O..I'L J1.1\ X;: __ .0 • 0 _____ f.l.l.M.::. ..9 • .0... _ ·------------·------- _........... ------ --------------··-----··--- ... 
MAX 32. 24. 11. 25. 24. 34. 30. 20. 38. It3. 21. 25. 3&. 30. 15. -4. -2. 4. 12. 18. 24. 19. 30. 10. 24. 28. 36. 33. 24. 9. 17. 

---.lt.Ii'L 12,-1 3. -s. 14. ~ . ..11. .... ~_z_._ .... -:L... . ....l.o ..... l.;> •. J ......... ....1 ........ ..1..;; .. __ .1...Q., .. ::.Zfi. ... =29_ .. __ -:-.. 9 ...... .-:1.Q. ... ~.l2 ....... .-=9. .... ___ 4..~.-.:::l..JL.---:'-.L .~.!J .......... ..9.L-.l..tt.~ ... ~b.-1.?.~.1Jt~-:::.19t--
Nws STA. 43-9099 2/&5 OB· TIME= 600. TE~P. CORRECTION MAX= 0.0 MIN= 6.0 
f1 A X 21ft 1 z:......__n_,__J...a...__jji..___j_ __ 3_....__J_Q.Jl.... .. ~..J . ..o. • ..!.tk-..~.....u.~_..i.JI .. e......J.2.&-.,.Z,.£u..,~.1R.t,~ J.,, ,JtJl..f_.,£~,&.,. .. Glt,t~.L... .• tJL£.,.~,~.11•...-.o•f..·Q='!.~··•l~L--,~~'...J'~~?~wco;-.0 -r~·•··-·•--~"· 
~IN -15.-15.-12.-12.-12.-14. 1&. 33. 21. 5. 13. 17. 17. -8. -7. -&. -4. -4. 11. -2.-12. 5.-14.-12.-11. 24. 7. -1. 
M W S •S TA • It 3-9 0 9 9 ____ 31...Q.L ____ _Q_IL_.lJJj_{;;_::_~--QJl~---·--.J~'!.P. .. L.1 0 ~K~ .. !J!l~: -··-- ... t1.Ltl5.=.. Q.!_.Q.._ ........ JJ!!~---Ji .. ~ . .Q -·~· , .. --'"'-· ----~----,.. ... _____ ,___ ........... ~~- , .... --·--
HAX 2e1. 34. 45. 50. 51~ 52. ttJ. lt5. 45. 46. 40. 25. 29. 32. 32. 32. 37. 35. 3&. 39. 28. 30. 29. 31. 30. 3&. 34. 28. 32. 30. 31. 
MIN 5 • .1..~ ....... ..2.1 .. ,,_.2.2· · 25. ;u.J< .... ...IL_;S,2.-..--Z.ll ~ ...... ?.D ,_---'.ft__... __ 3....__i,i_. __ _9_~ ____ :t ........ .Jw........!t.,, .ll!t.-'!..2.~--1.0.~.----·~"'---2~~"~ !?..~ .... J -'---~~--~It.,_}O ~ .. - .... ~!.. .... !b~"§. ._Jih._ 
~WS STA. 43-9099 4/65 OB. TIME= BOO. T~1P. CO~RECTION MAX= 0.0 MIN= 6.0 , 

____!!A_~. 2 8. 3 B. ~ 8. ltlt. It 9. -~"--.lt,t . .L..!t.(t .... _-2.JLt-2_?..s-J.~,< ~'*-~,$. ,lis-2~,!>_.~!2~ ... ~.?.~.&.3.-i.lt .... ,.QJl.,a...,R.,~.~.!tD~~ 49,~ .. 2l.~_.}t)lJ>_.~~-'JUl ,,_q~,.., .. ---=-
HIN 2. -1. 15. 16. 18. 16. 24. 26. 3Ei. 38. 23 •. 35. 3&. 26. 2&. 27. 3&. 30. 26. 26. 28. 30. 25. 28. 20. 32. 35. 34. 27;. 28. 
N WS S T A. 43-9 0 ~C} ______ ..2L. .. f1.2... _____ ..Q_h ... .l...LM£=....li...Q.] ~- -~---If2~~C..'LJ:.Q!:L. ___ .lf.B.~.:=._.JL~JL •. ____ Ji_l N.::.~ ..... h Q --· .. ~-----~--------- .... o.... ~-- .. ·-~-........:- ----------
111\X 70. 56. 59. 73. &0. 64. &6. 6r.. 73. 78. 72. 7&. 75. 57. 63. 78. 79. &8. 58. 65. 70. 74. 75. 60. 68. 77. 79. 77. 71t. 65. 61. 
~tiN 2s. 31. 26. 21. 26. 2&_~ __ J?.!. .. -~!_!!_!~ __ ?...!!.! . ..3_~-'!..-~-!Lrv.... .. gJt~ .. -~2..~--~§ .. !. .... ~9-~- ~~-·~-!_:u..!_;$£!__:u:.!'.l.!l .. •, ~Jl..'!. .. ..!!2..~..2L'!. ..?g~,-~2 •... ~.!!...! __ 44! __ 
NWS SfA. ~3-9099 61&5 03. TIME= 800. TEiP. GORREGTION MAX= 0.0 MIN= &.0 
.lf.AX 65. •. &~ .. 7.2 ..... J){l. 74. 79 .... 84. 86. 81. 8,.. 77. &S. 77. 49. 55. 70. &9. 75., 78. 78. 84. 84. 80. 85m 70. _64. 72. 72. 89 .. 82. 



tp 
I-' 
I-' 

IHN 36. 37. ZS3. 33. 36. 41. 54. 58.· 54. 56. 41. 40. 47. 46. 39. 40. 40. 43. 55. 49. 56. 55. 50. 48. 40. 36. 42. 50. 51. 58. 
NWS STA. 43-9099, __ U.f!.5 _______ Q)3_._I_l.ME= .. ..3.Jl.O .. L ______ li:_~_ .. _ ;;_QRRE_CTl.Q~L ............... MAX= 0 • 0 ____ MIN:= ____ Q_._Q ___ __ ____ _ _ .. . 
MAX 58. 71~ 81. 70. 75. 73. 55. 76. 78. 84. 73. 78. 7'+. 84. 83. 78. 83. 75. 76. 72. &1. 74. 71\. 76. 84. 76. 74. 78. 72. 72. 74. 

_!UN 41. 40. ftO. __ !lJ:l......-!!5...... !t8. 37. 38.o._2..1..___3JL __ ltL.. !t.~ .... 't.!.t ...... ..!t .. b .. Q.io •. 45 .•.. 45.. _(1_3, . .P0 .• _.47.: .... _ft5J. __ 4.2 ... __ 42. 5_5 _ _,. . .56.~ --~7 •. ~to. 4:.9• 5lt• 43._ ~1.!._ __ 
NWS STA. 43-9099 8165 OB. TIME= 600. T~iP. CORR~CTION M~X= 0.0 MIN= 6.0 
!tAX 78. 80. 72. 70. 75. 81. ~.!h _ _i9 __ ~_JU,-!-..!? .. !....Jl~ .. ·--L~.L.8.1_. _ _l..:h.... .. ~!?~ ... 9.<? .. ! .. ~.12,.!.. a.a .•. ~2 .. ~ .. ..Z .. ?•.J...Q.!..J.L~Jf?.~ . ..§.1. 7?__. __ €?.~ .. • __ §.~·-ll! .... 1~.!_2h....2.h__ 
MIN 45. 56. 51. 44. 41. 40. 48. 62. 71. :>8. sa.'+&. 4o. 55. 59. 66. 62. 62. 66. 60. '+5. 5o. sa. 45. 47. 57. 59. 61. 45. 40. 32. 

____l!HS_.....s.IA...... 4 3- 9 o 9 9 .9.fll.__...Q.JL .... ....LlME :::_~_Q.O ... ____ . J ~~ ... C..:!RR.E...(;ll..Q.i'L _ ____l:iA )( :: ___ .!J .... O_ . __ _t:l_l_tl.=.__ fu._Q __________ .. _ ----·--------.. --...... _ ....... ____ _ 
11AX 58. 62. 68. 7?. 77. 75. 76. 78. 65. 72. 82. 64. 68. 63. 60. 65. 60. 61. 65. 56. 76. 66. 89. 85. 62. 61. &8. 45. 57. 50. 
!tiN 34 • 53 • 40 • 4J,_. _}!J)~9LJt .. 8 ....... ..!i9. .. • .. !t .. J • .lt.3 • ... 5.9.__~2 . .!- .. 3 .. 9 .. ! .... 3Qo .. 2Jl.• .. '? 7 • .. -~fu ...... ~6 e .... .5_2._.__ 56_, ____ q_Q •- Q£~-R~e .... 9lt .. • .,2_5 ~-~I} .... ~!.•_2 7_. 2 .. 9.~ .. -~.J . .! ........ __ _ 
NWS STA. 43-9099 10165 03. TIME= BOO. fEi?. CORRECTION MAX= 0.0 MIN= 6.0 

__HAlL~-._s~,~.!i.!....~~.!t., _ ___!U_.!,_~-·--..?-5. 5.9...!._Q.£ •. _5_~~---.?.!._5t.t .... 55.'! .... 5.~ ... -~-.7. .• 59 •. 56 •.. 7.'2 'L •.. L2~ ... L3!.~~-~---5~.! .?!l~ ... ~.6 . ., _ '?6~ ... }3.~ .. -~5. -~-~· .. ?.0 • ...... 
'fiN 31. 47. 31. 31. 30. 30. 2.4. 33. 41. 40. 48. '+4. 38. 34. 32. 33. 26. 27. 27. 47. 45. 44. 47. 45. 37. 35. 37. 31. 28. 24. 24. 

_ti\'1.5~ 43-9099 111&5 o.a...........L~ .. :: ... 8..QJJ. .... , ____ JE.~P .... .C.QRR:CJI_QN _M~_X=_ Q.O ..... J:!l~=- O.·P ... ----------· ..... __ _ 
MAX 52. 36. 28. 38. 33. 3&. '+8. 46. 43. 34. 38. 4ft. 45. 49. 38. 31. 38. 42. 25. 31. 31. 34 •. 39. 33. 35. 33. 35. 36. 37. 31. 

_11LtL __ :li_.__20, __ z.1_ .... U.L..z_z_._ -~J_. ___ 3Z_•:...:u .. ~_2_9 .•. 1T!.. ... 15 ..... J. .. o ...... 3.5-... :U...! .... 2~ .• 2.4 ..... U .• 2o~ .. 2~_._10• .... 1-Z.'! .. U., .. -~.!.t ..•. 32.• 1!?· 1_1l .. ! ___ ;u., __ H.!.. ?_J~_ ?J.! ........ __ 
NWS iTA. 43-9099 12165 03. TIME= BOO. T:~P. CORRECTION MAX= 0.0 MIN= 6.0 
~~~-l~·--~-~-g!,__3Jt~----~2..L 3_!t! ... ?.1.• _?;!~ __ .J?..!.. .... 37..!. .... U.! .:3;, ., .... ~ .. ?.'! l?. ..... :3f? ..... n. l..lt.. •. H ~---~~...!! .... LO..!... ... ?.£! 28. .. • 3L.t~ .... 3.5 •... ~6_! :LIL~ __ t5.! ... ?.~· -~1 .. ! ... 3.5~ ..... 
MIN 15. 17. 32. 33. 35. 30. 21. ft. 8. 7. 14. 14. 2'+. 28. 36. 35. 31. 25. 17. -9.-11. -2. 6. 20. 28. 11. -4. -7. 2. 11. 23. 

_ _N_HS.3LA.L...lt..3..:...9...0 .. 9 .. 9 _______ .1L6fL .. ____ Qa,, T IM.f;:.:= ..... JU!.O. . . TE'1!>.~ .. :;Q.RRE.C .. U.Ot:L ...... ~A~= ...... Q..o. __ . MIN= .... 6. 0 ... __ .... . .. __ __ ----· ..... __ _ 
11AX 999.50. 26. 35. 28. 33. 32. 27. 12. 10. 26. 22. O. 12. 21. 18. 12. 20. 25. 20. 34. 32. 34. 29. 20. 20. 15. 22. 8. 18. 35. 

__ ltl.f':L_\t9.9............1~_. __ _1_2_. ___ _Q_._ _ _9_,_1.()._.__ __ 1_!t_o ___ 0 o ... :'::LL ... 5..o. -.. J. •. -1.:le -:19 • ........ 2 •.":1o.o ":.4L.1 .. 6.t.. .21_.._ .. Q • . .l . .lJ . .L 1.4.3-... 1.1.L.2.P o .... _2.o ::.1.4• ":14 ~ .:::-51.. -9 • --~9. .. • ... 2. .. ~ . 
NHS STA. 43-9099 2166 OB. TIME= BOO. TE'1P. CORRECTION MAX= 0.0 HIN= &.0 
!tAX 18. 2~..2~ _ _3_!t_, __ 3_~,.__z_a_L .. .z.z. •. .Z.!t.... .. Z.8 ......... 3.Z . .t ..... 't.P .... 2.Z..o.. ... 4.~ •.. J.4 .... 35. ...... -2B .•. ....Z9 ...... 2.4,. 1.P .. L .. O .•.. 5t ... .J .. 2 ... .Z.Z .... 3? ..• 311 . .'! -~~_, __ 1,2~.~-:s.. •. 
11IN 5. 7. 10. 8. 17. 6.-15.-13.-12. 5. 17. 2!3. 20. 21. 11. 1. 2. 2. -8.-24.-17. -4. 16. -4. -2. 23. 1. 12. 

__ .. ti!iS......S.fA..._!t_3_~9..0 .. 9..'L ___ .. ., __ 3.L6.Q. _______ Q_9. ...... ILM.E= BO_O •...... _fE'1P •. COR..R::~TION ___ M~X= .o.o ......... MIJi::: fi,O_ ...... __________ __ 
11AX lt4. 45. 35. 43. 47. 41. 40. 35. 26. 36. 44 .• 28. 31. 32. 44. 20. 35. 45. 56. 47. 44. 45.999. 47. 52. 39. 38. 25. 22. 31. 34. 

- 11! N 16 ·- .. 3..2._.!_29 • .....2..Z .. L.~..!' .. 3 :r_..._. <!..Q_. . .. 6 .. L ..... 0 •. 0 ·- ... 3.• ...... 2. ....... I>-~-- 5 .... __5. -2 ... L:'.2.• 1.. 33. 35. _3_6L 2't ...... .Z.5 •. 3~ • .. 41 •. .i.5.• .. J6.!' ...... 7. 6. . .. !?..•. 1;3._ 
NHS STA. 43-9099 4166 OB. TIME= 800. T~iP. CORRECTION MAX= 0.0 MIN= &.0 

__ !tAX 4 .. Q.~lt.?._!._ft .. l_,._.!t..ll.!. ...... ftl .. L !t.~-•-.. '?Jl ! ..... ft.O.~ lt9..• 't.!t .. ! ..... !J.~ ... 4QL.!t]! .... 5~ .. ?. .. ~• .5~ ..• lt7• ... ~5 .. ~. i> .. ~.• ...... V !..-f?.JJ.-. ..... .25 _ _, ... §...~ .. ·----~-~·-- ft5..!' __ 3~ • .!!f..~-- ~!!! .. -~~-• .... __ __ 
MIN 30. 28. 29. 26. 30. 31. 25. 25. 36. 30. 33. 32. 32. 31. 24. 24. 27. 24. 25. 26. 40. 40. 30. 34. 41. 30. 23. 22. 27. 26. 

___ !til_s__.STA_.~_9.J)..9..9 ______ .5/.f>f> .. ... QQ. •. TU1E.= !3 0 P .. • ... __ .... ..Li;1P~. ~O~KEJ~.UJHL ... __ _!'!_~>(= 0~0 _ ...... M:P:l= ...... § . .!' ___ Q__ .. ....... ______ ......... ... _____ _ 
MAX 66. 60. 48. 59. 46. 61. 53. 42. 48. 39. 41. 50. 5'+. 48. 70. 75. 58. &2. &3. 58. 74. 71. 11. 80. 85. 80. 80. 64. 66. 72. 69. 

_ltiN __ .z~.__3.P."-- 21-.!... . .Z.? .. .!_??.~ .. ?.5 • .. 29 ~ <?.?.... __ 3J.. HL .;3D~ 2.1 .... 31 •. 3 0 ........ 34...!.. .49. .... .H.• Lt.:>. itl• ... .?..lt.• lt..!t~ .. 3.9.• .... P.• 3! ~- .F...! .... ~.'t~ ~9.!.... ... lt3. ... • .. 2...€>· .. ...!~-~---~.? ·---
Nws STA. 43-9099 6/66 OB. TIME= BOO. TE'1P. CJRRECTION MAX= 0.0 MIN= 6.0 

_ J!~_L_2~§h .. Lh.J ... ~.!'.-J.l.• --~2-•. !~ .... ..14.! __ g_B.-. ... 5. .. 4.~ ... 9 .. ? ... ~ .. 7~-L 81-~ ... JH?• .... .1.6~ __ f>9 ~ ... ..7.'?..!. . .!?.~ ... 7__9 ! ..... 8?! .• ..!JL• 8J! .. • 85 .. ! ... ltl:t.• _6;,. _ .!!.9 . .! ... !!.?• ~~-~-Jl!?~.--......... .. 
!UN 33. 33. 33. 36. 60. 63. 63. 54. 41. 41. 46. 35. '+1. '+2. 57. 52. 53. '+5. 45. 53. 53. 42. 43. 52. 6&. 58. 50. 55. 56. 51. 

_ NHS .. ..S.!.A..L .. ~..:...'HL9.<.L .. ___ .. ..1./§5 ... Q.li.• .. TJ.ME:::. 8 QO... ..... ..I.I;.:te • ~P.RR.;CT.;rQ~ .. .J1A X= D .• 0..... ... MIN= ___ f:>-!._9_ ............. .... ... _ _______ ____ .... . .. .. 
HAX 75. 82. 86. 93. 79. 62. 78. 82. 75. 82. 85. 82. 78. 63. 76. 71. 78. 84. 81. BO. 70. 70. 76. 86. 87. 89. 75. 75. 62. 72. 75. 

__ .!U.N ____ ft_&........_.!t_'l-"--~-4._97.• .. lt.6 •.. 4..9!... QJ.• 53~4!?. 51, •. !?2~ .. 2~ .• &o~ .. 55 •. 42.~-~.t.._ 42_-.__~..!t.!. 2.?..~ .. ?.4~ .H~ 'tJ· 1+7• .... 5.9.~ .. .!'>_1_. 6lf:.~ '1:.?.~_.!!.~.56. __ 57. __ !+3• 
NWS HA. 43-9099 8166 OB. TIME= 800. TC:'IP. CORRECTION MAX= 0.0 MIN= 6. 0 
.t1M_J!..!..L.§..h..n~ ___ f?_4_!,_X9 ~-- a.1.! ....... s?.! .... !!Z. _ .11~..!- .. J!~ .. ·- .. ~?·. --~-3. n.~ 10. 7..?.~ .. .1§ .. ~ .. -llQ.~ ... n .. ! .. ___ 8?.~- ... -~h x.~?...?. .. .!_~2 .. • .... i>9.• . . 9~·-_z_g .. ~- .7.2!.._lh_r_o ~-?J•.~ .... ~?.!., ____ _ 
HIN 46. 46. 56. 43. 43. 4'3. 54. 62. 59. &1. 55. ;;5, 59. 43. 43. 53. 64. 55. 58. 45. 45. 50. 59. 61. 47. 49. 48. 50. 40. 40. 56. 
NWS STA. 43":"9099 .9166 ..... oa. TIME= BOp •... fE'1P. ::JRR.EG.TION .. MAX= 0.0 .. MIN:: &.0 ... __ iix--i&~-so~--.. ;·g-~---&7~--56. 72~ i4. &·8-. 74-. 11.- 78~ &!t ... 71--. ·i2. 68-~- .. 62~ .. &i. 7o·:-75~---&ci .... 64·:- .. 6i:- 62. '56. 5o. 56.-5&: ~fa. 6-o~·--62-~ 

-~-IN_~~ ....... .H .. L...2!2 ! ..... 56.~.-~J.!.. it .. o ..... 't:.5 • __ .l:t.?..!....lt-?.! ... ~? ~- ?.1· _3 f.• .. ~.lt.! .... 3~.! .... 4 .. 8..• ... I.~t.~. -~-It .. • ... ~!t• ....... 4!} -~- J.?...!_ 3Q _ _. __ ;3._1L! ... ..2 .. h. }~ ....... 3.5.• .... ~.;l ~ ... 3J..! ..... ~ Q .. ~ .. ~.2..~----~~-~---
NHS STA. 43-9099 " 10165 OB. TIME= 800. E'1P. C:lRRECTION MAX= 0.0 MIN= 6.0 

.. ___!1~..L_60..L.?!+.• .. 5~-- 6!J._o_~_. ___ 5~. 4!!__. . .97• J .. ? .. •_J7. _6~. 51 •. ~?...!.. ?..o~ 5.8_!,_68 .•.. ·u~ ... ~t.o.~ __ 44. __ ~.2.! .... ~5~_..?.L~ .. ? .. l~- ~-?-!_J'>! .. •.)'.~-!c 5_2 ... 2..9.~ .. ~6· .... ?.?! .. ~~· ... 
!tiN 45. 34. 30. 31. 38. 40. 32. 34. 37. 34. 33. 31. 29. 28. 36. 38. 41. 38. 38. ftO. 33. 27. 27. 35. 26. 23. 22. 24. 28. 26. 15. 

_____IDIS __ U.A..L.!t.3.~-~g_9q_ 11165__ _ _ 0.!3 _. I lME = !3 0 0..!.. .. ... TE~ f>• _CORR,c;;_CU_QN ......... M .. IU<:::. .. P .. !..!L. .. ........ t::!lN::: .... ....§._O ______ ... __ . __ __ ...... • 
HAX 44. 58. 65. 65. 41. 42. 40. 45. 46. 53. 62. ;;o. 48. 32. 29. 31. 30. 38. 48. 27. 38. 41. 45. 48. 40. 50. 53. 52. 60. 55. 

____ .!HlL ... ? . .t..!. ,u_,_ .... .?O· ... 30 •. 23. 2_3. 35!. 36 ... 41,. 4l· 50. 4_It. 31...! :1,_8. 1.8 • .1.4...!!...19. 33 •. 30_._12. Hl. J .. o • .11· 1ft.. 30 •. 38. 3ft. 37.! 43. 32. 
NWS STA. 43-9099 12/66 OB. TIME= 800. TEMP. CORRECTION MAX= 0.0 MIN= 6.0 

---1!AL~2...._1~zg.!,_:t.2... .... J.~ ...... f2 .. ! .. 28~_ .. 3.!!! .... ~g_~ __ !!!l! .... ?.f!. __ :._h . .?..?..L._g1· .. ?9.! __ £~ . .!...-29 • __ ~1--~_ .. 't!..!_!...? .. .!. ... £..~!. ... .2_9.! __ ~_?!..-..?..!!..!. _??.!...--~-·- 2~..!.~.9.~ ... 1!.!' .... ~~
HIN 35. 23. 6. o. 0. 1. 20. 29. 36. 37. 40. 25. 11. 11. 29. 8. 14. :n. 10. 2. 6. 16. 18. O. 4. 14. -1. -4. O. 18. -2. 
NWS STA. 43-9099 1/67 oa. TIME= 800. T~iP. :JRRE:TION M~X= 0.0 MIN= 6.0 

-,.;'A>C'·-·22:-z-s:·--33:- 32:· -36. 35.· 1o .--- 2if~ --38. ·3'1~ 2 9. 25. 24: 39 ~- 37 :-·;fa: ·18 ~- 35-~ --z ~ Tif:--23 ... 4o:-4T: .. -4o: .... 5·a·. ·-37 ~ 36: 32~-- 3z. 20. ~is·: --
__ ttl!i..~-~-!1..! ... _2._?.~-J.~.!..2!! .. ~ .. --....L-:1 .. ~t· .... --~· ~Q.! .. t, •.. 4 ... • ... ~ ....... 3_~15_.!_ __ 26 ....... l...L..:!t . .! __ t~ .. : .. ?.?..!_:1JL~--..... -~.!._....2..•_f_~ _ _:3~~~...! ..... ?7 •. £! __ 2~·-· !!! .. !. .. ~.~.!. ..... ... 

NWS STA. 43-9099 2167 OB. TIME= 700. T~'1P. CJRR~CfiON MAX= 0.0 MIN= 6.0 
11AX 23. 32. 31. 17. 28. 29. 5. 2. 18. 30. 34. 3!3.-111. 12. 31. 41. 38. 10. 12. 16. 22. 28. 31. 35. 21. 9. 19. 24. 
11IN -7. 19. 3. -13. -4. -:.-:J:·--i9:·.::-zt.:-:2f.-:--:·2·~- ·r:--:: 1~·. _;3i:-:JJ::-..;i3.""25-:-:9::-12: .. :-if,-:-:i 3. -5. -::.9 • -9. 16 • 2 • -4 • -14:-=i 1 ~-- .. ·-----------
NWS STA. '+3-9099 31&7 OB. TIME= 700. TC:'1~. CORRECTION MAX= 0.0 MIN= 5.0 
ttAx 38. 12. 22. 42. 2~t. 28.999. 36 •. 28·~·-r.a. 55. ;;2. ·2i.· 3&. 36. 3a:·"Za:·-i-z:- .. 2-o.-3o. 34. 38 ... 34. "46-;--·t;if:--42·:·,.3.-·s·o·~· 51. -44--:-47:·--· 
liiN 12.-16.-12. 16.-12. 10.939. 2.-11.-11. 11. 1B. !t. 9. 18. 18. -9.-12.-20. -9. -2. -3. 20. 20. 21. 26. 28. 24. 24. 37. 28. 
NHS STA. '+3-9099 4/57 OB. TIME= 7oo:---TE~P. CORRECTION MAX= 0.0 MIN= &.0 - -
MAX._ 5.2 .... _J)9 ...... _V._j!.....2...~•-.!t..O.J! .. ..2.6. ... 3.8 ..... 36. ft6_ •. 5~_._ ~.:> •... 32 .• _ ::!~-•- .Q2__,._..Q.1.. ....... ~~~....J..!?-"-.~~~___!t-~.___ct.z._...?5._ .. 41+ ..... ltz .•. I:!J.• ltlt•. ?Q• 5.9~. 5.8.~ 56~ .. 



! 
rv 

NIN 32• 34e ~5. 19. 19. 32. 34. 34. 22. 3&. 19. 11; 1&.~17. 28. 3&. 3&. 3&. J&. 3&. 26. 28. 3&. 38. 2~. 24. 25. 30. 27.~ 29. 
NHS SIA, 43-9099~ _5L_&.1 _____ ..!lB~•~__IIME;:: __ l_ODo. _ ~TE'fPe. ~ORRECTION ~ MI\X= ~-D~~.tL .. _Jtli'E __ &~~-lt .. ·-- ---····-········· ·--
~tAX &5. 78. 71. ~8. 58. 5~.·54~ 5&. 43. 55. 43. 53. 49. 55. 60. 45. 57. 62. 56. ro. &3. 55. 54. &4. ro. 48. 48. 59. &1. &1. 59. 
ifrtt 32. 31. 3& 31. 3.L • .2..Z..._2h-ll. ... JZ. .... _3.a.._3.i ... ___ l..Z...._u_..__J..t.t..____!t_3.. ___ !tlt..a_31L,._..J.n ......... J9 ..... 1ts .• __ 3.5._u._ .. .J..3....._3Z... .... .lZ.a. .. Jz . ..__,.L lt.tt. •.. -H. •.. J..L......JL.. 

· NWS STA. 43-9099 .G/67 OB. TIME= 700. TE1P. CORRECTION MAX= 0.0 MIN= &.0 
NAX 62. 75 1 81· 88. 89e 69• f!S. _84. &9. f)h_80. 33. 72. zs. &<!. Z8. 88. 82_..__z.z .• ___z_3.L .. ..2~!!--]Jh ... 1.i..t._8~~~..t-J).l! . ....l5.~ .. s.t....!.....l!2..!...~...1!.·--
MI~ 32. 34. 44. 48. 54. 51o 54. 56. 54. 55. 54. 61. &D. 60. 59. 59. 66. 5~. 46. 45. 46. 61. 64. 54. 59. 55. 46. 46. 47. 46. 
NWS SIA. lt3-9P99 71&7 QR. TIME= .Ln.ll...._ ____ fEiP· GDRR!OCTION ..MA..X:=.... .. ..n_.._(L_ _____ Jtl_N;_ ___ fl.._Q _______________ -----~ ___ .... ---· ...... -----

·MAX 68. 85. 8&. 76. 75. 70• 71. 80. 83. 78. 79• 8ft. 82 .. ·ai. 83. 71. 75. 78. 80. 8ft. 88. 88. 84. 84. 8&. 83. 87. 83. 70. 84. 84. 
jUN It G.·- 6 0 • Dp • ____lt_8_,__.2.Z_,o __ !tL __ .!t.3 •-~ 3 .. L . .5.f>., __ _fl.p_L... 51... 5.1_._ __ 5_5 __ .___ .2.!t..... 5ft . .._ .!il.e . ...5..6.L55 ... • .26,. _ _.5]_,__ 59 •-fl~J) 1.o 6?. .._ __ ,f!.Z.L...59o . 53 .• .5.3 ._ _ __Q_I_t_~ -~L ~_____2-~_. ___ n 

NWS STA. 43-9099 8/&7 oa. TIME= 700. TEMP. CORRECTION MAX= 0.0 MIN= GoO , 
NAX 80. 78,. ao. 75. 78 .. 7_8. 78. Z9..a~....llL ZL._l.&..L-u~. 7~Z.5 .•. 1.6 .... JS.Z.o. .. Jl2.-"-'6..5_. ____ 8ft_, .l..!u .. l.!t.!t....l.!l~~-l.!t....!...-. .l...!U._.Ll, .•.. _!..§.• 6't.,!>._.l2.~_lli.l'~_. __ .lJh._ 
!tiN 56. 4&. 4&. &G. &0. 52. 46. 46. 48. &8, 59. lt3. 50. 52. 51. 53. 53. 55. 55. &6. 60. 52. 4!. 38. 43. 48. 51. &4. 56. 56. 56. 
NWS SIAn 43-9099 _ _g_lftz___ __ ...Jl.li.L...!.IliE.=.....lJUI_..._ ____ .IE.c~.~_;_oRRE.CU.OI'L. _ _l:IAX=.__ O._o ____ ...!:UN:= ..... .fl .•. JL._. ______ ------------ n. __ -------··-·---

~AX s&. 65. 5&. 59. 11. rs. 68. &9. so. zr. 53. &5. 71t. 78. 78. 81. 79. ag. 78. &9. rs. &9. 59. 52; sa. 46. &7~ 76. 73. 73. 
MIN 37. 3G. 41 •. ~h......5..L. .... U.L .u.~......!tL! ... H.L.H . .t.n U.L u _ _.__J 5 ··---~- .. 4Z~ .. .tt8 .. L~L ... 4 ti' .J.k 3 5~. __ Q_Q ... :_ct_6__.___'t_O_. __ ft.!~ ·--~~L-3..! .. • . .li..'L.f:!.~ .. __ &Ji.!L_ ----- .. 
NWS STA. lt3-9099 10/67 OB. TIME= 700. TE'fP. CORRECTION MAX= 0.0 MIN= 4.0 
MAX Zle 58 .. pit. 80. &6. pio 1t.L.... .. ~.L__2_Z_.L...2.9..._..Q.i!_._.2.5........Jl.:l..t ..... !t.L .. ...!t..IL......QL ___ QJL..J!!te 6 __ 7_, _ _2f>..t..lt'f.~___2_~-"----4~J! . .! ~.1!_~---~h :5Q. •. ...2J.~ _ _.2J,.L]\LL_~.L._-__ 
MIN ItS. 42. lt3. 40. 46. 49. 34. 27. 32. 54. 41t. 41t. 32. 29. 29. 46. 53. 51. 55. 37. 30. 35. 30. 29. 29. 32. 42. 39. 30. 26. 26. 

__IDfS SIA .. 43-9099 ___llLQ.l__:_ __ JliL__J_.Il1E_;: __ l.ll.Jl. _____ .H.'t£.~ . ...c.o.~RE!al.OIL ______ _MA_K:;: ___ jl__._o __________ t::1_::t_tE ___ It__dL.r. -------····-- .. . .... ·-· .. . .. _ .. ···--·--····-·--
HAX 50. 63. 56. 57. 53. t+J. 39. 39. 38. ·3&. 35. ~5. ~8. lt2. 28. 28. 24. 29. 35. 34. 32a 39. 31. 36. 37. 33. 28. 42. 30. 24. 
MIN 27. 38. !t9. 35. 2pe_2_2_~2.Z..e_1Ji!.....J..9_,_1.fu~ .. 'f.Q .. L.ll.o ___ .z__o_._..1_6_._~1!t.9 .... 3.!L.._~.!L._--Jt.t......1~.!.-~.~-•-·l2.L.?It• ~_ru_ _ _g~ •.. J ... ;1. ...... ~-•------
NWS STA. 43-9099 121&7 OB. TIME= 700. TE~P. CORRECTION MAX= 0.0 MIN= !toO 
M u 2 1t • u . 3 o. 3 1t. 2 a • .z.o.f._:t~......JZ. 34.. 2 h .... Z.h .. .l..h.. . .!t..~__.__u_._.z.h_a_Q_,__~Jl., ___ ;3..!t !L -~-~.,......!t..!k_4 !h. .. ttz. ! . .z-~ .. !.. .... :t.fl_!_?.4 .. ~ . .J.~ .. i'.-J, .. s. .. ~ __ ?_§~-~.!..-~l~.-
HIN -1. -3. -3. 22. 22. 4. 6. 24. 32. 1&. 11. 12. 38. 31t. 23. 1:3. 13. 15. 23. 36. 17. 17. 27. 8. 4. 6.-10.-10. 16. -4. -7. 

___tiWS STA. 43-3099 11ll_~illh.....Il.Mf...:=_ZJJ~ __ (E_jf~Q.!i&.~J.LQ_N __ 11A_X= ___ Q_. __ Q_ ________ ~Ut::_ __ ~_.Q __________ ----- . . ..... __ _ ... --------------
1\!AX 21. a. 8. 15. 22. a. t&. 10.-16. -8. -2. -2. to. 22. 33. 33. -1. 12. 26. 35. 35. 35. 37 •. 32. 11. 12. 21. 33. 31. 32. 35. 

~~~ 5;::-~~:;~~~ 3. 1~;~~B..t.......::J.~;:& ;~~~! -;-~o-:-?.6.~~~~~-Lg}~~-~-~~-0-;r~u~~;~!·- ~~~--J!t~--~~.:-..J~:-~-2-~ _ u.~ ~io~ .. -~5··-·--k .. ~lh ... ..?.~-· _u. ___ 2_~-·----
" AX 3 4 • 3 5. !tit. 3 9. 2 4. 1 s_. _ _u_,_ __ ~ __ .l.L_ _ _fb .. J .. h... 5. 19 -·---~--....f.!h... _ll._.~~ .... ?...?~-- .!.?..! ........ ~...!-!O~J..!'.......!.~.; __ !.S .. ! .. _g !?_~-- .. .ll.!.. . .J_Q~~.!t_?_!. --------
lt!N 10. 10. 37. 23. 13. z. 13. -2.-12.-12. ~.-14.-14.~13. 3. ~a. -8. -1. -5. -7--21.-19. -8.-18.-17.-13.-14.-11. !D. 
N WS S T A • It 3- 9 0 99 _ 3/ & ~ 0[3. T I ME= 7 0 0 • -~---C.Q..R_&g~J..l.QN._ __ ___MA_){_'=.__jl..t..g _____ J:tU.i~----h!L __ ____:__ ___ . ___ ·------ --------· ... ·--·· __ --··----
II AX 4Ze 30. 28. 9. 28~ 2&. 30. 23. '37. 53. 40. 35. 32. 30. 26. 42. 54. 43. 51. 62. 50. 42 •. 38. 41. 30. 3&. 53. 55. 55. 61. 48. 
11 x N 3 o .. 21. 5. o. 5 • -o • -1& ~L ___ .!u_ti_._A.~ _ ___1_.t_ __ __ p L_ !t • ·--~ 9..!-~!. __ ll..!.... __ ;u, ___ ~~-~J....! .. _l~?!-·---~-9-L~-J?..~ . ...!2.!! .. ..£!+.!. ... ?51.~--£~.!-- 3 s._!__2s -~---· 
NWS SfA. lt3-9099 4/68 OB. TIME= roo. T~~P. ~ORRECTION MAX= 0.0 · MIN= 4.0 
IIAX 64. 48. 45. 52.· 56. 50. 45. 59. 58. 4E!~ .. .2..!~..!!.L..l.Q.! .. ..].Jh....~~.!...2..~~L-~fu ... J2h..li!......2.§..!. ... !..?.!. .. .2.!l!. ... !il'...!_.2.~~-'t.?_!_. ___ i_l}_ • .....:t~..2..~~--28!_. __ 
IUN 37. 20. 20. 27. 36. 18. 21. 28. 32. 35. 32. 23. 29. 3!t. 31. 32. 29. 31. 32. 34. 38. 47. 40. 37. 43. 39. 34. 33. 26. 26. 
NWS STA. ft-3-9099 5/&8 oa •. TIME= ro 0 ~--------lU~~-Q_~_.&.;.C.!.l.QN_~-----·-.J!!X=:_ ... Q~L ______ M_I..~..:: .. _ft.!..!) __ -----------···----·.... ·-·- / __ ------·-···--
ltAX 68. &o. ss. &4. 54. 53. 53. so. 69. 11. 65. ro. &o. 60. 75. ra. a1. s&. 59. s2. 46. 62. &4. &5. 68. 58. 58. 11. ra. 67. 10. 

____1ii!L 32. 38. 30. 30. 36. 41. 25. 2t_t. 24. ~9.L-~3.!....M.!.-~~..L.ll..t... ... ~..t.. __ ~g_._~&.-~9!.... 44. 38_~......JL• ..... I~~--~I_t~-~-?.!...3?.! ... .:g!' ~~-!-.. llL?.'!.'! _ 
!'fWS STA. 43-9099 &/OS OB. TIME= 700. TE'IP. CORRECTION MAX= O. 0 · MIN= It• 0 
~AX &9. 7&. &5. 71. 72. 81. ~f.. 78. 78. 67. §l_i._§_Q_~--L~..!...J2J..!l.• 82 •_Q_?~--~-~..!-...E.I!.!. ... ~.§..~~---? . .!t!_6~-·- _§£..!-l.i• . ....LQ.!_~~--?1\_~--l~.~ --·-
HIN 55. 55. 58. 52. 46. 50. 57. 49. 52. 55. 5~. 55. 59. 49. 50. 52. 54. 52. 47. 4&. 45. 44. 47. 53. 54. 56. 54. 52. 52. 54. 
_NWS STA • lt3-9D 99 71&8 -------~U!1~=--.Lii0.L_· ___ .. J~.'i.e~JL~R,~.!IJION __________ J1A.K= ____ Q_!....Q. ___ JjJN=--.. ':t~.l!. __________ -----···········---- ········-------·····------ ____ _ 
·ux 82. 90. 83. 74. 78o 76. 72. 75. 85. 88. 70. 83. 82. 82. 82. 89. 89. 88. 92. 90. 74. 79. 88. 76. 68. 76. 18. 88. 78. 66. 70. 
!fiN 60 • 62. 55. 52, 53. 54. 't.Q_~__?-~_Lfto _ _!!!!_~ ... !t_';}~_?_6._g_ _ _2_L__R_?._,.__()__Q.,__ .J>~ .. ....Q~~-]_;I,..L.J~.z__. ___ l_tJt_~.!..._2~! . .2J_! ..... ?..~ .. L .. ~& .. ~. ft_l}_~. ~-!} .. ! __ ft]• ~.§.!._.ftJ~ 
NWS STA. lt3-9D99 a/&8 OB. TIME= 700. fE1P. CORR~~TION MAX= 0.0 MIN= 4.0 
MAX 8 0 • 16. 7 8. 81. 8 ?..t.-J!.L_]_L_!..1k__L~-"--· .l_L_L?. ~--&_It ~ . ....L'u .. ji_l._. ___ Jl!u .... Ji.l·~~-~§_§_i'_..lJl.!_L!Lw.L.....2iW.ft.~ .. -..ll.~ ·-~-!'!· _.§...!}.~ '".9-~.J?Jl• .. .&2...'!. _]Q .. L_ 
~IN It&. 57. !t8. 51. 56. 56. 01. 52. 52. 5&. 50. 1+3. Itt. ItS. 45. 39. 39. 43. 37. 38. 58. 47. 38. 38. 63. 58. lt2. 42. 42. 42. 43. 
NWS SIA .. lt3-9 099 91 ..Q_6 ___ ___Q.fL._I_I11E=.J!l..L..... _________ I_~-~-Q.!~.RE.kll.Qli_~ ___ Jl.t . .!L..----l:Utl..::..._!ti...L. ______ ..:_~---------·--··-------·~--- ·····-- ---------
11AX i'fto 81o 81o 74o 74o 7f+o Ofto 76e 75o 78o 75. 63. o5o 52e &2o 72o 79o 80o 79o 82o 85o 8fto 75. 76. 74o 72o o9o 67e 61o 5Jo 
MIN It It • It 9. 56. It 9. It 9.....__2_L__.29_. __ 't..O_,__!U~~~..L-.2.o_o __ ~_L ___ If._Lt__ -~-& . .t .. H-L.AL....!.t.L_.2.h....!t.Z,. __ Lt:1Lt......2Jl..L ... ~ ... .2.L....J!L•_...2.L.._2_7 •. _? ?.L...!t.2..~-----~2 ~-- .... 2.~.!... __ _ 
NWS STA. 43-9099 10/&8 OB. TIME= 700. TE1P. CORRECTION MAX= 0.0 MIN= lt.O 
MAX 5i. 78, 7&. &8. 57!. H. 52. H._!t.!t..e...23..._ . .2!t.,__ •. .2L.....2J..!,~.l.t....P2..s....u.._z~~.l.~--R2-.t.....94.o. 49. 9Jl.,,.?.,A..,~,.,2.~""~·L!t}...!,~!tJtf.~.J!.~-£~-Lt~~'=1H!.,_ 
lHN 3&. 45. ItS. lt3. 38. 31. 31. 44. 36. 32. 32. ltD. 33. 32. 31. 42. 42. 43. 48. ~9. 42. 42. J4. 31. 31. 44. 36. 37. 36. 36. 35. 
N WS S T A • It J- 9 0 99 ~-----...;.__Q~J..I.ME= _L!L\!.s..;._ _ _..,.---.li...U,.!._.t!.QK~~ llJJ.t-l_. __ .:-l1Alt:;__.Jb. Q__ ... ...JiJJi:::... ... ...!t! .. P .. --~·-·"---·"----·····----~-- ...... ·-"-· .. -····~·---~-·-- -· 
~fAX 34. 45. 48. 49. 50. 51. 48. ltl. 38. 39, 36. 33. 35. 35. 28. 33. 32~ 29. 39. ItO. 29. 30. 38. 35. 42. 36. 29. 31. 34. 39 .. 
li IN 2 4 • ?ft. 36. 2 8 • 2!.u_~.A-. . ..Z..9~~-1!t., __ _lb_ __ ,~~.1~Q..._ . ...1l'__._U...!_ . ...1L....Zk~ ;3..1..t.._lli_ t.f'.~ . ......J..§_ u.!t..&-tit .. ,.-J.2.., ... ~.o. •. k1t.<~._:l,Jh .... ,1,h • ..l!t~~ -~-· 
NWS STA. !t3-9099 121&8 OBo TIME= roo. TEiP. CORR~CTION MAX= 0.0 HIN= lt.O 
!1AX ? 6 • 2 9 • 31t • 38.. 3 7 • U • -~'1-~ .. --'.!t.r..~--~--'-fb . .J.~~ -~~.9..A..~..U.s.....a..R., ... ,ll.t~~-...1..!?...-zt} •, ..•. ?Jl.e..~~'-·~~ Z,~.~l~ .!- .?.!? ........... ::~.~--..:. 6.1.~~~Jt ~ .... 1~-~.JlL..l~...b..-. 
liiN 8. 13. 29. 28. 29. 29. 15. &. 7. -1.-15.-16. g. 34. 18. 9. 9. 3. 6. 4. 24· 27. 27. 28. -lt.-17.-2&.-25. z. -4.-11. 
N WS S T A. 43-9 fl 99 11 & 9 _Qlh__ TIME:= I!lJ!...! ________ Ji;~ e_ __ ~ __ \:..QR!i.~!lltL. ___ M A~_P...!.-.9 ... _ ...... HI N= .•.. hQ _________ , _____ ·~·-·-·-·- ... ··----·····- ·----
11AX 23. zo. J-5. 21. 20. 18. 32. 34. 20. t&. 22. 15. 22. 24. 22. 24. 28. 21. 38. 35. 31. 34. 41. 41. 45. 32. 18. 8. 18. 24. 33. 
11IN -2. 8. ;..5. -5. -8.-11.-11. 22. -&. _;:_~_ .. ::.9..!_.=_h __ h_!!h ... ll!......=..8~....!~ .. ..?~ ~ .. ..2..!-... ~:::!!' .. ! ..... _:!.L_--~-~--·g_lt.!._ __ .li• ... ...?.•.::::J.J~.·:..H>_!..~~ .. -?_§..~-
~WS STA. 43-9099 2/69 OB. TIME= 700. TE~P. CDR~ECTION MAX= 0.0 HIN= 4o0 

J,tA.K ..•. ~5 ....... 2 .. 1it .. __ 39~P,,..,_1Z .•.... 5. . .:.2.0. 2.2. 29· 3D. 22 •. 31. 3.!:!.• 30. 10 • .16 .•.. 23. ~2 ... 38. 36. 4.3• 39. 46. 44. 35. 28 • .34. 29. 



If 
1-' 
w 

-··--~---~ -"·--·-~ -~---· ·-·-- ·--· -·--·--·-
!tiN zz. 21. zz. 14. o. -&. -a. -1. -1. 15. 3. 3. 1&. 9. 6. -5.-11.-11. -z. 21. 1s. 12. 1s. 21. 21. 21. 22. 1. 
Nws SIA. 43-9099 ___ll_0_.9.__.Q.a, TIME= L.fLL __ ___f_E_'1~---~QE..RE.I.lO.N. ___ _11_.\X.= ___ _g,_o_ _______ _!tiJ:E_!t_LIL_________________ _ ____ --·--·------·--·-· 
!tAX 3&. 43. lti. 34. 29. 15. 20 .• 23. 27. 30. 28. 24. 20. 35. 37. 37. 34. 3&. 46. 45. 42. 36. 37. 50. 53. 41. '+4. 31. 45. 39 .. 28. 
!UN -3 • -1. 1&. 17.-1 0,-19 • -! p, -It, 5 • i_f2_, __ _1.9_..___12.._1_Q_L_2ft_.._ __ ~L_ ZL..._1_D.....__11_._2_9_L_3_ft_, 3G.~_;n_. __ _1_~~--t_9..._ __ ?_9~ ~~L-2.3..~ lZe J,<)_LJ.8_, __ ]..!_ 
NWS STA. 43-9099 4159 OB. TIME= 700. fEi?. ~JRRECTION HAX= 0.0 MIN= !teO 
lUX 31. 41. 38. 37. 52. ~-· 55. 43. 53~ 48_.___!t__g_~ __ !+2· 51~_LL__.H . .!......2o• 43.!...J!-.O~ .. 'tb....2..h__ltl.!. ~!!~--~h_?.;.~ ... 5J-~~73o_ __ '!!t!!-__ 
MIN 1. 10. 1. 10. 25. 34. 18. 2&. 16. 20. 35. 20. 21. 31. 30. 32. 40. 40. 34. 23. 22. 28. 42. 35. 35. 28. 38. 40. 38. 39. 
NWS STA. lt3-9099 ___2_Lil, __ Q.6__.___!__!_ME= l:__Qjl__._ ____ fE1P. P&.&ECTION HAx=.___J).O MIN= 4.0 -----------
IIAX 58. 58. 67. 63. 58. 51. 58. 56, 59, &4. 53. 55. 58. 54. 54. 60_. 78. 84. 55. 61t. 57. 56. 65. 60. 55. 66. 51. 64. 75. 75. 74. 
!1IN 28. 27. 33. 32. 2L__n_._~_____;IZ__.,_!tZ.._!t_1.!.. .. U~~-h.J.8_,~3.9..e_!!_Z~-li.L.2.!)~J!~~~L-~.'----!t<l.! .... ~-~!.],_7__ •. J~~-- 46~9. 44..!._ 
NHS STA. '+3-9099 6/&9 OB. TIME= 700. f~1P. CORRECTION MAX= 0.0 HIN= 4.0 
HAX 6/to 78. 65. 74. 52. 73. 6~_il_,___~~-~.! ... l!h .. 1!.9·~..!---2.9 .. ~-__12 .. !t ... • •. ..L2.L .. ?'~.~---2.!k-.l.!h...LQ..! ... !U .. L.2.!h..i;llt-..J.?• .. 91~ ... !tL. 7?~----
UN 36. 46. &3. 43. 37. ft3. 50. 49. 38. 41. 42. H. 5~. 65. &4. 59. 43. 45. 49. &0. 43. 43. 54. 54. 55. 44. 49. &7. 61. 49. 
NWS SIA. lt3-9099 7/69 oa. TIME=.JJl.fL.._ _____ _flif_..__ .G.O.RREt.T.I.O.N __ .I1AX:: .... 0."0 __ ... .ti.UI= .•. h.JL ..... __________________________ ..... _____ ... 
MAX 80. 78. 72. 75. 80. 76. &4. 68. 74. 75. &&. l!l. 75. 71. 75. 88. 92. 87. 85. 7&. 78. 77. 78. 82. 80. 76. &3. 75. 75. 80. 80. 
MIN s J. _lfi..___lt~!t..:.._.2.z..._3~.3..9.~--;rr_~ __ ~'l..-.-!i2..!....2.~u._f>.z_L_Q.!L... .. &.3 .... 2.2 .... -~z... ___ f>.J!, __ &_tt_._ ~t<l,___?.t _ _., _ __QJ.,__. _ ___Q__z~ .. --ttf3 __ ! __~±_! L':+7.• . tt:s. ~-Q !.. . ..9...?.!.. .. ~~~ _ _r_1._..§.li!.. 
NHS STA. 43-9099 8/&~ 03. TIME= 700. TE~P. CORR~CTION MAX= 0.0 MIN= ft,O 
11 Ax 8 4. att ~-. _ ~----~?.!...J.2..• .... l.?...!-~J-~_li_J_,!_ -~ ?_L:u __ ~_.L!l...L .. r~ L.z ~LJ!fL-"----~~-!-!l.? .. ! .. J~L.!... .. ZJL JHL~J.:.5_~.2 €:!..!... .. § .. lt.! .. ..§.9~ -~-!L. .. s!t_ !. ... L9_!..-Q.~ ...... r..o.! .. .J.]..~-?.!t! .... J!L 
t1IN 60. 62. &5. 59;, &2. 51. 63. &0. 62. 58. 59. 52. 49. 54. 63. 63. &5. 63. 63. 43. 43. 37. 40. 49. 55. 48. 36. 39. 56. 48. 49. 

-~I_h_43-9.1L9_9 ___ ___cu_f>_9___ _______ __Q_~~-__Ilt!E= 7_0_0_. _______ [_t=;_'1f3_! ___ :;_Q..R.~!i_ _____ ....MAX...=: .... ..O.-"-O-......... JU:.N= __ !t.!.JL.. . ____________ .. __ . -------·-·--· . -----------·-------·-·--
ltAX 87. 87. 12. 74. 80. 80. 79. 76. &3. 01. sa. :>5. os. &7. 74. 76. 76. &3. 58. o2. &o. &6. 72. 73. 11. 59. 55. 65. 57. 51. 
!UN 6Q.~_!)-~_,_51_.____.2Z_._____Q_l_..__ Q1._o_ 5E)_! ___ ll_!_ __ :ulo __ !t_~---2_~L...!tft ..... lt2LrrL2.l! . .Jlo .... :!J,L Jt'·--~-~~---l6!_.3_9._o ~.lt.!. .. 't_f>.! ... 51o _ _?2_!_._4..~.• ~l~.J..?..o __ . 
NWS STA. 43-9099 10/69 03. TIME= 700. fE"'P. CORRECTION MAX= 0.0 MIN= Lt.O 
MAX 57 • 61. 63. o Q-L-2.{L. __ §1.L..L.1..!.......f>..9..!..l_L_f>.? ~-- 6h ___ QP...! . ..Q.:h_.2~~- H!......?..~~---'2.?..L.?_2. __ __2_f>.!._.2.§~!--3.-§.!......~~ !.-~L._~? •--· 4!i.!_lt!l!_~_!.. .. _':!:_Q...!. ... ~9...!.... 
"'lN 37. 36o !t2o 46o 29o 29o 32, 43, 38, 31, 31o 34. 44o lt6c 28. 24. 24. 34o 30. 32o 42. 34o 26o 14o 14o 36, 35o 2!), 20. 20, 20e 
NHS STA .__!t_3_::_.9._q_9_9._ ____ ..1._t_L_f.!3_ ____ _illl_L__'{_t_~l;:;: __ 70Jl._. __ .. H.'tf3_.!. ___ :;QR&;:_~ __ ll.O.tL ____ MAJ(:= __ o_~_Q_ . _.!U.~:= _____ ~_, __ ()___________ -------·-- .. _ _ _____ -------·-----
11AX 51. 48. 52. 61. 61. 51. 50. 57. 61. 59. 51. 4&. 48. 45. 44. 42. 34. 40. 46. 50. 38. 23. 27. 30 • .32. 31. 38. 27. 30. 37. 
HIN 21. 1fu_ft~..!....!!.!h_!f.fLLit_lt_,_ __ lf:~ .• --~!L... :!t~~----4~t~- _ct_tt, __ ~~-L-~9.·. _a..a.LJ~.L z.z_!_z.lf:._ __ 23.__ 3~h ~~t._ __ ~l-_! _____ &.!' .. -~!_~o-~-- ~..!. ~-!.. .?.~ .. L .. P..~ ____ Jt~....n. ____ _ 
NWS STA. 43-9099 12/&9 OB. TIME= 700. TE1P. :;oRRECTION MAX= 0.0 MIN= 4.0 
Ill AX 31. 33_. 1s. zs. 20. ?_~J..J.L_2.ft...! ... ~-8-~---~~ !.__~;t~ __ :;_g_. ___ ~o--~--»-...!.....1..?.~ ..... ?.~_!._~-~-!_..?.g_..!. _g_? • ___ ?~~-...?-'b_.26._...?a . .!_ .. ~~-JQ_!...l..?...!. ... U.! __ 3h~'+~_.?..h.J.~!-
"IN 16. 13. 4. 12. 16. 13. -2., 0. 27. 36. 36. 41. 32. 14. 16. 22. 19. 18. 17. 22. 11. 16. 2. -1.-20.-20. 13. 24. 16. -1. -1. 

~_SIA. 43-9099 __ 117.0 ________ 91lLH . .t11;_:;:_ 7:~0.·. ______ TE~~·--..CD&B.;:_4I.l.Q.t:l J:tA.X= O. 0. _____ l!J .. t-!:=.. ... ....!t•_!L ____________ --------.. __________ ·-----------·--· 
1AX 18. 14. 18. 18. 13. 16. 21. 16. 12. 15. 10. 9. 10. 11. s. 5. 18. 29. 17. 5. 11. 3. 5. 9. 14. 20. 29. 28. 35. 38. 21. 

-~13. -12. -15._-=:l.f>.., __ -:.1_!'-.!_::i .. L.._:-.6 ~.::..1..9..!! .. -:l? ~----:-:-_:I.! __ 3_._~1 r._~:-:- t.Q_. __ o ._-:.Q~-~_1..f>._._::_14 • ___ 1b_::.~2 .. !!-:-.f.~.-:--~~·:-:-.13.:-:-~J.!-:-_17.__!.::.16 •-- lt. __ J-.2! ..... ~-·- 12...!. _2'!.• -H!.. 
.NHS STA. 43-9099 2/70 OB. TIME= 700. f~1?. ~ORRECTION HAX= 0.0 MIN= !toO 

MAX 25. 42._ 45. 42! ___ .2_J_Q_L_~_?L~~ -~-!_! _1_1:_1,~----~-4~ --~-§_.._ __ J,._~-~-!!1.! .... 1..6 . .! .. 2..!.~ .. -Z.!!...£~· _39. 3_Q..• ... ?h 24.• .... U~----8_, ____ ??..!..29•_ ... L!..._gl_!... ____ ------·---·-
HIN -11. 18. 22. 9.-18. -6. 6. 4. 2. 3. 33. 12. o.-19.-19. 2. -2. 2. 8.-12. -5. 3. 8. -6. 3.-14.-14.-11. 
~ll.!......_ft_~_":'_9_()_.9.L __________ 3__!_l.!l_ _________ o_a. IJJ1J;,:=J_oo. ____ T!;tP .•.. C.Q.l~KE.!L.Tl.DN __ .......... J:!AX:= .... J).O ________ tt!H= _____ It~_o_ ...... ... _______ _ _____ ............ __ 
MAX 34. 28. 37. 33. 40. 35. 28. 37. 2&. 21. 22. 30. 3&. 31. 35. 31. 31. 37. 47. 51. 51. 36. 49. 40. 43. 40. 42. 38, 40. 27. 35. 
HIN 1s • __ 2 o.~.: .. ~-·----~-~-L~.'t~ ..... u .•. t .. ~h l9_~_ --~--'?_,__ __ -:5 ...... 1~. _z_z • . zu L .. t .. 9 •. . z.z •.... :-.~ __ ,.___:~·-----tt-.~--- 9_. 9 •. ,t.-~-- ::s!±.~--~E>.~----l...'t_"-_ ;3f?. ____ t&~ __ ?? . .!...._.?!!.!. .. 22-~---- 8 ._1 g'! 
NHS STA. 43•9099 4170 DB. TIME= 7110. TE"'?. CORRC:t:TION ' MAX= 0.0 MIN= 4.0 
MAX 42 • ft5~ _ __1L_.J?.o __ t_~-~--~J}~ __ _!t2_~ __ 1t5 .. L.22.!.. !?.'±• .. !t!~.--.Jh .. ~§ • 50~ 59 .• ___?._? .. • ..... Q_g..!.. _ _p_~~.7.~ ... .'+?...!._.~-~---'t.h...2±..!._'?J.~ ... ~~-.! .... ?§.•_ ?'J ~-!.8..!.]~-~- ?:.!.L_ .. _ 
MIN 14. 18. 34. 26. 13. 8. 12. 24. 31. 31. 28. 29. 31. 24. 26. 2&. 34. ItO. 30. 24. 29. 40. 34. 41. 43. 31. 34. 36. 39. 34. 
NWS STA. 43-9099 5/70 OB. TIME= 700. fE~P. ~ORR~GTION MAX= 0.0 MIN= 4.0 

-HAx~87"~---7~-:-sz.·&·g:--&9.- ~ts.· ~5. oo. &o. 6-3~--75~-&7.---&s. '&7:-ro.·-·65~---55. · 5s. ·7s. -&8.--·ir. 73-:-- £;;8. oo:--s1.-- &3:-58. ·-sa.- i2~- 11. 
MIN 39. 56. 46. 33._ 34. 45. 35. _36. 41._ 42. 52, 50. lt&. __ 49. 34. 33. 52. 50. 44. 46. ~8. 41,. __ 47. 39. 37. 45. 47. 37. 31. 34. 43. 
Nws sr A. -,.3-9o99 _____ -6-t7o ------ ·a a.· ii"ME;· 1o-o ~--- -----,.-~iii-~-- :;oRREc.iro'N --- -HI\ x= · -o~-o -- 11J:I'i;-· 4~ o-- - -- - -------- · - ... - - -
HAX 85! __ Jt!u ... 8Jt.!.____l_?_!...]?•. 75! .. e;g__. f»....9.~----~lJ.L.~~! .1J5. C!.~ .... J4.! _6~ •. .l..?..L.Il..1~ !tQ .. ! Jtt~ 80._1)_0. 51}~ .?2• ..... .?:~-~-J~· 85. _f>lt._ 7 .. 2~ ... ?-.2• '1.:~!.-J'o.~ _ 
ttrN 53. &3~ &lt. 52. sz. 51t. 56. 51. 53. 52. 54. +8. B. 35. 39. 43. 52. oo. &2. 53. 51. 49. 46. 44. 48. 36. 42. ltlt. 40. 44. 

_ ___N1t_S___S..~ .... ~ .. 3-~ .. 9~99 __________ 7._l.7_0 ______ 03. HMI;= 700. J::1.~. __ GO.R~E~Tl.liJ:L -~-AX.=:: .. J! .• o .. tU_N= _____ Itd _____ . ___ ... ____ _ _ ___ ... 
MAX 63. 78. &8. 80. 60. 7+. 78. 81. 85. 67. 85. !l2. 75. 73. 79. 74. 78. 82. 80. 78. 62. 73. 7&. 85. 89. 90. 88, 90. 91. 89. 92. 

_____ !tl.!'i ___ .?_'t.._.2.!L. ___ fd,. &.?• 59_. ~a. 48. sa. 57. e;o. &3 .• 53. 47. 4&_. 48. or. 59. s&. 45. sg. 55. ~t.s. 48. 51. 55. 61~ oo. 6o. o1. 62. ~~-!.. 
NWS STA. 43·9099 8/70 OB. TIME= 700. fEi?. CORR~CTION MAX= 0.0 MIN= !toO 
MAX s&. 83. 82. 78. ro. 77. 79. 82. 65. 88. __ 68. 83. 76 •. 88. sa. 89. s9. so. 75. st. 76. 12. ro. 61. n. _75. 82. ro. 75. 10. 66. 

~IN 1 z :&~58~--s-6-:-·-~s:- ~7 ~ ~a·: -~-9: 51·:- 5 c;-:·- s·s-:---~o-:-·-s·s:· 5·7 .----Ta ·.··-59~· &3·.-·-lt·a: ·-39. ,.,; .- -5·3·: 45 ~ ···49-~ · 58. 4s ~- s-2. 51:· r.s. ·~;r;;~;i:-4-7:-· 

NWS STA. 43-9099 9/70 06. TIME= 700. TE~?. CORR::GTION MAX= 0.0 MIN= 4.0 
---li'Ax-61+~-59:--·r;s·~- 65~--77. 64. 5-8-; &3~ 66. &4~ ro. 57. 75. 73~ 63. 52. os~---:;i. s9. :,8. rl;. ii~--·aa:-7il". rs. 78. ra. 5·9. &t. 53. 
__ ftl.N __ ...!t.l_.__~Q~____;!5._o_ l_l.!.._..f>.0_ __ ?_g_! .. ? .. It o ... ?.~.• .... '?.t.!. .. 5lo __ ft!h_ __ 3_!)_,!.. ~.(!_, 't.'t o ~_'?-L_~gL_lt_~--L. 4ft • ..... '2~-~-- _ _!f_'i.!._ __ ~2 o lt2_~_4l!..!....~-~--2Qo _ _?._!} • 3~, 3..8 .. ~---!t~.~--

NHS STA. 43-9099 10/70 DB. TIME= 700. TEi?. :ORRECTION MAX= 0.0 MIN= 4.0 
~.!....28...!..3..2.,_..§b.__?_~-~-_5_j,_! .. !i_3 ~.l't:.~ !.Q•---~-1!.!...1.5! __ E!Il_!.. __ o_Q__~--§f?.!._?.P .• __ f>..!..!_ __ ,!t~--J.9....!. . ..2'+.• .. '+1?.~ __ ?_3. 60. 61. 53. 52. 5 .. 8..~. z..~~--?.5..~----56_~ _ _?._I.!_ __ 
MIN 39. 39. 42. 37. 38. 30. 32. 49. 47. 4Lt. 44. 59. &2. 61. &3. 44. 32. 2&. 26. 21. 21. 32. 46. 56. 49. 48. 42. 21. 22. 21. 21. 
NWS STA. 43-9Q9g 11/70 OB. TIME= 700. T~iP. CJRR~GTION MAX= 0.0 MIN= 4.0 
HAX 55. 60. &5. 51. 53. r.2. !tit. 51. 4rt'~- 51. 50. 55. 53. 52: lt4. 37. 35-:--32: 41. 41. 46. 41 •. 45·:--35. 25-. 28--. :fo~- 3~.-35. 3'6~--------
!iiN 21. 34. 36. 26. 28. 33. 36. 22. 18. B. 34. 4+. 39. 44. 39. 38. 24. 2ft. 24. 36. 39. 31. 35. 14. 13. 9. 13. 32. 36. 35. 
NWS STA. '+3-9099 12/70 OB. TIME= 700. TE'fP~- ::oR'R::C:T'!ciN ______ MI\X-;----o:-o-----MIN=·-~-:o------------- ---------------------------

_HAX 38. 40. 51. 45. 3D~ Z.3 .. ~ 24. 1~. 10 •. __ ~6_. 20._.~~.Q... ___ 24.,J.,!i.~.21. 3 .. 0 .• 23 .• 29. 29= 10. 6. 22. 24. 15. 19. 20. 11. 16. 9. 



'r 
~ 

~IN 24. 24. 24. 30. 16. 14. 13.-12· -5. 3. 9. -g. -3. 15. -4.-14.-14. 13. 19. 21. 4.-24.-21. 9.-10.-10. 13. 13. 9.-10. -1. 
· ___liliS_S.I.A .•.. lt.3:-:-_9.ll9.9 _____________ 1/71 .08 .. TIME=. 7 0 0. fE 'I P.. CORRECTION MAX= 0 • 0 . MIN= .4. 0 __ ··---· 

1'11\X 20. 15. 26. 29. 33. 35. 25. 22. 5. 12. 20. 32. 20. 5. 18. 21. 1. 2. 2. 1. 5. 26. 30. 31. 35. 40. 35. 9. 2. 23. 28. 
~...___Q...__.15...._..:::i.._ _ __9_o _.2.fie. 2i.-.1.1o -24;.-:.24 o .-2 .• .2.D.-.:-27o .. -:.25.o.. ..... O a. .• -::.D.- :-2Ze..::.27.o :-28 .-30 .•.. -28 a:-.18 • .::::.2.• .. -... 1• ._ .. 6 .• __ 19. .• 11.-:1Q •. .=.16.e .... :-.9._~ 
NWS STA. 43-9099 2171 OB. TIME= 700. TE'IP. ~JRRECTION MAX= 0.0 MIN= 4.0 
HAX: 18. 9. -It· 8. · 18. 29. ~.l...._J_~ __ It.l.."-.J..!t...,. ~.O.~...h...J..!!.L-'t4· 35. _<!Q_, __ Z.h~t.~ .... 42.~ .... JZ..._ll.~..M-~.- 3.~ .. 1!!.!! •. ~1!..... J!t• .. _lt..lt.~ .... Jfh. __________ ., ___ _ 
HIN -27.-27.-22.-25.-24. 13. 7. 6. 30. -5. -5. -1. 29. 33. Q, -4. -8. -8. 29. 11+. 22. 21. 6. 20. 5. 17. 23. 36. 
Nws uA. tt3.-:.9.0..9..9. ____ .llll ____ .. _o.a. _.THI.E .. ::: .... Lo.o. .......... __ TE'1P_._..G..O.RR.2:.C.II.Ot'L ______ .M.AX= .. o .• a___ _ .M.I.N.:: ..... It.IL____ _____ ----·---~· 

~AX 41. 34. 32. 32. 29. 25. 36. 34. 31 •. 18. 34. 33. 34. 44. 48. 47. 45. 31. 30. 38. 40. 34. 36. 34. 28. 27. 33. 41~ 41. 43. 39. 
HrN 29. t.z_._s_.____g_._.z1.L_ ... 4 ..... ..7..____.19 .• 1& ...... ::.2 ...... --:.1 •. z.:; _ _. -4 .•. :-2 .... J2.._ J..1 .•. z.P ... &. .4 ... _fu_29~ __ a2 ..... .,o ... .. z • . 1Lt: .• -3 .•.. -.1 ... 3 ..... 2.3 .•. <::.5!- ~t._. 
NWS STA. 43-9099 4171 OB. TIHE= 700. TE~P. CORRECTION MAX= 0.0 MIN= ~.0 
Jt.AX__3_2..t __ 4..2_.._~1t_9_._il ..... _'t.2 •. -.ti• .. -JJl~--33.. ___ 5Z. .... 4.3 ..... ;)_~ ... Q1§ __ ?!t ...... 3 .. 't •... 3.9 ..... lt.L. 4~ .... 't6! .... 2~·- .. ~!?_. __ 46..•~-'±Q-!.-.. 1.9_.._ 56L. .. 49.~ ... 't?.·.-~'h. 2J3 •.. 'f.S. .. ~------
HIN 8. 18. 35. 29. 15. 13. 21. 18. g. 15. 36. 25. 30. 36. 24. 24. 19. 28. 36. 31. 35. 36. 35. 26. 34. 36. 35. 31. 34. 39. 
N..liS__S_I..L __ Lt~..9.0 .. 9...9 _________ _2Lll ______ ..J)B.LU.!1E=.10.0 .•... --.. .I.E.~.P... ::;oRRi::.CJlil.N ____ .. _MAX.::.Jl~.O ... __ _l1lN~ .... It.s .. JJ ------ --·-·· . __ ......... --·· - ....... .. 
HAX 55. 53. 53. lt7. 44. 55. &4. &3. 70. &4. 75. 80. 78. 50. 52. 75. 58. o3. 81. 89. 84. 59. 54. 53. 65. 64. &2. 56. 63. 79. 79. 
H IN 34. 3_h.._.ls_.._tt_z..._.'tJl._;u~ ___ 3J.L.z 3 ·---~-z .... ..Jit .... :t§_... .u.~ ... !tlf.~.. 3.8 ._ 2 a ... ;u ._ ~tit. .... lt.z . ._ .. ~t5.,. 5..!t.• ... P.O .. L2J .___1.1.. 3 o ~ .3J.,. .... 52. 5 o _ _,_ __ 't9 ._ 35~ --~-~-· 4~.~--
NHS STA. 43-9099 6/71 OB. TIME= 700. TE1P. ~J~REGTION MAX= 0.0 MIN= 4.0 
!tAX 63. 58L 78. 71. 71.__Q_L_J:b ... 8 .. 9..!!__l.9_,_f&......_.!i!t..t..fl._, _ _l&.o_.ZJi-t.-.l.fl • ___ 73_,_.Jill~ .. 82.L.H• .. ~.o....!.--~-~-?.!L.!._l9~ .. J}g • . .?..f? .. e..._.!.~.L 72 .... . L?..• !tiL• -~~-•--,.---·- _ 
HIN 33. 33. 38. 53. 34. 34. 42. 51. 54. 37. 34. 3;). 48. 47. 51. 46. 52. 43. 5·3. 55. 53. 53. 55. 51. 48. 52. 46. 45. 49. 57. 
NWS STA. 43-9099.. 7171 .... .Jl.B..___Il!1E.:::. l.!LO_. ________ L2:.'1J>. ::.ORRE.CU.ON _____ M..!\X.:: .... 0 .•. .0 __ ...... .!Uti:: ..... .!t..§. .. O .... ___ ···--·· ....... ------------------------.. --
!tAX 92. 62. 73. 69. 80. 86. 78. 79. 82. 86. 81. 71. 72. 78. 70. 78. 80. 82. 70. 74. 70. 79. 62. 86. 83. 62. 87. 78. 80. 72. 80. 
tl IN 66. 57 • ..!t.3.. .. __ll,__~.ft.._ .. 5_9.o ..... 5..3.1. . ..5 .. 4.~ .. -5L... .. 5D .•. __ i,_1L.!tJJ,. .. 4.4.. .... .5.2 • ... !t9.... .. 5..3. •... 5.3 ..... 5.2..t. ... 5..3. ..... !t6..L ... ltl_. __ 't9 .. ._ ... 5..9 ...... 63 ... _.61.t ... 6.lt .. L..4] • ..... !t.6..L .. ~ ... Q.Z..!. .. _ 
NWS STA. 43-9099 8/71 OB. TIME= 700. TE1P. ~ORRECTION MAX= 0.0 MIN= 4.0 
"Ax a 2 • at • a.2. 1 o • 1 o. .J.J.. .•. Jo .• _J.J..._s.~t . .........8.2.~.-6.6 ......... Ji.L.. . .ll .. __ 6..1.~_. ___ flZ .... ....Z..3.~ ... 6.2 .. L.a 4 ......... ~..9.L..1..9 ,___~J.L..La .• ....3 .. 2-L-.12.~ .. ,_ .1P .. a.._Ll}_,_lJ!._t_ 9_L .. ....15...Jt .. J..2_;_ 
ttiN 62. 62. 67. o2. 47. 51. 56. ~+8. 54. 56. 63. 55. 4&. 47. 55. 56. 43. 44. 53. 54. 57. 55. 56. 47. 36. 41. 54. 5.4. sg. 55. 42. 
N WS s T A. It 3- 9 o 99 ..9.Lli_ ____ .Qlh .. J...IJ1E:_7Jl.O , _____ ... J f.~ P_!...__;_QJ:?RE.CJ!.QN ______ ...M.A. ~;:__JL.o.IL....... l1 IN~ ...... 4.e..ll.. . ·-··----· ----------····----- --·---·---·-· -----··--
ltAX 68. 70. 76. 80. 85. 82. 70. 81. 84. 7ft. 77. 77. 70. 72. 56. 78. 73. &3. 65. 69. 55. &1. 69. 69. 54. 60. 65. 68. 64. 70. 
11 IN 33. 40 .._.Jt.0_2 6. 6 2. Ei!t..t......& .. J.._ ... 9 .. 3..L....2.t.t .... _~2 , ___ It ft.• It 6 ... __ M . .t .. f>.!t. ,_!)_ft_. ___ f!J.L 5..3.L..5iL.!t.!l ...... lt.l.L.. 53 L t,_Q.!_...3..1l .. L.11:.1 .. --.Jg ··-· -~1L. ~-lt. ..... ,H~ .t .. ?..~ .. '!..~-!'..---



MAT FOR AREA= 01135500 3170 
.. 1.6 ... - 21. 2.5. 1B.. I .15 •..... 25. .. 3 . .0 ..... 13 •. .f ........ £). 1 g. 27 • 8. I -j_. 19. 32. 23. I 18. 26. 30. 25. I 

22. 23. 24. 19. I 16. 26. 31. 18. ' 12. 19. 23. 1 O. I 3. 12. 18 •. 10. ' 6. 14. 20. 17. I 
16. 21. 25. 22 • ../ ... -20. 28 •... .32 •. 21+. I . .. 20. 25. 29. 23. I 20. 26. 29. 17. I 11. 21. 27. !1. I 
-1. 15. 25. 16. I 12. 24. 30. 15. ' 8. 29. 41 • 2 0. I 10. 32. 45. 24. ' 14. 33. 41+. 32. I 

. 27 ..... 31 ... 34 ..... 31 ... ./ ... 29 •. _39 .... 4~-•- 35. I 3 o. 33. 35. 31. ' 29. 3 4. 37. 30. I 27. 32. 35. 23. I 
17. 29. 37. 30. / 27. 32. 34. 23. I 18. 29. 36. 21. ' 14. 20. 23. 12. ' 7. 22. 30. 16. I 

···-···-··-9· 25. 34 •... 2i .... _/.. ____ 

MAT .FOIL.AREA.::;;L0113550D. 3170 -· 

16. 23. 26. 20. I 17. 27. 32. 14. ' &. 20. 2g. 9. I -1. 21. 34. 23. I 17. 26. 32. 26. ' .23.... 25. 26 .• . 20. L 17. 27-. 32. 1.9. I 13. 21. 25. 1fJ. I J. 1.3. 20. 10. ' 5. 15. 21. 16. I 
16. 2 3. 26. 23. / 21. 29. 33. 25. I 21. 27. 3 0. 23. ' 2 0. 27. 31. 19. I 14. 23. 28. 9. I 

··-··--"'"n .. 16 .. 2.6. 16. ..... .1... 11 •.. 24. 32 .. 1.5. / 8. 3 0. 42. 21. I ill. 33. 46. 24. I 14. 34. 46. 32 • .( 
26. 32. 36. 32. I 30. 40. 45. 36. I 3 2. 35. 37. 32. ' 30. 36. 39. 32. ' 28. 34. 36. 24. I 

- ...... 1.6. .. 30. 38. 3.1 •. / 27. 33. 36. 24. I. 16. 30. 37. 23. I 16. 22. 25. 13. ' a. 23. 32. 17 • I 
10. 26. 36. 22. I 

MAT FOR AREA=H0113550C 3/70 
----1.5. 2.0. 2.3. 17 • .I ... 1.4. 24. 28. 13. I 5. 18. 26. 7. I -2. 18. 31. 24. I 20. 25. 28. 23. I 

21. 21. 22. 17 • .( 15. 24. 29. 16. I 10. 17. 22. g. I 4. 12. 17. 10. ' 6. 14. 19. 17 • .( 
.. 15 •. 20. 23 • 20 .. J._ 19. 26. 30. 23. I 19. 24. 27. 22. I 19. 25. 27. 14. I 9. 20. 25. 7. I 

-1. 13. 23. 16. I 13. 23. 2g. 15. I 8. 28. 40. 20. I 10. 31. 43. 24. I 14. 32. 43. 33. I 
z·a •. 30. 32. ln ..... ../ ... 29. 37. 42. 33. I 29. 31. 33. 30. I 29. 33. 36. 29. I 25. 31l. 33. 22. I 
16. 28. 35. 3 0. I 27. 31. 33. 22. ' 17. 28. 34. 19. I 12. 18. 21. 11. ' 6. ?0. 29. 15. I 

---·-·· 9 ....... 24. ..3.3 .• 2..0 •... .L .... 

td· 
I 

1-' 
Vl 



HAT FOR AREA= 01135500 ~/70 
1:5.--Z-9..--. .... -l-9.--2.9.-L.... ____ zs .. _.J.U..__.33.-... ..z.9. ...... -l. .. - ... 2& ... --.-l1k--.31 ... -.24-. ...... L. ..... Zll..__ .. za. 32. 19. / 12. 24. 31. 14. / 
6. 25. 37. 27'. / 23. 34. 40. 29. I 24. !to. 50. 38. I 33.,' 48. 56. 38. I 29. 34. 37. 27. I 

-.-~--Z-7--- J.n...----z.a .... -1' .. ----Za.-----Z&..- tt..o ...... 3.1...- .t.- u: ..... 38 •.. 44 •. 29 .. .;. . 22 ...... 42 ...... 53. 34. I 25. 41. 50. 33. 1 
25. 44. 56. 43. I 37. 50. 58. 40. I 12. 38. 41. 30. I 25. 34. 39. 27. I 21. 31. 37. ·32. I 

--34-.--.lL..-----4..1-•--·--3.6._/ ....... --31+.- .41..----tt-5 •.. 35 ... I -- 30 •... 38. 43. 39 •.. / • 37. 41 •. 43. 37. I 34. 44 •. 49. 35. I 
26. 51. 65. lt5.·1 35. 59. 72. 49. I 38. 57. &9. 50. I 41. 57. 66. 46. I 37. 57. 70~ 56. I 

----------~--- .. ----------- ·--·---------------- ---------·- --- ···--- .. -
MAT FOR AREA~01135500 4/70 

-1-S--.--.3.1- -4-0-----l..n. 1-----25. ..... _J.i... ___ J.5 .. ·- 3.1k-.l -- 26 •... 31. 33 .. 25. 1- 22. . 3 o. 31+. zn. 1 . 13. 26. 33. 15. I 
7. ,27. 39. . 28. I 22 • 35. 42. 30. I 25. +2. 52. 39. I 33. ft':lo 58. 39. I 30. 36. 40. 29. I 

--24..--2-8-o----.3.2--o---2 9. .__.t. ......... z.s .... 3.l .... - ... 42 •. -.33 .... J __ 2.8 .. 39. ItS. 30. /. 23. 43. 55. 35. I 26. 42. 51. 34. I 
26. 46. 58. 44. I 37. 51. 59. 42. I 34. +O. 44. 32. I 26. 35. 41. 28. I 22. 32. 39. 33. I 

----lo.--J..:a..__-4.3. ... - .3.a...... ... .t._..J.S.. __ J.w.._ ___ r.z. .. __ ... _ 36 ....... L ..... 3.1.. ...... r..a •. r.s •.... 41. 1 38 .. 43. 45. 39 •. / 36. 46. 51. 36. I 
29. 53. &6. 45. I 35 0 60. 74:• 49. I JS. 58. 71. 51. I 42. 58. &8. 47. I 37. 58. 72. 56. I 

----------·--. -- ---------··----------------------
MAT FOR AREA=H01135500 41l0 

--14..--- 28 .... - . .3.7 ... _.z.a .. __ .J'_ ___ 2-4-----2.9 ...... 3.1 ..... 2l .. L--25 .... 28. 31). 22. I 19. 26 ... 31. 18. I 12. 23. 29. 13. I 

5. 24. 35. 27. I 23. 33. 3'3. 29. I 24. 39. 48. .38. I 33 • 47. 54. 36. I 28. 32. 35. 2'5. I 
---Z-1-.---.. 2.5 ......... 21\.. .. -.2-7 .... -L.-- 21'----3.14---.. -.3-a·----- .J.Q. •... .~. ______ 21). ... ' . __ J 6,. 42 .... , 28.-f 21 ...... 4ll. 51. 33. I 25. 39. 46. 32. I 

25. 43. 54. 43. / 37. 49. 56. 39. I 30. 35. 36. 28.' I 23. 32. 37. 26. I 20. 29. 35. 31. I 
--2-9.. ...... .3.5 .......... .39-..... 35. ..... 1- -3..3 .. - .. l<:lo-----43. .. - .. 3.3 ... -1- 23. ... 36 .... 41. 36. ... I. 36. 40. 41. 35. I 32. 4·2. 47. 33. I 

27. 50. 53. lt4. I 35. 58. 71. 48. I 37. 56. 67. 49. I 4 o. 56. 65. 45. I 3&. 56. 66. 56. I 

'tf ..,., 
0'.1 



If 
.!::1 

CONSISTEN;Y ~HECK FO~ MAT P~J;~~i 

-------·---~---~--~- -·--·--~------··- ----··--·-··-- __ , _____________ ·- .. --···· --- . ·---- -- ----------------------- ·------~ -- .. 
STATIONS WITH POSITIVE RUN NUMBERS CONSHTUE GRJJ~ 3ASE AND ARE PLOTTED AGAINST THE OTHER STATIONS IN THE GROUP BASE 

SJ,ATIONS WITH NEGATIVE ~UN NU11BEU ARE .PLJTT~o-·iGu>iir-T'i:: GR-OUP--BAS_f_ ...... ~---- -· -··--------.. ------·-.. ·----~-·---·--····--·-.. ·--

STATIONS IN GROUP 1 

STA. RUN NO. STATION NAM_E _________________ ·-·-·-···-.. ···-· ·----·---........ - ........... -
MG INOJE FALLS.~ 

3 NEWPO~T,VERMO~T 

-"--··· ______ ..... Sf._...J.Qii~.S .. ftll..RY...L\!_TL. ..... ____ .. 
& WEST BU~KE,VERMONT 

____ _:~----- ....... -----~-QJUJ:L.QA .. t'J~!.b.hE ,JLT ·- -----·--·-· 
-2 HT. HANSFIELO,VT. 

___ --=.L_ _____________ K~S..I .. JUJlG.E~.O!.LMJfL_ 



~:"~:>..~···~,~~· 

.:-,;~·J!f~~~c;~ OF sun1~ A.ccut~uLneo KEAN 'FR()M G~ouP limH'iJCirEo i4iil-tt-:::.::.G"Roui>;1--- rettP=HA-x --- -------··-- ---

, sJAo !tUN NO. 
i 

STA. PLOT NO. 
1 

STAtiON NAME 
It[; IN!IO= FALLS.VT. 
NEI4POU, liERitOMT. 

,.. ~Qifi!ISBIIR'f·VT 
IIESf 'iU~!(E,VERHONT 

~~~----~L-----~--------~L---------~N~DR~ta, !I!NWILLF.VT 

AS{ffWc!C$ INOICAl7 ZERQ llEVWJ..IlJON~-~- UNITS ARE.Jl.E..riRE.E.S.L. ___________________ , _______ _ 

~~~~~~~3~3~3LDL-__ ~-~z~se~oL-.~---~-~a--~-~1~?~1~D~--~-41Dw8~.uD~--~-~6~3~D-~--~-~1~RL.p~~5--~zzu.uD~---~7~2~·~o ____ ~1~1~7L.o~----

----L-~~L------
• 523 

.• 5431 
• 5 31 

'--------~-------L-----~~23~1L-~--
s It 231 

~~~-------L------~~------~----~-L------~L---~~~~----L------~5.~:~~~~--~-----

;5 :: ~:~3~!--~-------£-------£-------
-~~-------L--~--~~--~--~-------L-----~L-------~--~s ~~ ~= ~ 

,· 5 ~ 2• ,31 
5 4. 2"' 31 

5 fte 2"' 3 1 o 
5 fto 2"' 3 1 o 

--~~------~------~~------~------~------~~------~------~~5~~~-~3~1~---------~------~ 
5 4. 2 ."'' 3 1. ·, 

4. 2 .. 3 1 • 

'11!1~, 
_..l...,f..&.(.lll.pL; ______ __L ______ __.c..._ ______ .L_ ______ _L ______ __,_, ____ ...___ __ 

Ulfl.~ vr.• 
21&.6 
316& 

• 5 
.5 
5 

5. 
5 • 
5· 

It • 2 • 3 1. 
't • 2 •. _.]_L_ 
4 e2 " 3 1o 

• 2 • 3 1. 
.2 .. 3 1 

,. .?- • _LL_. 
't .2 " 3 1 
It .2 .. 3 .1 

4 .2 .. 3 .1 
It • 2 3 • 1 

4 2 • 3 1 
2 • 3 

4 2 3 • 1 

--~~------~-~~------~-------~------~------~------~~----~--~---? 3 1 ~-·----~--·--------2o 3 1 
2. 3 • 
2. 3 • 1 

-~------~~L---~§~:~-~.~3~3~-~--~1~1--~--~--~----
___z_, .. 3 1 

2 3 1 
2 • 3 1. 
2 • 3 • 1. 

--...:...--=s__.__ ___ .... ::r..,.--··~§-:'--~--'~:-:-:· ·--~--·--~--·· 
81&1 .r. ~~.__,....,J!---~.a..a..---~-
g/§7 ----£-.2 ___d,;.. __ Lo • 3 ......,__ 

101&1 • 5 It 2 • 3 • 1 
111'67 • 5 4 2 • • 3 • 1 
12167 •. • • • 5 0 4 2 • .. 3 • 0 1 0 

_,_.,tl.~t..-~---"----~---"--- --- __ .._ ________ ,._ _______ 5 __________ ._ ____ ·- ---"'---- _ _? __ ..__ . !, _ _J __ ._ --·- --- _._ .1_--- --"---------
2/68 5 • It 2 " 3 • 1 

--~~----~~------~--------L-------~--~~~---------L-----~~----~· 3 
4. 2 .. 3 • • 1 

--~~------~------~--------L-------~--~--~--------L------~~----~'~2~o---··~~~-Lo------~~~1-~------
3 0 1 .· 
3 • 1 
3 1 

2 3 • 1 
? 3 • 

z 3 • 1 

1 -·--· ------
1 

--~~-------L-------J--------~--~--~-------J--------~--~,.~--~~---L-~·--~:~:----

~$~: . 55 ~--L----~~~~--~~~:--------~· 1 
1 
1 --~~~~~~~:-------L--~--~~----~5~.---------L-------~~----~- ~ : 1 

u~ s. _ __,_ _ _,._ __ _.... ____ ~_.,_-.c::--~----'~--~----
1U/69 5 o 3. 

~f~f~{~Q~9------·-L-------~~--~5L_ __ L_ ____ -------JL--------L.~---L--~ 3 
121&9 5 • • ,. 2 3. • 1 • 

--~~u~~~~~-------&------~~--~-~--i- ~~~-&--~--~3~3·L,- -•-.---+-:!..---:---
~f: ____ _L_t._ ____ .__ __ ~ __ _.__-=---..>l:"":-----
:n~ .5 ~ · : ----+-----"----"'-1--''-
,(70 5 2 3 __ L __ o ___ _ 

8170 5 4 2 3 1 
9170 5. .____!f.__ __ • _____ 2 __ • __ " 3 1 

10170 5 • • 4 2 • . • 3 1 
__ 1~1~/~7~0 _____ ~·------~~------~------~------~~-----~·~4~---~---~2~~ 3 1 • 

12110 5 • • 1t 2 3 T~--------

l/11 5 0 4 2 3 1 • 
2171 5 • It 2 3 --1-.-------

--~~'-"~0::-~~~-----~-'-- ~ _ _,_____ : 4 4 ~ ~ ----'----- - ·----i-: ------
5171 5 .'t ? ___ • __ .. ____ 3 ______ • _____ ~,__ ____ _ 

- 6171 5 .4 2 • 3 1. 
7171 5 ----"--·------ ---~-------·------2-' --· --~_ .. __ 3 ______ o ____ _b_ __ __ 
8171 5 4 2 " • 3 1. 
9171 • 5 ·----"--------·-------· ______ 4 ? o3 1. 

-----·---- ---- -- ----·------------------------------· 

~.J?-1~-----· ----· ------- ---



.·,. 

STA. RJN NO. 
-2 
-7 

STA. PLOT NO. 
1 

ASTERI::KS lNOICATE; ZERO DEVIATION 

STATION NAKE _ 
KI, HAN)FIELD.YT.; 
WEST RilGE-I)UKKY 

UNITS ARE DEGREES F 

KDI\'R -H5.8 -373.8 -331.8 -289.5 -247:8 -205 .• 8 -163.8 -121o8 -79oS·~--.:;;37.8 4o2l 
1 Ql&l _ __._ _____ ._ _____ ... _____ __.___ -~____:__j..z._ 

1U&3 1 2•J 
12/63 _.____· __ _.._ -----L--~-__,- 1 2 •• , 

1164 1 2•. 
---"2l~lj~ltt__ __ __.'-------".__ _______ _._ --~-- .________L.,____ 1 ~--~-

3/64 • • 1 2•.; 
~$~t __ ...._ ___ _,L_ ___ ,__ ______ .____ -f---1-:-:--
ljl&lt . .. 
71&4 1.- ... . 

1 2 .. . 
9/&4 1 2 •• 

1 OIOit 1 2 •. 
'111&4 2 •• 

___i2~f~&~lt'-----~---------~------~-----~--------~-------L~------L-------L--------"'--~----~~2L--~··~· 
11&5 2 .. . 
21·&5 2 .. . 
3/&5 2 •• 
lt/&5 2 .. . 
51&5 • 2 .. . 
&/C.5 .. . 
71&5 1 • 2 ... 
8/&5 1 2 ·~ 
91&5 1 2. ... 

10165 • 1 2. •• 
111&5 1 2 • ... 

--~1~~~~~~~~----~---~~------~-------~-------L--- ---~------~------~1~1~·-------~----~~~-~---~::-:-----
/&& 1 2 • •.·-

31&& 1 2 • .. . 
4/&& • - 1 2 • .. . 
516& 1 2 ·~ 
&/6& 1 2 ... 
71·55 1 2 •• 
81&& • 1 2 .. . 
91&& .1 2 .. . 

101&& 1 2 •• 
111&& 1. 2 •• 
1216& •• 

11&7 ~ 

21&7 --~--~~~~------~~------~--~~~------ •• 31&7 ·-.-.---

• 1 

----~9~/~&~7-------.~.---~L------~------~--------L-----~-
~~~ ~~ A-11 __ ..._ ___ _.__ 

121&7 
11&8 
2168 

. 

3/&8 • • • 1 • • • • • • •. 

... 
r-- ---~~~: -- . ---- - ----- _.__- ---- -.---..__- ~ ---- _.._ _i__ -- __ ..__'_ ----- __ .__ :.._-- --- _..__--- _2_ __ ._- ---- __ .__- _·_- _!_~- -----

.1 2 ·~ .-
~ 
I 

71&9 

------¥,~'-"'9'-------_.._-
10/&9 

.1 
-· 

• 2 

.. 
'fri' ,/··· ... ... ... 
·~ .... ... ... ... 
•.-... ... ... 
·~ 111&9 

12169 
1170 1 

... ... -~--L-----~·--"''-----~-~-~-----~~----

·~ 
·~ 

·~-~·L-------~-------__._~_-_. __ _ 2170 1 -----"'--------~--------~------
3170 1. 

~Lf7u0L-__ __.'------~---~1~·- -----~ 2 ... 
5170 1 • 2 .. ... ... ------"~L~-'---'~~"---------''------• +~-------•--------• ------ ~------- ~----~--------~-----,-_~.~----~~----
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Be4 SAMPLE INPUT WHEN PROGRAM TEMPCK IS USED 
IN CONJUNCTION WITH THE MAT PROGRAM 

* MAT PROGRAM INPUT ************************************************************ 
10 63 9 71 13 0 1 0 1 0 0 1 

2o44 
CHEVELON PS,ARIZONA 40 40 2 1574 17 7006. 
MAX. 2-1574 24.0 43.8 46.5 51.4 58.4 68.8 77.4 82.2 78.6 73o2 66.3 53.1 43.6 
MIN. 2-1574 24.0 18.5 20o8 25.1 30.5 38e9 47o2 56.5 53.7 46o8 37e1 28e3 20e5 
CHEVELON RS,ARIZ-EST 40 40 210000 17 7006. 
MAXe 2-1574 24.0 43.8 46.5 51.4 58.4 68.8 77.4 82.2 78.6 73o2 66.3 53.1 43.6 
MIN. 2-1574 24.0 18.5 20o8 25.1 30.5 38.9 47.2 56.5 53.7 46o8 37e1 28.3 20.5 
CHILDS,ARIZONA 27 24 2 1614 10 2650. 
MAX. 2-1614 o.o 59.7 64.6 69.6 76.2 87.8 96.1102.3 99.2 93o0 85e0 70.5 58.4 
MIN. 2-1614 o.o 31.9 34.2 38.2 43.6 51.3 59.2 69.5 67.0 58e7 48o1 39.1 32o9 
FLAGSTAFF WSO,ARIZ. 16 43 2 3010 24 7006. 
MAX. 2-3010 o.o 42.3 44.5 48.7 55.5 67.0 75.6 81.3 78.2 71o7 64.4 51.5 42o2 
MIN. 2-3010 o.o 14.3 17oO 19.9 25.1 33.1 39.9 51.5 49.6 40o3 30o2 22.9 15o4 
FORESTDALE,ARIZONA 62 38 2 30R2 19 6100. 
MAX. 2-3082 o.o 45.9 49.9 54.4 62.9 73.9 81o5 86.8 82.5 76o5 72o4 57.0 47.4 
MIN. 2-3082 o.o 15.4 l6o3 20.7 24.0 30.7 38.7 51.1 49.8 41o5 30e2 23.8 16e9 
JUNIPINE,APIZONA 15 38 2 4508 18 5134. 
MAX. 2-4508 o.o 51.3 53.9 59.0 65.2 75.7 83.7 88.8 86.2 80o7 73e4 60o3 50o9 
MIN. 2-4508 o.o 27.6 28e0 31.3 36.4 44.5 5lo5 60 ol 58.5 52el 4'1.3 35.6 28o1 
MCNARY,ARIZONA 68 39 2 5412 8 7320. 
MAX. 2-5412 o.o 45.0 46.1 50.6 58.3 68.9 77e4 81o0 77.8 72.8 66.7 54.5 45.9 
MIN. 2-5412 o.o 16.2 17.9 21.7 27.3 34.9 41e6 50.2 48.2 41e8 32.4 25.3 18e4 
PLEASANT VALLEY RS 45 28 2 6653 17 505(). 
MAX. 2-6653 o.o 53.3 56.5 60.8 67.1 77.1 85o9 90o1 86.8 8lo6 74o7 62.7 52.2 
MIN. 2-6653 o.o 18.8 21.5 23.0 27.4 34.5 41o1 54.8 53.5 44o7 32o6 24.9 18.4 
SEDONA Rs,ARIZONA 18 33 2 7708 17 4320. 
MAX. 2-7708 o.o 56.5 60.2 64.9 71.0 81.8 90o2 96.0 93.0 87o2 79.2 66.2 55e5 
MINe 2-7708 o.o 28.0 30o2 32.6 38e4 45e4 52.7 63.6 61.7 54o0 45o5 35o9 28o0 

. SNOWFLAKE,ARIZONA 58 47 2 8012 19 5642. 
MAX. 2-8012 o.o 48.1 54.6 60.7 66.6 76.8 84o9 90ol 87.1 80·9 72.8 59.7 48.7 
MIN. 2-.8012 o.o 15.0 18.3 23o2 28.2 37.1 44.6 56.0 54.1 44o9 32o7 23.9 16o4 
SPRINGERVILLE,ARIZ. 79 48 2 8162 17 7060. 
MAX. 2-8162 o.o 47.7 49o7 55.5 62.7 71.3 79.0 82.0 79.5 74·2 68e5 57.6 48.1 
MIN. 2-8162 o.o 15.3 17.3 21.9 27.2 34.9 42.9 52.5 49.9 42.7 30.9 23.3 16.1 
WILLIAMS,ARIZONA 3 39 2 9359 17 6750. 
MAX. 2-9359 o.o 45.5 46.8 51.0 57.5 67.5 76.2 81.7 78.9 73o2 66e1 53.8 45e3 
MIN. 2-9359 o.o 21.8 22o1 26.0 30.9 39.4 47ol 54.9 53o1 46o6 38.Q 29.7 22e6 
WINSLOW WSO,ARIZONA 37 54 2 9439 24 4895. 
MAX. 2-9439 o.o 44.0 52.4 60.8 68.7 79.9 89.4 94.6 91.2 83.9 73.8 59.5 45.1 
MIN. 2-9439 o.o 16.1 22o8 28.2 34.9 44o4 52o8 63.7 61.7 52·3 39.5 29e0 18e7 
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* PROGRAM TEMPCK INPUT CARD **************************************************** 
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Be5 OUTPUT FROM PROGRAM TEMPCK 
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MOUNTAIN TEMPERATURE. ESTIMATION CHECK FOR CHEVELON RS,ARIZONA 

ROOT MEAN SQUARE FOP 10/63 MAX= 2.1 MIN= 3.0 
ROOT MEAN SQUARE FOR 11/63 MAX= 1.4 MIN= 3.2 
ROOT MEAN SQUARE FOR 12/63 MAX= 2.3 MIN= 2.8 
ROOT MEAN SQUARE FOP 1/64 MAX= 2.8 MIN= 3.4 

MAX. ERROR EXCEEDED--MAX TEMP. 2/20/64 OBS= 50.0 EST= 38.2 
ROOT MEAN SQUARE FOR 2164 MAX= 3.9 MIN= 2.7 
ROOT MEAN SOUARE FOR 3/64 MAX= 2.5 MIN= 4.4 
ROOT MEAN SQUARE FOR 4/64 MAX= 2.0 MIN= 3.5 
ROOT MEAN SQUARE FOR 5/64 MAX= 2.6 MIN= 3.5 

MAX. ERROR EXCEEDED--MIN TEMP. 6/10/64 OBS= 34.0 EST= 45.0 
MAX. ERROR EXCEEDED--MIN TEMP. 6/23/54 OBS= 39.0 EST= 49.3 

ROOT MEAN SQUARE FOP 5/54 MAX= 1.7 MIN= 4.8 
MAX. ERROR EXCEEDED--MAX TEMP. 7/28/64 OBS= 70.0 EST= ,83. 9 
MAX. ERROR EXCEEDED--MAX TEMP. 7130/54 OBS= 54.0 EST= 77.1 
MAX. ERROR EXCEEDED--MAX TEMP. 7/::31/64 OBS= 62.0 EST= 73.3 
MAX. ERROR EXCEEDED--~IN TEMP. 7/19/54 OBS= 49.0 EST= 60.9 

ROOT MEAN SQUARE FOR 7164 MAX= 5.4 MIN= 4.3 
MAX. ERROR EXCEEDED--MAX TEMP. 8/ lt/54 OBS= 55.0 EST= 78.7 
MAX. ERROR EXCEEDED--MAX TEMP. 8/. 5/64 OBS= 64.0 EST= 79.8 
MAX. ERROR EXCEEDED--MAX T£MP. 8/ 8/64 OBS= 72.0 EST= 82.8 
MAX. ERROR EXCEEDED--MAX TEMP. 8/10/54 OBS= 72 .:o EST= 82.3 
MAX. ERROR EXCEEDED--MIN TEMP. 8/ 1/64 OBS= 38.0 EST= 57.6 
MAX. ERROR EXCEEDED--MIN TEMP. 8/ 2/64 OBS= 41.0 EST= 58.3 

ROOT MEAN SQUARE FOR 8/54 MAX= 6.2 MIN= 5.3 
ROOT MEAN SQUARE FOP 9/64 MAX= 2.8 MIN= 2.8 

~ MAX. ERROR EXCEEDED--MIN TEMP. 10/31/64 OBS= 41.0 EST= 29.0 
ROOT MEAN SQUAR~-FOR 10/64 MAX= 2.5 MIN= 4.4 

MAX. ERROR EXCEEDED--MAX TEMP. 11/30/64 OBS= 74.0 EST= 55.0 
MAX. ERROR EXCEEDED--MIN TEMP. 11/ 3/64 OBS= 10.0 EST= 28.5 
MAX. ERROR EXCEEDED--MIN TEMP. 11/18/64 OBS= 1.0 EST= 15.3 
MAX. ERROR EXCEEDED--MIN TEMP. 11/21/64 OBS= 5.0 EST= 15.6 
MAX. ERROR £XCEEOED--MIN TEMP. 11/23/64 OBS= 8.0 EST= 21.2 
MAX. ERROR EXCEEDED-~MIN TEMP. 11/24/64 OBS= 6.0 EST= 19.4 

ROOT MEAN SQUARE FOR 11/64 MAX= 4 .• 4 MIN= 7.4 
--MAX. ERROR EXCEEDED--MAX TEMP. 12/14/54 OBS= 33.0 EST= 50.0 

ROOT MEAN SQUARE FOR 12/54 MAX= 3. 6. MIN= 3.5 
~OOT MEAN SQUARE FOR 1/55 MAX= 3.0 MIN= 3.7 
ROOT MEAN SQUARE FOP 2155 MAX= 2.1 MIN;,· 4.0 
ROOT MEAN SQUARE FOR 3/65 MAX= 2.5 MIN= 3.1 

MAX. ERROR EXCEEDED--MIN TEMP. 4/22165 OBS= 49.0 EST= 35.1 
-ROOT MEAN SQUARE FOR 4/65 MAX= 2.2 MIN= 4.4 

MAX. ERROR EXCEEDED--MIN TEMP. 5/27/55 OBS= 47.0 EST= 34.7 
ROOT MEAN SQUARE FOR 5/65 MAX= 2.6 MIN= 4.4 
ROOT MEAN SQUARE FOR 6/55 MAX= 1.7 MIN= 3.5 
ROOT MEAN SQUARE FOR 7/65 'MAX= 2.6 MIN= 3·.1 

MAX. ERROR EXCEEDED--MAX TEMPo 8/ 9/65 OBS= 72.0 EST= 83.3 
ROOT MEAN SQUARE FOR 8/65 MAX= 2.8 MIN= 3.5 
ROOT MEA~ SOUARE FOR 9/65 MAX= 2.4 MIN= 2.6 
~OOT MEAN SQUARE FOR 10/65 MAX= 2.7 MIN= 4.2 

MAX. ERROR EXCEEDED--~IN TEMP. 11/11/65 OBS= 38.0 EST= 25.3 
MAX. ERROR EXCEEDED--MIN TEMP. 11/12/55 OBS= 35e0 EST= 24.4 
MAX. ERROR EXCEEDED--MIN TEMP. 11/23/65 OBS= 35.0 EST= 45.7 

.ROOT -MEAN -SQUARE FOR 11/65 MAX= 2.0 MIN= 5.5 
MAX. ERROR EXCEEDED--MAX TEMP. 12/ 5/55 OBS= 69.0 EST= 58.7 
MAX. ERROR EXCEEDED--MIN TEMPo 12/16/55 OBS= 8.:0 EST= 18.9 

ROOT MEAN SQUARE FOR 12/65 MAX= 3.5 MIN= 4.4 
~AX. ERROR EXCEEDED--MAX TEMP. 1/16/56 OBS= 45.0 EST= 31.9 
MAX. ERROR EXCEEDED--MIN TEMP. 1/11/55 OBS= 34.0 EST= 23.8 
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ROOT MEAN SQUARE ~OR f/66- ·-- .. .-. '~ ::: 3;8 MIN= 4.4 
ROOT MEAN SQUARE FOR 2/66 MAX= 3.0 MIN= 3.8 

MAX. ERROR EXCEEDED--MIN TEMP. 3/24/66 OBS= 24.0 EST= 3?.7 
ROOT MEAN SQUARE FOR 3/66 MAX= 2.9 MIN= 4.8 

MAX. ERROR EXCEEDED--MIN TEMP. 4/27/66 OBS= 46.0 EST= 35.2 
ROOT MEAN SQUARE.FO~ 4/66 MAX= 2.? MIN= 5.2 

MAX. ERROR EXCEEDED--MIN TEMP. 5/17/66 OBS= 49.0 EST= 38.3 
MAX. ERROR EXCEEDED--MIN TEMP. 5/28/66 OBS= ?1.0 EST= 40.5 

ROOT MEAN SQUARE FOR 5/66 MAX= 1.7 MIN= 4.4 
MAX. ERROP EXCEEDED--MIN TEMP. 6/29/66 OBS= 41.0 EST= 62.1 

ROOT MEAN SQUARE FOR 6/66 MAX= 1.8 MIN= 6.0 
ROOT MEAN SQUARE FOR 7/66 MAX= 2.& MIN= 3.8 
ROOT MEAN SQUARE FOR 8/66 MAX= 1.6 MIN= 4.4 
ROOT MEAN SQUARE FOR 9/66 MAX= 2.7 MIN= 3.7 
ROOT MEAN SQUARE FOR 10/66 MAX= 3.5 MIN= 3.1 

MAX. ERROR EXCEEDED--MIN TEMP. 11/11/66 OBS= 1?.0 EST= 2?.3 
MAX. ERROP EXCEEDED--MIN TEMP. 11/21/66 OBS= 26.0 EST= 42.0 
MAX. ERROR EXCEEDED--MIN TEMP. 11/24/66 OBS= 35.0 EST= 24.8 
MAX. ERROR EXCEEDED--MIN TEMP. 11/2?/66 OBS= 37.0 EST= 26.0 

ROOT MEAN SQUARE FOP 11/66 MAX= 2.4 MIN= 5.6 
MAX. ERROR EXCEEDED--MIN TEMP. 12/31/66 OBS= 11.0 EST= -1.1 

ROOT MEAN SQUARE FOR 12/66 MAX= 3.0 MIN= 4.4 
ROOT MEAN SOUARE FOR 1/67 MAX= 3.3 MIN= ?.2 
ROOT MEAN SQUARE FOR 2167 MAX= 2. 8 MIN= 4.6 

MAX. ERROR EXCEEDED--MIN TEMP. 3/ 2/67 OBS= 41o'O EST= 26.9 
ROOT MEAN SQUARE FOR 3/67 MAX= 2. 0 MIN= 4.2 

MAX. ERROR EXCEEDED--MIN TEMP. 4/27/67 OBS= 43.0 EST= 32.1 
ROOT MEAN SQUARE FOR 4/67 MAX= 2.9 !-!IN= ?.8 

MAX. ERROR EXCEEDED--MIN TEMP. 5/ 9/67 OBS= 52.0 EST= 37.4 
ROOT MEAN SQUARE FOR 5/67 M.AX= 1.6 MIN= 4.2 
ROOT MEAN SOUARE FOR 6/67 MAX= 1.7 MIN= 3.8 

~ 
ROOT MEAN SQUARE FOR 7/67 MAX= 3.7 MIN= 4.0 

MAX. ERROR EXCEEDED--MAX TEMP. 8/ 6/67 OBS= 84.0 EST= 73.9 
w ROOT MEAN SQUARE FOR 8/67 MAX= 3.4 MIN= 3.0 

MAXo ERROR EXCEEDED--MIN TEMP. 9/13/67 08S= 37.0 EST= 50.7 
MAX. ERROR EXCEEDED--MIN TEMP, 9/29/67 OBS= 52.0 EST= 41o2 
MAX, ERROR EXCEEDED--MIN TEMP. 9/30/67 OBS= 57,0 EST= 42.7 

ROOT MEAN SQUARE FOR 9/67 MAX= 3. 3 MIN= 5.3 
MAX. ERROR EXCEEDED--MAX TEMP, 10/1?/67 OBS= 77.0 EST= 66.7 
MAX, ERRO~ EXCEEDED--MIN TEMP. 10/ 1/67 OBS= 60.0 EST= 45.9 
MAX. ERROR ~XCEEDED--MIN TEMP. 10/19/67 OBS= 45.0 EST= 33.9 
MAX. ERROR EXCEEDED--MIN TEMP. 10/24/67 OBS= 44.0 EST= 33.9 
MAX. ERROR EXCEEDED--MIN TEMP. 10/27/67 OBS= 44.0 EST= 30.6 

ROOT MEAN SQUARE FOR 10/67 MAX= 3.3 MIN= 6.0 
MAX. ERROR EXCEEDED--MAX TEMP, 11/27/67 OBS= 5?.0 EST= 42.3 
MAX. ERROR .. EXCEE'DED--MIN TEMP, 11/ 1/67 OBS= 38.0 EST= 28.0 
MAX. ERROP EXCEEDED--MIN TEMP. 11/ 2/67 OBS= 44.0 EST= 30.7 

ROOT MEAN SQUARE FOR 11/67. MAX= 3.5 MIN= 5.3 
MAX. ERROR EXCEEDED--MAX TEMP. 12/12/67 OBS= 52.0 EST= 41.4 
MAX. ERROR EXCEEDED--MAX TEMP, 12/22167 08S= 24.0 EST= 34.4 
MAX. ERROR EXCEEDED--MAX TEMP. 12/23/67 OBS= 29.0 EST= 39.8 
MAX. ERROR EXCEEDED--MIN TEMP. 12/1?/67 OBS= 10.0 EST= 22.5 

ROOT MEAN SQUARE FOP 12/67 MAX= 4.6 MIN= 4.9 
MAX. ERROP EXCEEDED--MIN TEMP. 1/ 1/68 OBS= 23.0 EST= 4.8 
MAX. ERROR EXCEEDED--MIN TEMP. 1/ 3/68 OBS= 25.0 EST= 13.2 

ROOT MEAN SQUARE FOP 1/68 MAX= 3.7 MIN= 6.3 
MAX. ERROR EXCEEDED--MAX TEMP. 2/ 4/68 OBS= 55 .. o EST= 43.1 

ROOT MEAN SQUARE FOR 2/68 MAX= 3.6 MIN= 3.4 
MAX. ERROR EXCEEDED--MIN TEMP. 3/16/68 OBS= 20.0 EST= 35.1 
MAX. ERROR EXCEEDED--MIN TEMP. 3/17/68 OBS= 19.0 EST= 33.8 

ROOT MEAN SQUARE FOR 3/68 MAX= 3.5 MIN= 5.0 
MAX, ERROR EXCEEDED--MIN TEMP. 4/13/68 OBS= 24.0 EST= 39.4 
MAX, ERROR EXCEEDED--MIN TEMP~ 4/26/68 OBS= 41.0 EST= 30.7 

ROOT MEAN SQUARE FOR 4/68 MAX= 3.1 MIN= 4.9 
MAX, ERROR EXCEEDED--MIN TEMP. 5/21/68 OBS= 55.0 EST= 43.6 
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--.-·--·-----ROot· MEAN_. SQI.fARE FOR 5168 HAX= 2.0 MIN= 4.8 
MAX. ERROR EXCEEDED--MIN TEHP. 6/1&166 OBS= 30.0 EST= 46.9 
MAX. ERROR EXCEEDED--MIN _TEMP. 6/29/68 OBS= &a .to EST= 54.6 

-~AX. ERROR EXCEEDED--MIN TEMP. 6/30/68 OBS= &6.0 EST= 42.5 
RQOT MEAN SQUARE FOR 6/68 MAX= 1.4 MIN= 1 •. a 

MAX. ERROR EXCEEDED--MIN TEMP. 71 4/&8 OBS= 40.0 EST= 52~2 
MAX. ERROR EXCEEDED--MIN TEMPo 7/14168 OBS= 42.0 EST= 52.1 
MAX. ERROR EXCEfOED--HIN TEMP. 7/20/68 OBS= 64.0 EST=' 53.6 

ROOT MEAN SQUARE FOR 7/68 MAX= 2.0 MIN= 6;,0 
MAX. ERROR EXCEEDED--MIN TEMPo 8/2&/68 OBS= 41.0 EST= 51.9 

ROOT HEAN SQUARE FOR 8/68 MAX= 2.1 MIN= 4o0 
-ROOT MEAN ... SQUARE FOR 9/68 MAX= 1.6 MIN= 5.1 

MAX• ERROR EXCEEDED--MIN TEMP. 10/ G/68 OBS= so .-·o EST= 39.4 
--R-OOT HEAN SQUARE FOR 1 0/68• MAX= 2.7 MIN= 4.0 

MAX~ ERROR EXCEEDED--MAX TEMP. 11/ 9/68 OBS= 44.0 EST= 60.8 
, MAX. ERRO.R EXCEEDED--MAX TEMPo 11111/&8 OBS= 48.0 EST= 63.4 

MAX. ERROR EXCEEDED--MIN TEMP. 11/25/68 OBS= 24'.0 EST= 34.8 
-R-OOT MEAN SQUARE FOR 1-1/68 MAX= 5.& MIN= 3.1 

MAX. ERROR EXCEEDED--MAX TEMP. 12/ 2168 OBS= 42.0 EST= 31.2 
MAX. ERROR EXCEEDED---MAX TEMP~ 12116/68 OBS= 55.0 EST= 44o0 
MAX. ERROR EXCEEDED--MIN TEMPo 12/ 9/68 OBS= 37 •· 0 .EST= 20.6 
MAX. ERROR EXCEEDED--MIN TEMP. 12/11/68 OBS= 39.0 EST= 24.5 
MAX. ERROR EXCEEDED--MIN.TEMP. 12/22/68 OBS= 12 0 0 EST= -13.2 

-HAXo ~RROR EXCEEDED--MIN TEMP. 12123/68 OBS= 17.0 EST= -.7 
MAX. ERROR EXCEEDED--MIN TEMPo 12/24/68 . OBS= 36.0 EST= 12.8 

-ROOT MEAN SQUARE FOR 12/68 MAX= 4.1 MIN= 8.7 
MAX. ERROR EXCEEDED--MAX TEMPo 1/ 4/69 OBS= 67.-0 EST= 43.0 
MAX. ERROR EXCEEDED--MAX TEMP. 1/ 8/69 OBS= 66 .. 0 EST= 51.5 
MAX. ERROR EXCEEDED--MAX TEMPo 1/ 9/69 OBS= 66o'O I EST= 47.1 
MAX. ERROR EXCEEDED--MIN TEMP. 1/ 7/69 OBS= 14.0 EST= 27.7 
MAX. ERROR EXCEEDED--MIN TEMP. 1/ 8/69 Q.BS= 13. o. EST= 31.4 

k MAX. ERROR EXCEEDED--MIN TEMPo 1/20/69 OBS= 21.0 EST= 35.8 
ROOT MEAN SQUARE FOR 1/69 MAX= 6.8 MIN= 5.7 

MAX. ERROR EXCEEDED--MIN TEMP. 2/15/69 OBS= 15.0 EST= 28.4 
MAX. ERROR EXCEEDED--MIN TEMP. 2/16/69 OBS= 12.0 EST= 26.9 

-~AX~ ERROR EXCEEDED--MIN T~MP. 2124/69 OBS= 10•0 EST= 22.0 
MAX. ERROR tXCEEDED--MIN TEMPo 2/25169 OBS;= 33 .-o EST= 22.3 

ROOT MEAN SQUARE FOR 2169 MAX= 2.1 MIN= 6.3 
MAX. ERROR EXCEEDED--MIN TEMP. 3/21/69 OBS= 37.0 EST= 22.1 

~OOT MEAN SQUARE FOR 3/69 MAX= 2.7 MIN= 4.6 
MAX. ERROR EXCEEDED--MIN TEMPo 4/ 3/69 OBS= 39.0 EST= 28.1 

.ROOT MEAN.SOUARE FOR 4169 MAX= 3.1 MIN= 4o4 
MAX. ERROP EXCEEDED--MIN TEMPo 5/ &/69 OBS= 2i. 0 EST= 35.5 
MAX. ERROR EXCEEDEO-~MIN TEMPo 5/1Zt/69 OBS= 54.:0 EST= 41.1 

ROOT MEAN SQUARE FOR 5/69 MAX= 2.3 MIN= 4.9 
MAX. ERROR EXCEEDED--MIN TEMP. 6/29/69 OBS= 55.0 EST= 44.5 

ROOT MEAN SQUARE FOR 6/69. MAX= 1.8 MIN= 4.0 
----ROOT -MEAN SQUARE FOR 7/69 MAX= 1.7 MIN= 3.9 

MAX. ERROR EXCEEDED--MAX TEMP. 8/25/69 OBS:::! 89.0 EST= 78.9 
ROOT MEAN SQUARE FOR 8/69 MAX= 2o8 MIN= 3.3 

MAX. ERROR EXCEEOED--M!N TEMP •. 9/ 5/69 OBS= 46.0 EST: 56.1 
ROOT MEAN SQUARE FOR 9/69 MAX= 3.8 MIN= 3.7 

MAX. ERROR EXCEEDED--MAX TEMP. 10/J.U69 OBS= 73.0 EST= 55.3 
. MAX. ERROR EXCEEDED--MAX TEMP. 10/21/69 OBS= .63.~0 EST= 44o5 

MAX. ERROR EXCEEDED--MIN TEMP. 10/ 2/6<3 OBS= 53.0 EST= 42.2 
MAX. ERROR EXCEEDED--MIN TEMP. 10/_ 3/69 OBS= 48.0 EST= 37.5 

ROOT MEAN SQUARE FOR 10169 MAX= 5.3 MIN= 4.7 
MAX. ERROR EXCEEDED--MAX TEMP. 11/17/69 OBS= 53.0 EST= 41.6 
MAX. ERROR EXCEEDED--MIN TEMPo 11/10/69 OBS= 2&.0 EST= 38.2 

ROOT MEAN SQUARE FOR-11/69 MAX= 3.2 -MIN= -3.7 
MAX. ERROP EXCEEDED--MIN TEMPo 12/ 3/69 OBS= 11.0 EST= 32.3 
MAX. ERROR EXCEEDED--MIN TEMP. 12/ 4/69 OBS= 20.0 EST= 34.3 

~OOT MEAN SQUARE FOR 12/69 MAX= 2.8 MIN= 5.0 
MAX. ERROR EXCEEDED--MIN TEMP. 1/28/70 OBS= 12.0 EST= 24.0 

ROOT MEAN SQUARE FOR 1/70 MAX= 2.7 MIN= 4o1 
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ROOT MEAN SQUARE FOP --2/70 -----M-A-x-;---3-.1---------,:;~3:4 

MAX. ERROR EXCEEDED--MAX TEMP. 3/ 2/70 OBS= 50.0 EST= 39.8 
MAX. ERROR EXCEEDED--MIN TEMP. 3129/70 OBS= 13.0 EST= 28.8 

ROOT MEAN SQUARE FOR 3170 MAX= 3.2 MIN= 4.1 
MAX. ERROR EXCEEDED--MAX TEMP. 4/ 4/70 OBS= 61.0 EST= 50.8 
MAX. ERROR EXCEEDED--MiN TEMP. 4/16/70 OBS= 15o0 EST= 26.1 

ROOT MEAN SQUARE FOR 4/70 MAX= 2.8 MIN= 4.3 
MAX. ERROP EXCEEDED--MIN TEMP. 5/23/70 OBS= 51.0 EST= 39.3 

ROOT MEAN SQUARE FOR 5170 MAX= 2.1 MIN= s.o 
MAX. ERROR EXCEEDED--MIN TEMPe 6/ 1/70 OBS= 37.0 EST= 48.0 

ROOT MEAN SQUARE FOR 6/70 MAX= 2.2 MIN= 4.3 
ROOT-~EAN SQUARE--FOP 7/7fJ MAX= 2.4 MIN= 4.0 
ROOT MEAN SQUARE FOR 8/70 MAX= 2.5 MIN= 3.5 

MAX. ERROR EXCEEDED--MIN TEMP. 9/28/70 OBS= 30 .-o EST= 42.0 
ROOT MEAN SQUARE FOP 9/70 MAX= 3.6 MIN= 3.5 

MAX. ERROR EXCEEDED--MIN TEMP. 10/10/70 OBS= 24.:0 EST= 37.2 
MAX. ERROR EXCEEDED--MIN TEMP. 10/12/70 OBS= 22.0 EST= 34.6 
MAX. ERROR EXCEEDED--MIN TEMP. 10/19/70 OBS= 26•0 EST= 36.2 

ROOT MEAN SQUARE FOR 10170 MAX= 3.0 MIN= 5.3 
ROOT MEAN SQUARE FOR 11170 MAX= o.o MIN= o.o 

MAX. ERROR EXCEEDED--MIN TEMP. 12/ 4/70 OBS= 33.0 EST= 22.4 
MAX. ERROR EXCEEDED--MIN TEMP. 12/ 8/70 OBS= 36.0 EST= 25.7 
MAX. ERROR EXCEEDED--MIN TEMP. 12/19170 OBS= 5.0 EST= 16.3 

ROOT MEAN SQUARE FOR 12/70 MAX= 2.8 MIN= 5.2 
ROOT MEAN SOUARE FOR 1/71 MAX= 2.7 MIN= 4.5 

MAX. ERROR EXCEEDED--MIN TEMP. 21 8171 OBS= 27.0 EST= 15.5 
ROOT MEAN SQUARE FOR 2171 MAX= 2.2 MIN= 5.0 

MAX. ERROR EXCEEDED--MIN TEMP. 3/25171 OBS= 42.0 EST= 29.9 
ROOT MEAN SQUARE FOP 3/71 MAX= 3.2 MIN= 4.3 

MAX. ERROR EXCEEDED--MIN TEMP. 4/ 8171 OBS= 13.0 EST= 30.2 
MAX. ERROR EXCEEDED--MIN TEMP. 4/12/71 OBS= 45.0 EST= 33.0 

x; MAX. ERROR EXCEEDED--MIN TEMP. 4/22/71 OBS= 16.0 EST= 27.7 
ROOT MEAN SQUARE FOR 4/71 MAX= 2.1 MIN= 6.0 

\Jt MAX. ERROR EXCEEDED--HI~ TEMP. '5/ 3171 OBS= 44.0 EST= 33.3 
MAX. ERROR EXCEEDED--MIN TEMP. 5/ 8/71 OBS= 23.0 EST= 36.4 
MAX. ERROR EXCEfDED--MIN TEMP. 5113/71 OBS= 19.0 EST= 38.5 
MAX. ERROR EXCEEDED--MIN TEMP. 5/31/71 OSS= zo.o EST= 38.8 

ROOT MEAN SQUARE FOP 5/71 MAX= 2.8 MIN= 7.3 
MAX. ERROR EXCEEDED--MIN TEMP. 6/18171 08S= 45.0 EST= 5'3.5 

ROOT MEAN SQUARE FOR 6/71 MAX= 2.9 MIN= 4.'3 
MAX. ERROR EXCEEDED--MAX TEMP. 71 6/71 OBS= 85.0 EST= 73.6 
MAX. ERROR EXCEEDED--MIN TEMP. 71 6171 OBS= 44.0 EST= 57.3 
MAX. ERROR EXCEEDED--MIN TEMP. 7/21171 OBS= 45-.0 . EST= '36.3 

ROOT MEAN SQUARE FOP. 7/71 MAX= 3.0 MIN= 5.4 
MAX. ERROR EXCEEDED--MAX TEMP. 8/ 5171 OBS= 88.0 EST= 77.4 

ROOT MEAN SQUARE FOR 8171 MAX= 3.0 MIN= 4.1 
ROOT MEAN SQUARE FOR 9171 MAX= 1.9 MIN= 3.1 

SUMMARY OF ROOT MEAN SQUA~E OF OBS. AND EST.--PLUS STANDARD DEVIATION OF OSS. AND MEAN 

MONTH 1 2 3 4 5 0 7 8 g 10 11 12 TOTAL 
RHS MAX 3.8 2.9 2.9 2.6 2.3 1.9 3.1 3.3 2.9 3.3 3.2 3.4 3.0 

S.D. MAX 9.'3 8.2 9.9 8.4 8.3 7.3 5.6 5.2 5.9 7.1 7.4 9.1 7o8 

RMS MIN 4.8 4.3 4.3 4.9 4.9 Soli 4.4 4.0 3.8 4.4 4.7 5.1 4.6 

S.D. MIN 10.5 8.2 8.5 7.0 7.5 7.8 4.9 4.9 6.5 7.2 7.5 9.0 7.6 
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APPENDIX C 

LISTING OF SUBROUTINE PACK FROM THE VERIFICATION PROGRAM 

SUBROUTINE PACK<DAltP6ltDA2•P62tKl•COVER,EFC,PX,PE,MONTH.,YEAR•lRGl 
INTEGER ANGLE<12J,TGtTITLEtDAl•P6ltDA2•P62•YE~R·· 
REAL MFMAXT,MFMINT,NMFT~LIQW,NEGHS,LAGRO,MELT,Ki,MF,MINDEX,NMINDEX 

l•NMRATE,LIOWMX ; 
DIMENSION LAGR0<2l•Kl(5),EFC(5),COVER<5,3l),pX(5,31'4),PE<2•31lt 
lA~SCA<lll .. . . . 

C ·sNOW VARIABLES . 
tNTEGER CASE,SNOWOPT,WEIN,TAGIN,TAG,WEGIN,WEG,OSPRd,TSPRO 
REAL MFMAX,MFMIN.NMF,MBASE•LIQWI,NEGHSitLAGROI 
COMMON/S/CASF,SNOWOPT,NTAG,NWEG,WEIN,TAFLcV<3),TALR<3•4),TAGIN<3), 
ITAG(~),WEG!N(5),WEG<5l•ELFV(5),SCFt5J,MFMAX(5),MFMIN(5)tNMF(5), 

2UADJ(5),SI<5>•DAYGM(5), STOREI<SJ,SBJ(5J,SBAESC!(5),SBWSI<5l• 
~WEI$5l•NEGHSI<5J,LIQWI(5J•LAGROI<5,2),COEFAD<5,10)~ OWE(5,3ll• 
4SSFALL(5),SRAIN<5l•SUMPR0{5), SBAL<5J,TINDXI<5), CSI(5), 
50SPRd,TSPRQ,MBASE(5),PLWHC<5J,TIPM<5l,PXTEMP(5) 

C SNOW AND INPUT COMMON BLOCK 
COMMON/SI/TA(3,31,4l 
DATA ANGLF/285,316,~45•10•40,71,101,J32,163,19~,z24,~54/ 

******************************************************************************** 
C BEGIN INITIAL VALUES 

NOSNOW=l 
SSFALLT=Q.O 
SRAINT=O.O 
SUMPROT=O.O 
SBALT=OeO 
TG=TAG<IRGl 
IGWE=WEG<IRGl 

~~INITIAL PARAMETER VALUES 
ELEVT=ELEV<IRGl*O.OOl , 
PA=29.~-1.02*ELEVT+0.0032*<ELEVT**2e4) 
EDIFF=ELEVT-TAELEV<TGl*0.001 
UADJT~UADJC"IRG> 
SCFT=SCF(IRG) 
GM=DAYGM<IRG>*Oe25 
MFMAXT:MFMAX<IRG> 
MFMINT=MFMIN<IRGl 
NMFT=NMF(IRG) 
BASEM=MBASE<IRG> 
RASNOW=PXTEMP<IRG) 
WCPLW=PLWHC<IRG) 
TSPM=TIPM<IRG) 

. AESCA (J l =0.05 
DO 76 1=2,11 

76 AFSCA<Il=COEFAD<IRG,(!-1)1 
C INITIAL·SNOWPACK·. CONDITIONS 

SIT=SI<IRG> 
CSIT=CSI<IPG> 

'WE=WEI ( IRG) 

C-1 



NEGHS=NEGHSI<IRG> 
J_IQW=LIOWI<IRG) 
SRWS=SBWSI<IRGl 
TINDEX=TINbXI<IRGl 
SB=SBICIRG> 
SRAESC=SBAFS!J(IRG> 
STOPAGE=STORFT<IRG) 
DO 74 I=1 ,2 

74 LAGRO{I)=LAGROT<IRG,Il 
C COMPUTF TOTAL PACK VALUFS 

PWE=\1/E 
. PLIOW=LIQ\AJ 

PNEGHS=NEGHS 
C PWATERl=INITIAL TOTAL WATER IN SNOWPACK 

PWATFRl=PWE+PLIQW+LAGRO(ll+STORAGE• 
P\A!ATFR=PWATERl 
IF <WE.GT.O.Ol NOSNOW=O 
TITLF=O 
IP=P61 
IDA=DAl 
GO TO 101 

C END INITIAL VALUES 
******************************************************************************** ' I . 

C BEGINNING OF 6 HOUR AND DAY LOOP 
100 IF <IP.NE.Jl GO TO 105 
C INITIAL DAILY VALUES 
101 DSFALL=O.O 

DRAIN=O.O 
DQNFT=O.O 

C INITIAL SIX HOUR VALUES 
105 MELT=o.o· 

RA I·N~=O. 0 
CNHS=OeO· 
SPALL=O.·B 
PX6=PX(IRG,IOA,IPJ*Kl(IRG) 
PX(IRG,JDA,IPl=PX6 . 

C TEST IF A SNOWPACK EXISTS OR IF THERE IS NEW PRECIPITATION 
IF <<WE.EQ.O.Ol.AND.<PX6.F0o0o0ll GO TO 180 

******************************************************************************** 
C PERIOD VALUES OF INPUT VARIA~LES 

PTA=TA<TG,IDA,IPl+EDIFF*TALR(TG,IPJ 
C FND Of PFRIOD INPUT 
*******************~~************************************************************ 
C ESTIMATION OF FORM AND TEMPERATURE,OF PRECIPITATION 

IF <PX6.LT.0.0001l GO TO 121 
TPX=PTA 

C TPX=TtMPERATURF OF PRECIPITATION 
IF <TPX.GT.RASNOWl GO TO 322 

C SNOWFALL 
IF<TPX.GT.32.0l TPX=32o0 
PX6=PX6*SCFT 
SFALL=PX6 
DSFALL=DSFALL+SFALL 
SSFALLT=SSFALLT+SFALL 
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SBWS=PWE+PLIOW+Oo75*PX6 
WE=WE+PX6 
NEGHS=NEGHS+I32.0-TPXl*PX6/287.0 
IF IPX6.GT.0.2l TJNDEX=TPX 
PWE.:::PWE+PX6 
PX6=0o0 
GO TO 121 

C RAIN 
322 IF IWE.FO.OoOl GO TO 180 

RAINM=0.007*PX6*1TPX-32s0l 
DRAIN =DR A If'l+PX6 
SRAINT=SRAINT+PX6 

******************************************************************************** 
******************************************************************************** 
C SNOWPAC~ COMPUTATIONS 
C GPOUNDMFLT 
121 IF IWEoGT.GM) GO TO 125 

GMRO=WE+LIOW 
GO TO 175 

125 WLOS=IGM/WE)*LIQW 
WE=I!!F-GM 
PWF=PWE-GM 
L I 0\•I= L I OW-WLOS 
GMRO=GM+WLOS 

******************************************************************************** 
c 

124 

c 
127 

c 

c 

SNOWPACK FNERGY EXCHANGE COMPUTATIONS 
IF INOSNOW.EO.l) GO TO 124 
IF IIP.NE.J.l GO TO 127 
IDN=ANGL~IMONTH>+IDA 
DIFF=MFMAXT-MFMINT 
DAYN=IDN 
MF=ISINIDAYN*2•0*3.1416/366o0l*DIFF*0•5>+ 

J IMFMAXT+MFMINTl*0.5 
RATIO=MF/MFMAXT 
MF=BASIC MELT FACTOR FOR CURRENT DAY 
MINDFX=PTA-~ASErv1 
IF I~INDEX.LT.O.O) MINDEX=O.O 
IF IPTA.LEo32o0) MINDEX=O.O 
EMPIPI(AL EXCHANGE COMPUTATIONS 
NMINDFX=TINDEX-PTA 
IF IPTA.GT.32.0) NMINDEX=OoO 
NEGATIVE EXCHANGE 
NMRATE=RATIO*NMFT 
CNHS=NMRATE*NMINDEX 
TINDEX=TINDEX+TSPM*IPTA-TINDEX) 
IF IPX6.GT.0.10} GO TO 130 

C MELT ~URING NON-RAIN CR LIGHT RAIN PERIODS 

c 
130 

MELT=MF*MINDEX+RAJNM 
GO TO 1·q0 
MELT DURING RAIN.GT.OolO INCH IN SIX HOURS 
MINilfX=PTA-32.0 
EA=B.1175E6*~XPI-7701o544/IPTA+405.0265ll 
MELT=Q.007*MlNDEX+<0.000359*15J7.1*PA*UADJT/202.4)*MINDEX+ 
11EA-0~18)*8.5*UADJT+RAINM 
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IF IMELT.LT.O.OI MELT=O.O 
C END OF SNOWPACK FNERGY EXCHANGE COMPUTATIONS 
******************************************************************************** 
C AREAL EXTENT OF SNOW COVER 
160 TWF=PWE+PLIOW 

IF ITWE.GT.CSITI CSIT=TWE ~ 

VSIT=CSIT 
IFICSIT.GT.STTI VSIT=SIT 
IF ITWE.GF..VSITI GO TO 162 
IF ITWE.LE.SBI GO TO 163 
IF ITWE.GE.SRWSI GO TO 161 
AFSC=SBAESC+((1.0-SRAESCI*IITWE-SBI/ISBWS-SBII1 
GO TO 164 

16~ FI=ITWE/VSJTI*J0.0+1.0 
I=FI 
FF= I · 
FI=FI-FF 
AESC=AESCAIII+IAESCAII+11-AESCAIII I*FI 
IF IAFSC.GT.l.OI AESC=1o0 
SP=TWt+0 .. 05 
SBWS=TWF 
SBAFSC=AESC 
GO TO 164 

16 2 SB=TvJE 
161 AESC=1 .. 0 
164 IF IAFSC.LT .. 0.051AESC=0 .. 05 
******************************************************************************** 
C ADJUSTMFNT OF PERIOD VALUES FOR AESC 

IF IAESCeEO.l .. OI GO TO 1651 
MELT=MELT*AESC 
CNHS=CNHS*AESC 
RAINM=RAINM*AESC 

1 6 5 J CONT T NU E 
IF IICNHS+NEGHSI.LT.O.OI CHNS=-loO*NEGHS 

*********************************************************~********************** 
C SURFACE MELT COMPUTATIONS 

1601 
c 
165 

IF IMELT.LE.O.OI GO TO 165 
IF IMELT.LT .. If.!El GO TO 1601 
MELT=WE 
MELT=MELT+LIOW 
GO TO 175 
1/JE=vJE-MEL T 
ONET=NET SURFACE ENERGY EXCHANGE EXCLUDING PRECIP. IN INCHES WE 
QNET=MELT-CNHS 
DONET=DONET+QNET 

*************************~~****************************************************** 
C HEAT AND WATER BALANCE FOR SNOWPACK 

WATER=MELT+PX6 
HEAT=CNHS 
LIQWMX=WCPLW*WE 
NEGHS=NEGHS+HEAT 
IF IARSINEGHS).GT.I0 .. 33*WEll NEGHS=INEGHS/ABSINEGHS))*Oo33*WE 
IF ((WATER+LIOWleLT.<LIOWMX+NFGHSl> GO TO 233 
EXCESS=WATER+LIQW-LIQWMX-NEG~S 
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L I Q\>J=L I QWMX 
WE=WE+NEGHS 
NFGHS=O.O 
GO TO 235 

233 IF CWATER.LT.NEGHS> GO TO 234 
LIQW=LIQW+WATER-NEGHS 
h!E=\.JE +N EGHS 
NEGHS=O.O 
EXCF~S=O.O 

GO TO 235 
234 WE=WE+~ATER 

NEGHS=NEGHS-WATER 
EXCESS=O.O 

235 CONTINUE 
******************************************************************************** 

PWE=WE 
PNEGHS=NEGHS 
PLIQW=LIQW 
IF CTINDEX.GT.32.0> TINDEX=32o0 
IF CNEGHS.EQ.O.OI TINDFX=~2.0 

******************************************************************************** 
C ROUTF EXCESS WATER THROUGH THE PACK 
C LAG -- FUNCTION OF INFLOW AND PACK WE 

PACK.PO=O.O 
IF <FXCFSS.EQ.O.O) GO TO 26 
IF (PWE.LT.l.O) GO TO 28 
NI=CCEXCESS*lOO.OI**0.3J+OoS 
IF <NI.EQ.OI NI=l 
FN=NI 
DO 25 JJ=l,NI 
FJ=JJ 
FLAG=5.~3*Cl.O-EXPI-0.03*PWE*FN/CEXCESS*!FJ-0.5)))) 
POR2=FLAG/6.0 
POR1=-J-POR2 
LAGROC2)=LAG~OC2>+POR2*EXCESS/FN 
LAGRO<l>=LAGRO(l)+PORl*EXCESS/FN 

25 . CONTINUE 
GO TO 26 

28 LAGR0(2l=O.O 
LAGRO<ll=EXCFSS+LAGRO<l> 
GO TO 29 

C ATTENUATION -- FUNCTION OF STORAGE AND PACK WE 
26 IF !CSTORAGE+LAGRO!ll J.FO.O.OI GO TO 27 

PACKRO=!STORAGE+LAGROCll J/(0.5*FXPC-83o5*LAGROC1 J/CPWE**l•~> )+1.01 
STOPAGE=STORAGE+LAGRO(l)-PACKRO 
IF CSTORAGE.GT.O.OOll GO TO 27 
PACKRO=PACKRO+STORAGE 
STORAGE=O.O 
.GO TO 27 

29 PACYRO=STORAGE+LAGROCl> 
STORAGE=O.O 

27 PACKR0=PACKRO+GMRO 
PX <IRG,IDA,JPI=PACKRO 
LAGRO<ll=LAGR0(2) 

C-5 



LAGRO ( 2) =0 e·O 
NOSNOW$=0 
GO TO 400 

*~****************************************************************************** 
C SNOW GONE -- LAYER OR TOTAL PACK 
175· WE=OoO 

NEGHS=O.O 
LIQW=O•O 

C INITIALIZE ALL VARIABLES FOR NO SNOW 
PACKRO=GMRO+MELT+LAGRO(l)+STORAGE+PX6 
~XCIRG,IDA,IP1=PACKRO • 
SB=OeO 
SBAt:SC=O.O 
SBWS=OeO 
CSlT=OeO 
AESC=O~O 
TINDEX=32e0 
LAGROC1)=0e0 
LAGR0(2)=0.0 
STORAGE=O.O 
PWE=OeO 
PNEGHS=.Oe.O 
PLIQW=O.O 
PWATER=O.O 
NOSNOW=l 

C END OF SNOWPACK COMPUTATIONS 
******************************************************************************** 
********************~******************************•**************************** 
400 SUMPROT=SUMPROT+PACKRO 

IF <TITLE.EQ.1) Gd TO 405 
C OUTPUT SNOWOPT.EQ.1(DAILY ONLY) SNOWOPT=O<NONE) 

IF (SNOWOPT~EOeO) GO TO 403 

403 
405 

~RINT 1oo,IRG,MONTH,YEAR 
PRINT 901 
TITtE=1 
IF (IP.NE.4) GO TO 406 
PWATER=PWE+~LIQW+LAG~O(ll+STORAGE 
IF <SNOWOPT.EQ.Ol GO TO 40.6 
PRINT 902,IDAtDSFALL,DRAI~'DQNET,AESC,PWE,PLIQW,PNEGHS,PWATER, 

lOWE (I GWE, IDA) 
'******************************************************************************** 
406 COVER<IRG,IDA·l=AESC 

GO .TO 190 
C NO SNOWPACK -- NO SNOWFALL 
180· COVERCIRG,IDAl=OoO 
C INCREMENT TO NEXT·PERIOD 
190 IF<<IDA.EQoDA2leAND.<IP.EQ.P62)) GO TO 195 

IP=IP+1 
IF CIP.LEe4l GO TO 100 
IP=l 
IDA=IDA+1 
GO ·TO 100 

C EN~ OF SIX HOUR AND DAY LOOP 
******************************************************************************** 
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C SNOW CARRYOVER VALUES 
195 WEI(IRGl=WE 

NFGHSI(IRGl=NFGHS 
LIQ~JI ( IRGl=LIQW 
SSFALL(IRGl=SSFALLT 
SRAIN(IRG1=SRATNT 
SU~PRO(IRG>=SUMPROT , 
SRALT=PWATER-PWATERl-SSFALLT-SRAINT+SUMPROT 
SF3AL(TRG)=SBALT 
SBWSI(IRGl=SBWS 
CS!(IRG>=CSIT 
TINOXI(IRGl=TINDEX 
SBI(IRGJ=SB . 
SRAFSCI(IRGl=SBAFSC 
STORFI(IRGl=STORAGE 
DO 197 T=1,2 
LAGROJ(TRG,Jl=LAGRO(T) 

1.97 CONTINUE 
*****~************************************************************************** 
C FORMAT STATEMENTS 
900 FOP~AT (JH1,?4HSNOW SUMMARY FOR STATIQN,J3,5X,T?,1H/,T2> 
901 FORMAT (JHO,?X,~HOAY,2X,8HSNOWFALL,6X,4HRAlN,2X, 8HHEAT-FXQ,5X, 

15HCOVER,3X,7HPACK WE,4X,6HLIQUID,2X,8HNEG-HEAT,zX,llHTOTAL WATER, 
?2X'l~H08S WATER EQUIVl 

902 FORMAT (lH ,J~,3Fl0.3,2FJ0•2,2FlO.~,Fl0.2,5X,Fl0.2l 

RE·TLJRN 
END 
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APPENDIX D 

VERIFICATION PROGRAM WITH SNOW -- INPUT AND OUTPUT SAMPLES 

Del VERIFICATION PROGRAM WITH SNOW - INPUT SUMMARY 

De2 SAMPLE INPUT FOR VERIFICATION PROGRAM WITH SNOW 

D.3 EXAMPLES OF OUTPUT FROM VERIFICATION PROGRAM WITH SNOW 
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Del VERIFICATION PROGRAM ~ITH SNOW - INPUT SUMMARY 

C INPUT SUMMARY FOR VE'RIFICATION 
******************************************************************************** 
*CARD NO. FORMAT CONTENTS , 
*************************************************~****************************** 
C 1 20A4 BASIC RUN INFORMATION SUCH AS DATEtETCo 
******************************************************************************** 
C 2 20A4 BASIN NAME 
******************************************************************************** 
C ~ I5 NO. OF MBP AREAS USED IN RUN CNGAGES) 
C 15 NO. OF PE STATIONS USED CNPEGS) 
C I5 NO. OF STREAM-FLOW-POINTS USED <NPTS) 
C 15 NO. OF UPSTREAM INFLOW POINTS NEEDED FROM OUTSIDE 
C AREA BEING RUN CNPTSUP) 
******************************************************************************** 
C 4 I5 NO. OF MBP AREAS ON INPUT TAPE 
C 15 NO. OF PE STATIONS ON TAPE 
C I5 NO. OF MEAN DAILY FLOW-POINTS ON TAPE 
C I5 NO. OF POINTS WITH OBSERVED SIX-HOUR DISCHARGE 
C THAT ARE ON TAPE 
C I5 NO. OF UPSTREAM INFLOWS FROM OUTSIDE RUN AREA 
C ON TAPE 
******************************************************************************** 
C 5 I5 FIRST MONTH OF RUN 
C I5 FIRST YEAR OF RUN CLAST 2 DIGITS ONLY) 
C 15 LAST MONTH 
C · I5 LAST YEAR 
******************************************************************************** 
C 6 16I5 IDENTIFIES THE MBP AREAS ON TAPE TO BE USED IN THE RUNe 
C ALSO D~FINES THE PRECIPe AREA ORDER FOR THE RUNe 
C 1 TO CNGAGES> VALUES ARE NEEDED. 
C E.G. 5 MBP AREAS ON TAPEtCNGAGES)=3t CARD 6=4tlt5 
C THEN THE 4 TH GAGE ON TAPE WILL BE GAGE 1 FOR RUNe 
C 1 ST GAGE ON TAPE WILL BE GAGE 2 FOR RUNe 
C 5 TH GAGE ON TAPE WILL BE GAGE 3 FOR RUNe 
******************************************************************************** 
C 7 10A4 NAME OF PE STATION 
C I5 NEP 
C I 5 NDUR 
C CREPEAT CARD 7 FOR EACH PE STATIONCl TO NPEGS>>--ORDER OF READ DETERMINES 
C PE STAT10N NUMBER FOR THE RUN) ~ 

**************************************************~***************************** 
C 8 '16I5 SAME AS CARD 6 ONLY FOR PE STAT IONS. / 
******************************************************************************** 
C 9 1615 , ASSOCIATES PE STATIONS TO MBP AREAS 
C 1 TO CNGAGES> VALUES ARE NEEDED 
C E.G. CNGAGES>=3tCNPEGSl=2t CARD 9=2'1'2 
C THEN THE 1ST PRECIP AREA WILL USE PE FROM NOe2 

PE STATION 
THE 2ND PRECIP AREA WILL USE PE FROM NOel 

c 
c 
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c 
c 
c 

PE STATION 
THE 3RD PRECIP AREA WILL USE PE FROM N0o2 

PE STATION 
******************************************************************************** 
c 10 
c 

16I5 SAME. AS CARD 6 ONLY FOR MEAN DAILY FLOW STATIONS 
<VALUE =0 IF NO MoDoFo FOR A PARTICULAR FLOW-POINT) 

******************************************************************************** 
c 11 
c 

16I5 SAME AS CARD 6 ONLY FOR SIX HOUR OBSERVED DISCHARGE 
<VALUE =0 IF NO DISCHARGE FOR A PARTICULAR FLOW-POINT) 

******************************************************************************** 
C 11A 
c 
c 

1615 SAME AS CARD 6 ONLY FOR UPSTREAM INFLOW STATIONS 
FROM OUTSIDE CURRENT RUN AREA 

CONLY NEEDED IF NO. OF UPSTREAM INFLOWS ON TAPE.GToO) 
******************************************************************************** 
c 12 
c 
c 
c 
c 

1615 TYPE OF ROUTING TO BE APPLIED TO REACH ABOVE. FLOW
POINT C1 TO NPTS) EQUAL TO 1 FOR NOW 

1 IS FOR LAG AND K ROUTING INCLUDING VARIABLE 
SEE CHAPTER 6 OF HYDR0-14 FOR ADDING OTHER ROUTING 

PROCEDURES. . 
******************************************************************************** 
C 13 1615 FLOW TO ROUTE DOWNSTREAM <1 TO NPTS> 
C =i ROUTE OBSERVED OR BEST ESTIMATE OF OBSERVED 
C =0 ROUTE SIMULATED 
******************************************************************************** 

.C 14 15 =1 STORE CHANNEL INFLOW ON TAPE =0 NO 
C 15 =1 DO ROUTING ONLY USING CHANNEL INFLOWS PREVIOUSLY STORED 
C ON TAPE =0 NO 
C !5 =1 SAVE 6 HOUR FLOW AT EACH FLOW POINT ON TAPE FOR USE 
C AS UPSTREAM INFLOWS LATER =0 NO 
C I5 =1 PLOT SIX HOUR FLOW FOR ALL PERIODS WHEN OBSERVED IS 
C READ IN. =0 NO 
C 15 =1 PLOT MEAN DAILY FLOWS BY WATER YEAR FOR FLOW-POINTS 
C WHERE OBSERVED DATA IS READ IN A~D PLOT IS WANTEDo 
C THIS IS A PRINTER PLOT. =0 FOR CARD OUTPUT FOR 
C CAL-COMP PLOT PROGRAM 
C I5 TAPE NO. OF CHANNEL INFLOW TAPE 
C I5 TAPE NO. OF PRECIPITATION TAPE 
C !5 TAPE NOo OF MEAN DAILY FLOW TAPE 
C I5 TAPE NOo OF SIX HOUR OBSERVED DISCHARGE TAPE 
C !5 TAPE NO. OF PE TAPE 
C I5 TAPE NO-. OF SNOW DATA <TEMPERATURE-WATER EQUIVALENT) 
C !5 TAPE NOe FOR SAVING SIX HOUR FLOWS AS FUTURE 
C UPSTREAM INFLOWS 
C 15 TAPE NO. FOR UPSTREAM INFLOWS FROM OUTSIDE RUN AREA 
C !5 =0 NO STATISTICAL SUMMARY 
C =1 MULTIYEAR STATISTICAL SUMMARY PLUS PUNCH M.D.Fo IN 
C STANDARD FORMAT 
C =2 MULTIYEAR SUMMARY ONLY 
C =3 YEARLY AND MULTIYEAR SUMMARY 
C =4 YEARLY PLUS MULTIYEAR PLUS PUNCH MeDeFe CARDS 
C I5 =1 OUTPUT MONTHLY FLOW VOLUMES .AND MOISTURE STORAGESt =0 NO 
******************************************************************************** 
C 15 15 =1 SNOW IS INCLUDEDt =0 NO SNOW 
C I5 =1 OUTPUT WATER YEAR MEAN DAILY FLOW SUMMARY TABLESt 
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c 
c 
c 

15 
=0 NO TABLE OUTPUT 

=1 OUTPUT DETAILED SOIL MOISTURE OUTPUT FOR SELECTED MONTHS, 
=0 NO DETAILED OUTPUT 

******************************************************************************** 
C 15A 1615 MONTH AND YEAR (2 DIGITS) FOR WHICH DETAILED SOIL ~OISTURE 
C OUTPUT IS WANTED. CUP TO 8 MONTHS CAN BE OBTAINED> 
C CTHIS CARD ONLY NEEDED IF DETAILED SOIL MOISTURE OUTPUT 
C IS ASKED FOR) 
******************************************************************************** 
****************************~*************************************************** 
C**NOTE** REPEAT CARDS 16 THROUGH 19 FOR EACH.MBP AREA CNGAGES) 
C 16 5A4 NAME OF MBP AREA 
C 4F5.2 SOIL-MOISTURE VOLUME PARAMETERS 
C ,F5.1, MOD. STANFORD WATERSHED MODEL 
r F5.2, ORDER OF PARAMETERS IS --
C 2F5e1' Kl'A,EPXM,UZSN,LZSN,CB,POWER,cc,K24L 
C ~F5.2 , (PARAMETERS DEFINED IN SECTION 4.3 OF HYDR0-14 
******************************************************************************** 
C 17 20X, EVAPOTRANSPIRATION PARAMETERS FOR SOIL MOISTURE 
C 5F5.2 ORDER IS K3tGAGEPEtEHIGH,ELOW,K24EL 
******************************************************************************** 
C 18 20X, SOIL MOISTURE TIMING PARAMETERS 
C 2F5.2, ORDER IS---
C F5e4' SRC1,LIRC6,LKK6,KV,KGS 
C 2F5.2 
******************************************************************************** c 19 
c 
c 
c 

.c 
c 
c 
c 
c 

20X, 
7F5e1 

SOIL MOISTURE INITIAL CONDITIONS 
ORDER IS---UZSI,LZSI,SGWI,GWSI,RESI,SRGXI,SCEPI 

UZS=UPPER ZONE STORAGE 
LZS=LOWER ZONE STORAGE 
SGW=GROUNDWATER STORAGE 
GWS=ANTECEDENT GW INFLOW INDEX 
RES=SURFACE DETENTION 
SRGX=INTERFLOW DETENTION 
SCEP=INTERCEPTION STORAGE 

******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
**********NOTE*********** THE FOLLOWING 200 SERIES CARDS ARE ONLY NEEDED 
*** IF SNOW IS INCLUDED. DO NOT PUT IN OTHERWISE. ******************** 
******************************************************************************** 
c 201 I5 PUNCH 1 IN COLUMN 5 
c I 5 =1 OUTPUT DAILY SNOW QUANTITIES SUCH AS WATER-EQUIVALENT, c SNOWFALL,HEAT EXCHANGE,ETC. 
c =0 NO DAILY SNOW OUTPUT 
c 15 =1 OUTPUT SNOWPACK OUTFLOW ON TO TAPE. c =0 DO NOT OUTPUT ON TO TAPE 
c I 5 TAPE NUMBER TO WHICH SNOWPACK OUTFLOW IS TO BE WRITTEN 
******************************************************************************** c 202 
c 

I5 
15 

NUMBER OF MAT AREAS USED IN THIS RUN CNTAG) 
NUMBER OF AREAS WITH OBSERVED WATER-EQUIVALENT CNWEG) 

******************************************************************************** c 203 
c 

15 
15 

NUMBER OF MAT AREAS ON INPUT TAPE 
NUMBER OF OBS. AREAL WATER-EQUIVALENTS ON INPUT TAPE 
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**********************~********************************************************* 
t 20~. 5A4 NAME OF MAT AREA 
C FIG.O MEAN ELEVATION OF MAT AREA IN FEET 
C 4F5.1 AIR TEMPERATURE LAPSE RATES FOR MID-6AM,6AM-NOON, 
C NOON-,6P;M,6P.M:-M!D .• DE,G. F/1.000 FT. ELEV. CHANGE 
C NOTE. ;REPEAT THfS' CARD. FOR E'ACH MAT AREA. CARD ORDER . 
C DEFINES MAT ORDER NUMBER FOR THIS RUN. 
*****************~************************************************************** 
C 205 l~I5 IDENTIFIES THE ~AT ARE~S ON TAP~ TO SE USED IN THIS RUN • 

. C 1 TO <NTAGJ VALUES ARE NEEDED. 
• C . E.G. '5 MAT AREAS ON TAPE, NTAG=2 , tARD ;205 = 4,2 

C .THEN THE 4. TH MAT RECORD ON TAPE IS THE TEMPERATURE 
C , DATA FOR THE 1 ST MAT AREA. 
C 2 ND MAT RECORD ON TAPE IS THE TEMPERATURE 
C DATA FbR THE 2 ND MAT AREA. 
******************************************************************************~ 
c 206 
c 
c 
( 

c 
c 
c 
c 
c 

16I5 ASSOCIATES MAT AREAS TO MBP AREAS 
1 TO INGAGESJ VALUES. ARE NEEDFD 

E.G. INGAGESJ=3' INTAGJ=2, CARD 206=2'1'1 
THEN THE 1 ST PRECIP AREA WILL USE .AIR TEMPERATURE 

FROM MAT AREA N0.2 
2 NO PRECIP AREA WILL USE AIR TEMPERATURE 

FROM MA,T AREA NO.1 
3 RD PRECIP AREA WILL USE ·AIR TEIVIPERATURE 

FROM MAT AREA N0.1 
******************************************************************************** 
C NOTE •• CARDS 207 THROUGH 209 ONLY NEEDED JF INWEG.GT.OJ 
********************************************************!***************~t******* 
c 207 
c 
c 

5A4 NAME OF OBSERVED WATER-EQUIVALENT MEASUREMENT AREA 
NOTE •• REPEAT THIS CARD FOR EACH OBS. WATER-EQUIVALENT AREA 

USED IN THIS RUN. CARD ORDER DEFINES ORDER NO. FOR RUN. 
******************************************************************************** 
c 208 . 16!5 SAME AS CARD 205 ONLY FOR OBS. WATER-EQUIVALENT AREAS. 
******************************************************************************** 
C 209 16!5 SAME AS CARD 206t0NLY FOR OBS. WATER-EQUIVALENT AREAS. 
************************************ ********~********************************** 
************************************ ******************************~t************ 
C NOTE •• REPEAT CARDS 2)Q,21lt212,213,214 FOR EACH MEAN BASIN PRECIPITATION AREA 
C USED IN THIS RUN INGAGESJ 
~**'***************************************************************************** 
C 210 20X,Fl0o0 MEAN AREA ELEVATION IN FEET 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

.C 
c 
c 

F5.2 PERCENT/100 OF AREA OVER WHICH EVAPOTRANSPLRATION CAN TAKE 
PLACE ~HEN THERE IS COMPLETE AREAL SNOW COVER IEFCJ 

MULTIPLYING FACTOR TO CORRECT FOR GAGE CATCH DEFICIENCY 
IN THE CASE OF SNOWFALL. ISCFJ 

F5o4 MAXIMUM NON-RAIN MELT FACTOR OCCURS ON JUNE 21. IMFMAX) 
F5o4 MINIMUM NON-RAIN MELT FACTOR -- OCCURS ON DEC. 21. IMFMINJ 
F5.4 MAXIMUM NEGATIVE MELT FACTOR -- INMF) 

F5o4 

F5ol 

F5o2 

NOTE •• UNITS FOR MELT FACTORS ARE INCHES/DEG.F/SIX HOURS 
MEAN WIND FUNCTION VALUE DURING RAIN ON SNOW PERIODS 

UNITS ARE INCHFS/INCH OF MERCURY IUADJJ 
AREAL WATER-EQUIVALENT CINCHES> ABOVE WHICH THERE IS 

ALWAYS COMPLETE AREAL SNOW COVER. ISIJ 
DAILY MELT AT THE SNOW-SOIL INTERFACE TN INCHES. IDAYGMI 
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**************************************************************~~***************** 
c 211 
c 
c 
c 
c 
c 
c 
c 

F5.2 
F5o2 
F5.2 

NOTE •• SEE 

INITIAL VALUES OF SOME SNOW COVER VARIABLES. 
ANTECEDENT SNOW TEMP. INDEX (DEG. FJ (ATIJ 
FREE WATER IN SNOW IN EXCESS OF THAT HELD AGAINST GRAVITY 

DRAINAGE (INCHES> 
POINT SB ON AREAL DEPLETION CURVE (INCHES~ 

PERCENT/100 AREAL SNOW COVER AT POINT SB. 
POINT ~BWS ON AREAL DEPLETION CURVE (INCHES) 

fHAP. 3 FOR FURTHFR EXPLANATION OF THFSE INITIAL VALUES. 
******************************************************************************** 
c 2]2 
c 
c 
c 
c 
c 
c 

F5o2 
F5.2 

INITIAL VALUES OF MAJOR SNOW COVER VARIABlES 
INITJAL WATER-EQUIVALENT OF SOLID PORTION OF THE 

SNOWPACK. (INCHES) 
INITIAL NEGATIVE HFAT STORAGE (INCHES) 
INITIAL AMOUNT OF FREE.WATFR HELD AGAINST GRAVITY 

DRAINAGE (INCHFSJ. MAXIMUM EQUALS PERCENT LIQUID 
WATER HOLDING CAPACITY TIMES INITIAL WATER-EQUIVALENT. 

******************************************************************************** 
******************************************************************************** 
c 213 
c 
c 
c 
c 
c 
c 
c 
c 

?OX,F5o0 
F5e0 

F5.2 

ADDITIONAL SNOW PARAMETERS 
~1 E L T FACT 0 R B .A S E T fr.A P E B A Tl! P E ( DE G • F ) ( rv1 RASE ) 
TEMPERATURE (DEG. Fl TO DIVIDE RAIN FROM SNOW (PXTEMPJ 

IF AIR TEMPERATURE GREATER,THEN RAIN 
IF AIR TEMPERATURE LESS THAN OR EOUAL,THEN SN00 

PERCENT/100 LIQUIG WATER HOLDING CAPACITY (PLWHC) 
.MAXIMUM AMOUNT OF FRFE WATER HELD AGAINST'GRAVITY. 

ANTECEDENT SNOW TEMP. INDEX PARAMETER (TIPM) 
(.GE.O.O --.LE.loOl . 

'******************************************************************************** 
C 214 20X,9F5o2 
c 
c 
c 
c 
c 

AREAL SNOW COVER DEPLETION CURVE 
PERCENT/100 AREAL EXTENT OF SNOW COVER AT 
WATER EQUIVALENT/AI RATIOS OF O.],Oe2,0o3,Q.4,Q.5, 

Oe6,0.7,o.s,0.9 (SEE SECTION 3.1.3 FOR DEFINITION 
OF Ail FOR RATIO=O.O AREAL COVER=0.05 

RATI0=1.0 AREAL COVFR=1.00 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
C**NOTE**CARD 20A IS ONLY NEEDED WHEN THE NUMBER OF UPSTREAM INFLOWS 
C FROM OUTSIDE THF AREA BEING RUN ISeGT.O (NPTSUP.GT.O) 
C 20A 7A4 NAME OF UPSTREAM INFLOW POINT 
C 2X,Fl0oO AREA OF UPSTREAM INFLOW POINT (TOTAL AREA ABOVE GAGE SQ.MIJ 
C REPEAT CARD 20A FOR EACH UPSTREAM JNFLOW POINT (1 TO NPTSUPJ) 
C ORDFR OF CARDS DFT~RMINFS FLOW-POINT NUMBER FOR RUN 
C FIRST UPSTREAM INFLOW POINT IS ASSIGNED FLOW-POINT NUMBER 
C EQUAL TO <NPTS+ll ETC. E.G. IF NPTS=3 THEN THE FIRST 
C UPSTREAM INFLOW POI~T BECOMES FLOW-POINT 4 FOR 
C THE RUN. 
******************************************************************************** 
******************************************************************************** 
C**NOTE** REPEAT CARDS 20 THROUGH 23 (IF ALL NEEDED! FOR EACH FLOW-POINT 
C WITHIN RUN AREA (NPTSJ 
C ORDER OF CARDS DETERMINES FLOW-POINT NU~BER FOR THE RUN. 
C NOTE ••• ALL FLOW-POINTS UPSTREAM FROM GAGE MUST HAVE A SMALLER RUN 
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C NUM8ER THAN THE GIVEN GA~E--EXCEPT FOR UPSTREAM INFLOW-POINTS 
C FROM OUTSIDE THE AREA BEING RUN(SEE CARD 20A> 
C 20 7A4 NAME OF FLOW-POINT . 
C 2X~Fl0o0 TOTAL AREA ABOVE FLOW-POINT IN SQUARE MILES. 
C tF5o2• CONSTANT K ROUTING FACTOR IN HOURS =OoO IF VAR. K USED 
C 15 =1 USE VARIABLE K. :o NO 
C 15 =1 USE VARIABLE LAG ·:o NO 
C 15 ROUTING INTERVAL IN HOURS (~UST=6 FOR NOW) 
C I5 NO. OF VALUES IN TIME-DELAY HISTOGRAM FOR LOCAL AREA 
C 15 NO. OF UPSTREAM INFLOW POINTS·TO LOCAL AREA (NUPINl 
C THESE CAN BE UPSTREAM INFLOWS FROM OUTSIDE OR 
C INSIDE THE RUN. AREA 
C I5 NO.OF POINTS TO DEFINE VARIABLE K VS OUTFLOW CURVE 
t I5 NO. OF POINTS TO DEFINE VARIABLE LAG VS INFLOW CURVE 
******************************************************************************** 
C 20B 8F10o0 VARIABLE K VSeOUTFLOW CURVE IF NEEDED K IN HOURS 
C MAXIMUM POINTS TO DEFINE CURVE IS 10 (THUS 3 CARDS) 
C VALUES READ IN PAIRS CFLOW,Kl 
C SO 4 PAIRS OF CFLOWtKl CAN GO ON A CARD 
C K AT ZERO FLOW MUST BE FIRST POINT 
C CALCULATIONS USING K ARE BASED ON A LINEAR 
C INTERPOLATION BETWEEN POINTS 
C K VALUE FOR HIGHEST DEFINED FLOW IS USED FOR 
C ALL FLOWS ABOVE THAT DISCHARGE 
***********************************************'********************************* 
C 20C 8F10e0 VARIABLE LAG VS. INFLO~ CURVE IF NEEDED LAG IN HOURS 
C MAXoPTS=lOo VALUES IN PAIRSCFLOWoLAG), 4 PAIRS PER CARD 
C LAG AT ZERO FLOW MUST BE FIRST POINT 
C CALCULATIONS USING VARIABLE LAG ARE BASE ON 
C LAGGING THE VOLUME OF FLOW IN THE INTERVAL 
C FLOWCNl TO FLOW<N+1) BY THE AVERAGE LAG FOR 
C. THAT INTERVAL <LAG(N)+LAG<N+1))*0e5 
C LAG VALUE FOR HIGHEST DEFINED FLOW IS USED FOR 
C ALL FLOW ABOVE THAT DISCHARGE 
******************************************************************************** 
C 21 40Xtl5 =1 IF M.D.Fe PLOT WANTED FOR THE FLOW-POINT =0 NO PLOT 
C M.D. OBSERVED FLOW MUST BE REA.D IN TO GET PLOT 
C F10eO MAXIMUM PLOT ORDINATE FOR MeDeFo PLOT 
C F10e0 BASE FOR FLOW INTERVAL CALCULATIONS IN STATISTICAL 
C SUBROUTINE <GUIDE--FLOW THAT IS EXCEEDED 25 PER 
C CENT OF THE TIME) 
C 1X,A9 USGS STATION IDENTICATION NUMBER <NEEDED IF STDe FMT CARDS 
C ARE TO BE PUNCHED l 
******************************************************************************** 
C 22 30Xt TIME DELAY HISTOGRAM <MAX.NO OF POINTS=30l 
C 10F5.2 HISTOGRAM IS FOR LOCAL AREA SUMMATION OF VALUES=leO 
****~*************************************************************************** 
C 23 30~, MBP AREAS TO BE ASSIGNED TO EACH ELEMENT OF THE TIME-DELAY 
C 1015 HISTOGRAM --- MBP AREAS DESIGNATED BY RUN NO. WHICH 
C IS DETERMINED BY THE ORDER CARDS 16 TO 19 WERE READe 
******************************************************************************** 
C 20D 30X, RUN NOe OF EACH UPSTREAM INFLOW POINT TO LOCAL AREA 
C 515 NEEDED IF .<NUPIN.GTeO) 
******************************************************************************** 
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C 20E 
c 
c 

30Xt CONSTANT LAG FOR EACH UPSTREAM INFLOW POINT 
5F5el (LAG IN HOURS) NEEDED IF (NUPIN.GTeOl 

**NOTE** TOTAL LAG CONSISTS OF CONSTANT PLUS VARIABLE COMPONENT 
******************************************************************************** 
******************************************************************************** 
C 24 4I5 NUMBER OF RECORDS TO SKIP ON TAPES 1 TO 4 TO POSITION 
C THE TAPE CORRECTLY FOR THE INITIAL MONTH 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
C THE FOLLOWING SNOW INPUT CARD TELLS THE PROGRAM FOR WHICH MONTHS VALID 
C AIR TEMPERATURE DATA ARE AVAILABLE AND THUS WHICH MONTHS SNOW 
C COMPUTATIONS ARE TO BE MADE. =1 VALID DATA AVAILABLE 
C =0 AIR TEMPERATURE DATA IS MISSING 
******NOTE******** CARD 241 ONLY NEEDED IF SNOW IS INCLUDED. ***************** 
******************************************************************************** 
c 241 
c 

12I5 VALID AIR TEMP. DATA INDICATOR-- MONTHS 1-12 (JAN-DEC> 
REPEAT CARD 241 FOR EACH WATER YEAR 

******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
C DATA INPUT DESCRIPTION --------- SNOW NOT INCLUDED. 
c 
C Ae BASIC DATA CAN BE ON MORE THAN ONE TAPE (JN ORDER BY MONTHS> 
C IF ON ONE TAPE MUST BE IN FOLLOWING ORDER 
C le MBP AREAS RECORD SIZE=l24 SIX HOUR PCPN IN SEQUENTIAL 
C ORDER FOR THE MONTH 
C 2• PE STATION RECORD SIZE=31 DAILY PE 
C 3e MoDeF STREAMGAGES RECORD SIZE=31 DAILY FLOWS FROM 
C USGS WATER SUPPLY PAPERS 
C MISSING DATA IS READ IN AS NEGATIVE NUMBER 
C ENTIRE MONTH MUST EITHER BE ALL VALID DATA OR 
C ALL MISSING DATA. 
C 4• SIX HOUR DISCHARGES RECORD SIZE=l24 
C DISCHARGE AT 6 A.M.,NOON,6 PeMetMID. FOR EACH DAY 
C IN SEQ. ORDER FOR THE MONTH 
C MISSING DATA IS READ IN AS NEGATIVE NUMBER 
c 
C B. O~HER DATA IS EITHER GENERATED BY THE PROGRAM IN A PREVIOUS 
C RUN OR lN THE CASE OF UPSTREAM INFLOWS, THESE CAN BE· GENERATED 
C BY A PREVIOUS RUN OR THE TAPE COULD BE PREPARED. 
C IF PREPARED IT IS THE SAME FORMAT AS SIX HOUR DISCHARGES 
C EXCEPT NO MISSING DATA IS ALLOWED. 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
C DATA INPUT DESCRIPTION ------- SNOW INCLUDED. 
c 
c 
c 
c 
c 
c 

BASIC DATA CAN BE ON MORE THAN ONE TAPE <IN ORDER BY MONTHS> 
IF ON ONE TAPE,MUST·BE IN THE FOLLOWING ORDER 

le MBP AREA DATA -- RECORD SIZ~ 124 
2. PE DATA -- RECORD SIZE 31 



C 3. MAT AREA DATA -- RECORD SIZE 124 
C <NOTE •• AIR TEMPERATURE CAN BE LOADED ON TO TAPE USING 
C 0/H STANDARD FORMAT CARDS WITH PROGRAM NWSRFS2. <SEE NWSRFS 
C TECH. MEMO APPENDIX E > NOTE THAT AIR TEMPERATURE MUST BE 
C PUNCHED WITH FIELD LENGTH .EQ.3 ON 0/H STD. FMTe CARDS. 
C 4. OBSERVED AREAL WATER EQUIVALENT -- RECORD SIZE 31 
C <NOTEeoOBSERVED WATER EQUIVALENT DATA.CAN BE LOADED ON TO TAPE 
C BY PROGRAM NWSRFS2' BY TREATING IT AS IF IT WAS MEAN DAILY FLOWe) 
C 5. MEAN DAILY FLOW DATA -- RECORD SIZE 31 
C 6. SIX HOUR DISCHARGE DATA -- RECORD SIZE 124 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
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0.2 SAMPLE INPUT FOR VERIFICATION PROGRAM WITH SNOW 

NORTHERN NEW ENGLAND-SNOW BASIN--TEMPERATURE INDEX MODEL--FINAL TRIAL,ERROR RUN 
PASSUMPS·IC RIVE~ AT PASSUMPSIC,VERMONT TWO SUI-AREAS 

2 1 1 0 
3 1 1 0 0 

10 63 9 71 
2 3 

NORTHERN NEW ENGLAND PE ESTIMATE .166 92 
1 
1 1 
1 
0 
1 
0 
0 0 0 0 1 0 1 1 0 1 1 0 0 3 1 
1 1 1 
4 70 5 70 4 71 5 71 

PASSUMPSIC RIVER-L leO .05 .20 .25 5.0 .-30 3.0 -.90 o.o VOL PARM 
PASSUMPSIC RIVER-L .30 leO leO o.o .25 ET PARM 
PASSUMPSIC RIVER-L .9 .10 .004 o55 .99 TIME PARM 
PASSUMPSIC RIVER-L o.o s.s 1e1 .12 o.o o.o .10 INITIAL 
PASSUMPSIC RIVER-H 1.0. .os .20 .25 s.o .30 3.0 .90 o.o VOL PARM 
PASSUMPSIC RIVER.-H e30 leO leO o.o .25 ET PARM 
PASSUMPSIC RIVER-H .9 .10 .004 .ss .99 TIME PARM 
PASSUMPSIC RIVER-H o.o 5.5 lel el2 o.o o.o .10 INITIAL 

1 1 0 0 
2 0 
3 0 

PASSUMPSIC Re MAT-L 1060. -1.5 -2.7 -3.9 -2.7 
PASSUMPSIC R. MAT-H 1740. -1.5 -2 .• 7 -3.9 -2.7 

2 3 
1 2 

PASSUMPSIC RIVER-L 1()'60. .so 1.17 .022 .oos .003 .054 4.5 .01 
PASSUMPSIC RIVER-L 32. o.o o.o o.o o.o 
PASSUMPSIC RIVER-L o.o o.o o.o 
PASSUMPSIC RIVER-L 32. 33. .03 .s 
AREAL DEPLETION LOW .24 .39 .52 .64 .7,5 .82 .88 .92 .96 
PASSUMPSIC RIVER-H 1740·. .90 lel3 .022 .oos .003 .054 6.0 .o1 
PASSUMPSIC RIVER-H 32. o.o o.o o.o o.o 
PASSUMPSIC RIVER-H o.o o.o o.o 
PASSUMPSIC RIVER-H 32. 33. .OJ .s 
AREAL DEPLETION HIGH .24 .39 .52 .64 .75 .82 .88 .92 .96 
PASSUMPSIC R. AT PASSUMPSIC 436. 9e0 0 0 6. 3 0 0 0 
PASSUMPSIC R. AT PASSUMPSIC 1 10000. 1000. 01135500 
TIME-DELAi,PASSUMPSIC .10 .40 .so 
GAGE-AREA ,PASSUMPSIC 1 1 2 

0 0 0 0 SKIID TAPE RECDS 
1 1 1 1 1 0 0 0 0 0 0 1 WATER YEAR 64 
1 1 1 1 1 0 0 0 0 1 1 1 WATER YEAR 65 
1 1 1 1 1 0 0 0 0 0 1 1 WATER YEAR 66 
1 1 1 1 1 0 0 0 0 0 1 1 WATER YEAR 67 
1 1 1 1 1 . 0 0 0 0 0 1 1 WATER YEAR 68 
1 1 1 1 1 0 0 0 0 0 1 1 WATER YEAR 69 
1 1 1 1 1 0 0 0 0 1 1 1 WATER YEAR 70 
1 1 1 1 1 0 0 0 0 0 1 1 WATER YEAR 71 
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De3 EXAMPLES OF OUTPUT FROM VERIFICATION PROGRAM WITH SNOW 
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PASSUMPSIC RIVER AT PASSUMPSIC,VERMONT TWO SUB-AREAS 

NORTHERN NEW ENGLAND SNOW BASIN--TEMPERATURE INDEX MODEL--FINAL TRIAL,ERROR RU~ 

BASIC RUN INFORMATION 

RUN BEGINS OCT 1963 RUN £NOS SEPT 1971 

~ NUMBER OF PRfCIPITATION GA~ES= 2 NUMBER OF FLOW- 0 0INTS= 1 NUMBER OF POTENTIAL ET STATIONS= 1 
----------··-------EVAf?O.t<A.T-I.O-N---P-A.RA.t1ETERS- A-Rf---- NORTH-ERN .N.EW ... ENGLANO. Pt: -ESTIMATE- NEP:16b NOUR= 92 

------·--·----·-- ----- ··----·--···--- --S-NOW.. --l.S. I.NCLUDED ... 



-·-------f!-A-S-S-.l:J.MP_g._IC---RIV fR-- A-T.- PASSUMPSIC ~-VERMONT ____ ,._.,. TWO SUB-AREAS 

-UO:R.T.f:l-g~.N--NE -W ... ~ GL A.NI}- .. SN-0-W-----BA SIN,..,. -,.f.E M PERATURE: . INO EX-.MO DEl,,.,.,. FI-NA-L TRIAL ~ERR OR .. RUN-. --

---. .. ---------·-----·-·---.SOIL----MO-I,5-l'URE V Ob-U.ME --PARAM-~1"-ERS- --

---RG-----P-~-C-L-f!-.---~-NAM-€--------K-1--- ----A--------E P--XM ---- -- U ZSN -- - Ll-SN ----- -- G-8--- POWE-R -- - --CC--- ----K2-4-l.-- -- KJ.- GAGEPE EHI H ELOW K24EL 

i PASSUMPSIC RTVE~-L 1.000 • 05.] .200 • 25 J 5.000 .300 3. 0 0 J .goo 0. 0 C G .300 1. 0 0 0 1. 0 0 J • a o a • 25 0 

--.. ·--2--~..2AS-S-U-MP-.SI C...--R IV [.g ..... l::l..--·--"~··-G-Oll- -· ·-• ~-5-!J.... - • 2 0 U- ---.-25(} •. 5. 0-llO- -...... 30-C ----3 ... 0~-.0 .• 9-U Q.. .. 0 • l) 0 0 . . () .3.00 1.anu 1.0 il J.ooo .250 

-50Il--MOTSTtJRE- TI-MING-PARAMETE-RS 

---RG----------SRGi----li-RC-9 .. l-K-K&- ----- -l<V ---- KGS 
1 .goo .100 .oo4o .550 .ggoc 

-·····--2--- . .. ·-9 {l~- -- ... 1 ~-----" .0 .0 4.{) . . • 55 0. ...... g 9 0 0-

SOIL MOISTURE INITIAL VALUES 

RG uzs LZS SGW GWS RES SRGX SCEP 
1-- .. -·-- -D-.00- . ? .. 5-0--- 1.-1.0 --·-12·-- c.oo o.oo .10 
2 0. 0 c 5.50 1.1C • 12 g. 0 0 J.OO .1(' 
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t::J 
I 

1-' 
-I=" 

l<b 

1 
fA &Ab~ 

PASSUMPSIC R. MAT-l 

-----------snow---pA~t\""'1tTERS~--cASE=l- --

TNPUT~-Al;ES -JSED _______ -- -- --

--- WF-"GA"GE ______________ --·--···- -

---------- ----·-----·------ ------------Z ~A~~UM~~l~ Ke MAI-H 

~r:-- ELEv-;-----------p£RTOD----rK-r.!WS::--RATES ______________ _ 
PASSUMPSIC R. HAT-L 1060. -1.5 -2.7 -3.9 -2.7 
PASSUMPSIC R .. MAl-A 1740. -1~-;;:-z;~---=-r~--g---=z;;t--·-------------··-·-·--------

ARE A S N ow--p-AR"A"METE~-s------------- ----

RG ELEII EF C SCF HFMAX MF MTN------""N"MF-----mmr----- .. ST - ··nAYGii -- MBA.SE - "PXTEMP 
1 1060. .50 1.17 .0220 .0050 .0030 .05~0 4.50 .010 32.0 33.0 
2 1 740. • Y u 1 .t3 • 02~-u--o:m • o u 3 o .--u-s-r.u-·---6·;;-uo··--·----;ot·o--- ---Jz ~-n- ----- ·33. o 

J.NTTAL----s-Nuw--vlttm:--s---------------------- --

~- Nt.bHY--l:lQ-w----s-TORAtt-----sg-----s-aAE""SC -- ---saWS TINDEX 
1 o.oo o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo 32. 
2 o. o o o. o o o o. o on o. u o o o. o nu---u-;-rrou-·--------u-;;--rrmr··------3-z-;.----·---- · ----------------------------------- -

AXt.AL Ut.PLEl IUN~- FOR AREA 1 --------------------

PLWHC TIPM 
.030 .500 
;; o 3o···- ·-- ~son 

WE/AI ·o.o .1 .2 .3 .4 .5 .b .7 .8 .9 1.0 
--------A~E"'"'s .... c-----...... o""s • 2 tt .""39 • s-z --··-;n-------.----rs --- ;.·-az ---- -- ~--a-a ;,92 ·;g6 ·t;.no 

AREAL OEPCETIUllr"I;URVE"_r_UK -AREA-- ·z 

WE/AI 0.0 .1 .2 .3 .4 .5 .o • 7 • 8 .9 1 .. 0 
------,---------JA1-1c-<=---~s-rc~-----. tt?---;-C4"·---.-3'9----.~-----.-o'4----------.----r-? --- · -.-al ·;;81} ·;-92 c;96 t.nn 



------------·----------------- - --- .PA-S-S-IJM.PS-1G--··Q-I-Vf:-R --AT PA SSUMPS I.C~ \IE RM ONf- TWO SUB-AREAS 

-~T-H&R N..---N E-.W---E N-GL.AN-Q ... -S.N 0 W -B-A-S.-HJ-""-"'"-l-EM.PE:.R.A.TU Rt: I N O.E-X ... NO DEL ,.. ..,._fIN A l T R I A l 9 ERR 0 R RUN . 

-- - ·- ---- ... - .s;-.lQW -.POI-NT P.ARAMET:ERS. --· - --·--·--·-- -

---$$1------------f"-U}.W-..-...P--O--I-N-T-~-M-F-----------.A R-~------1< S-1--0B.SE ~ -C-0-M.P A R C-H E. G-K SIX-IN -HI-STOGRAMS. 
1 PASSUMPSIC R. AT PASSUMPSIC 436.00 g.OO 0 1 1 0 TIME-DELAY .10u .400 .500 

-GAGf-AREA 1 1 2 

-.-.~ ... _ ... __ 8 .~ ..... ~----······· .. -'··· ·--.. ...... 

~ 
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-.St.I-GW--S~--FG-R--£-l-A-l-!-GN---+-------4-1-l-.fJ---·------

D ll Y S~l 0 W F-A-L-1.----·---· --·---..R.A-:ul--- --l:IEU.,E-X-Q.. .. _____ --CO. V £ R. . !?-A CK WE ..... ---L I QU.I 0- NE G ""·HE A.!-.... ! 0 TAl.. WAT £R . . .0 BS 
1 o.ono o~oao .11e 1.ao 6.46 • .194 .oos 6.7o 

--~· 2:--- -~...4-2+------1-4-0----·------ ..-1}..3..Q.- --·-·----1-.. ~0-- ----- ..... ..a .. ~- -· .-2-G-5------~ ... ~ a-a -7- • .Zt> -
, 3 o244 DoODO -e004 1o00 7.05 o211 o014. 7.2~ 

-~ ~: ~~~ ~: ~~~ -0 ~ ~~ ---~::-·-····---·i:~~-- -----:·~~~------·· ---·~~t -- ------~=~~- .. ------------
--~6~ ~t----.. --:Q. ...... ~.O.-------.-.tlJ~.,l.......... ....... ~ ..... t ... J-Q. ......... - ....• - •. Q..-9.6 ·····-·--·· -·· •. 2-ill---- -------··+ll 0 s ............... l ... ,1a.. """ 

1 o.ooo .021 .176 1.oo 6.78 .203 .oo4 7.oo 
-----3------- ._g.._.g.g.g.. _____ ___g._g..g..o-.----...-5--3.Q..-------- ... h-O-il-- .. -- --6 ... tq. .. ____ . . .. 13--G -. o • o a a.. &-. 4 9.-

~ o.ooo .020 .836 1.00 5.34 .160 o.ooo 5.61 
---1-0-------0-•. 0.~-0----------•-0-U-1-----·-----·•-1-94-----·--- 1-.-llO--- -- ... 5. 13- .... . - ..• 154 -- ----- .0:0-7 5. 31 

11 o.ooo o.ooo : -.004 1.~0 5.12 .154 .011 5.28 
---:1:1:-12~ ---...o_..g.ij.Q..... ........ -----.-.Q.O-G---------------..:-2-S-~----·-·-···--·!-... iJ.O ..... ··---- .. 4 .. -3.7--- ------ . o-1-4-6....... .O...O.OU.. 5 .. 04 

13 0 • 0 1l 0 0 • 0 0 0 •. 3 3 5 1. 0 0 4 • ? 2 • 1 3 6 • 0 u 5 4 • 6 7 
_:_---1-4------0. 0.0-tJ-... _______ --~-• .(}~.ij.______ --6-0D---- --- .. 99-- ------ 3..-9-1 .117 ... ---·- 0. 00 0. ---- .... 4 ... 0~ 

15 o.ooo o.ooo .488 .92 3,42 .102 o.ooo 3.55 
-----i-0--- -----n .. o.oa- ------n.:..g..g..g.. _______ - .-1-6-9--. --- -- .• 3--~-;.. 2. 94- ·-- • tl7- 9 .. o. o.o a - -2 .a 2--

17 o.ooo .234 .831 .68 1.80 .054 o.ooo 1.96 
---1-3------4..-~Q..U--. -·---....4J-2--8.-----·-·-..-·l-4--3----··--·---------·--o ~~--·- --1~4 . --·-·-·--· ... .0-46 ........ -• 0 D D-· . · ... 1-~.5-9 - -

19 o.ooo o.ooo .106 .55 1.42 I .C43 .006 1.46 
---U----- • .Q-1-4--·---------..-1JJ.~-------- .. .o.o.t----- .... 54--- .... -1.37- ----- .041 -- o.aaa ., 1.45 -

21 o.ooo .207 .200 .49 1.16 .035 o.ooo. 1.2? 
---ZZ-------O-.• tlO-O-----·-··-O...-.O!l0---·-···----·-···•-2-G-O---. --------- .40 • 8-9-..:__ _______ .• t!27 --- 0-.• 000- -- .91 

23 .010 o.ooo .198 .34 .69 .021 o.ooa .71 
---24--- .. -O .. .o..o.a..--.----1-...1-U-----·.:_ _____ z.o..o- .... ,. .................. .zo---·- _____ .• 4a... -- .... 014---- o.oo~ -- .49--

25 o.oao o.ooo .110 .19 .Jo .oo9 o.ooo .31 

~ 
------U>---------o ..... ou ....... _. ______ ,..o!l-2-------·--- ..... 1ao. -----------·11-- ------- .Hl-- .o.oJ ...... o.oo·o.. ..11 

·-· ---··------·~--- .. ··-~·~· ---·-.. ~---~-·-···--.-- -~-·-J·-- ···--·~·-· 

WATER EQUIII 
I 
I--. 
I 

--I
I 

. -I-
I 
I 
I 
I 
I 
I 
I 
r· 
.I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



--5-!*-HOOR--5-9-H:--MB-f-S-f-U*-mH-P I:H--R>R··· -'+-1-7--G-----P A .SSUMP 5-I-C ~IV E R-l · · - HKJ<..e;;.L~-(.4-.-!J +-K-11-~~-- ---- GW-I-N=INFL 0 W. .f 0 GROUNO.w.Al--&R--S-W-RA-G&-
IDA IP6 SCEP UZS LZS SGW RES SRGX ELKK6 INFIL GWIN IMPV-RO SUR-RO INTERFW GW-FLOW TOTAL-RO PRECIP 

--4---4---.·2-G-1l--···-·--·----y-Jj-37-- -1-..-7-7-0---!-.4-7-4---· J..-IJ-O~.Q-- ·--.--G4-i-a------..-M6J.-· --·-""T"G-~----~iJ--IJ40---- .1J.OO 6 • ODGO • 00il1 • OJ 90 • 0093 • 005----·-
1 Z .197 .537 7.776 1.468 O.OOOJ .0009 .0060 .0036 .0030 .OG02 .0000 .0001 .OJ87 .0090 .004 

--------!-- ·---6- -----.1~3--- ---. 5-3€7--- ---7.- 77--~ - ··· 1o 4-68 -{l • G OtHl • iJ-0 0 9 • 0 06-il · • 0 10-7- --- .-iJ-J.-9-1---- • 0 G 0-7- .. - • 0 0 0-0 -- • 0 0 J-1- • 0 J 86 • 0 0 94 • 01-l-
1 4 .200 .538 7.788 1.51Z 0.0000 .aOZ8 .0061 .a6Z4 .0531 .aG39 .OG11 .Ou03 .0093 .0146 .078 

--------2---1--- -.-2-Q-11------.--5-38----- -7.7-9il --1-.-5-1-5-- 0.1)0-IJO .0026 .0061 .014-S .0124 .0008 .0001 .0003 .0094 .0105 .016 
z z .199 .538 7.791 1.511 o.oooo .OOZ3 .0061 .oa65 .0055 .0003 .ooao .0002 .0093 .0099 .007 

-----~--...l--~9----.-9-4-3----7-..--8-1-4- --!-.-~-3- -~.G-lJGO·- .Q-16{} .. ..,O-U-64--- .• -1430- .• -12-21:--- .-0.093 .Ou-8-!J .0017 .0103 .OZ93 .1-8-0.. 
2 4 .zoo .588 7.85Z 1.796 o.oooo .0840 .ao68 .Z166 .1853 .0196 .0397 .aG89 .o12z .a8a4 .393 

------3----i---..-2.t.l-G--------y-5-%- ---7-.. -a+it---- 4-.·914 o.oooo--- ~o975 .•. oHo- .1-537 .1318 .. oto4- .0124 .o1oJ .o135 .a467 .zag 
3 Z .198 .596 7.879 1.916 a.OOOO .0879 .C070 .017Z .0148 .OOC9 .0001 .0093 .013~ .OZ37 .019 

----~--3------ ....-1-9-5------· 5-94-- ---7.-aan-- ---1.-909- o .-Moo .~ 791 • o o7 a • o oaz • If a? o. ..a a o 4 • o ooa • o a 84 • a 132 • a22 o • ooa 
3 4 .200 .594 7.880 1.897 O.OOaO .0712 .Oa70 .0015 .OQ13 .0003 .QOOG .0075 .0133 .021Z .006 

---4----1-----. 24G---..-9--94-------1.......3-8-1----4-..3-3+---0-..-~-GM --- -.0-941- --- .--G0--74l--- .. ~0-4-1- ..... QGJ-5----· .-0~0-2 • 3-00.Q... • 0 068 • 0132 • 0 Z02 .004 
. 4 Z .196 .594 7.861 1.876 a.aaoo .0577 .0069 .0024 .aaz1 .ooa1 .OGOC .0061 .0129 .0191 .OD3 

-----4--------3--- ---.-1-9!-- -...-9-!34-------7-..-3a-1--- --1,.--8-6-9--- 0. OQ Oil- · • 0 5-1-g.... • Ou69 • 0 0--25---- • O.Q2 Z • 0 00 2 u. J OGO- • 0055 • 0125 • 018 2 • 004 
4 4 .zoo .591 7.88Z 1.855 o.oooo .0467 .0069 .ooza .0017 .0006 .oaoo .0049 .01Z9 .0184 .a11 

---~-------1--- ----.--ZllO---- ----, 591-- ·· 7--.33-2- .. -1-.846--- -a .0-00 G- · -· 0421 . - • 0 069- - • 0049 • OD43 ·· • OtH13 • OGOO • Oil44 .lJ 128 • 0175 • ao 5 
5 z .196 .591 7.883 1.837 o.oooo .o379 .ao68 .oo37 .oo3z .oooz .aooa .OJ4G .o12s .a167 .ao4 

--+---~-.....4-94---- .. -9--33---~3~- --1~2-e----4J. ... ~0--1til--- --· g..J-41- ----.tl-06-8-----. 0024------.-0JZ-1-- - .-OOili-- -0 • O%il .Jll36 .0121. • 015 9 • 003 ·· 
5 4 .194 .588 7.883 1.814 o.aooo .0307 .0068 o.oooo o.oaaa .0001 o.oooo .0032 .0124 .0158 .o63 

---~----·---1-----.-1--9-e-----.-9-8-3------7-.---8-8--3-- A-.-8G-1--- ~.-ll.&M - .. ~276-- -....... .(){;68- - .0. 00-lJ.~- --0 .Jl--000 - .. lJ..ij.jU. .. - 0. OWU-- • 0029 • 0123 • 0153 • 003 
6 z .195 .588 7.883 1.789 a.oooo .oz48 .oo67 o.oaao o.oooo .ooo1 o.oooo .ooz6 .o119 .a147 .aa3 

-----&----3-----..-1~ -- ---..S-8--9------7..-834----1-· 78-1- -tl-· o~ll G- .. - ..4i-Z24---------0-.Qo-7 - • 004-0- ..• o.ns -----· ou.U-3 .. • a ono • o 024 • o 116 • o 143 • 001 
6 4 .zoo .586 7.888 1.793 o.aooo .0206 .0067 .OZ90 .0249 .a02Q .aoo3 .aozz .01Z2 .0166 .039 
7 1 ... ,2gg -~+~.J.----1-.4--'U----O.-M~------·J.l-1-8-6---·041-&+-- ----.-0-1C3--------•-l)..ll..g..'3-......... ..o..Gn.G.-- .... aaO.O----- .oo.zo .... o1z1 ... ll14-7 .oa 
7 z .196 .586 7.891 1.785 a.oooa .0168 .oo67 .oo77 .oa66 .aoa4 .oooo .oo18 .o119 .0141 .ao8 

~ 
----1-------3---- .-1-9-3--------S-34-----h.-8-!U----1-.-8-1-2- .. o o-0-il--0-ll- ---- • 0.163 • 006-8-- • 0450- ....... Q.3J1-2 .. ·-- •. ooz&.. • 0 00 7 . • 0 017 • 0 1ZO - • 016 9 • 052 

1 4 .zoo .587 7.91Z 1.881 o.oooo .0214 .oo69 .0958 .0825 .ou61 .oo3s .ao23 .a131 .oz53 .1z3 
.. -----S-------1-----.. -Zlt.-O------ ... .5.8-.1----t: ... CJ.1.5--- --1-... .a-u ..... Jl •. ao oo. ........ 0--1.94 ____ .. o o&9-- --. 0176--- • o 152--- ... ooo.g • 0001 • oozo • a 13Z • o 163 • 019 

8 z .196 .587 7.918 1.89Z a.oooo .a178 .0070 .0251 .0217 .0014 .0002 .0019 .0131 .0165 .027 
---~--1-9-Z-----...S.S5-----l..-.94-4---- ..2.U.1-9---0..-0-U-Il-..0----·-0.4.3L .......... noz.z ....... .1..646 .1421.. .... -.0..116..---•.0.iSL. -~0045. • 0143 .0455 ........ 232. 

8 4 .zoo .604 7.968 z.141 o.aoaa .0656 .0075 .1595 .1379 .0116 .0149 .0069 .016Z .0496 .Z3Z 
_______ .....JJ-_ -----1-- ........ z.o..a..~-----.....O.U.S---l .... s.a.1 ....... --Z .. 19L.. .. a ... ono.a. ............. u.o.~+.s. • o o-1:6 .. a 846. .o 733 • co5u • o o3a • o G68 • a 169 • o 318 .100 

9 z .194 .608 7.996 z.z6B o.ooaa .0668 .OG78 .1oz6 .0889 .0063 .ao4a .0011 .a175 .o357 .126 
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10 z .195 .636 8.063 2.594 a.aooo .151Z .oo85 .a196 .0111 .oo11 .ooa1 .a16a .0221 .0393 .oz1 

------1.11-.. ---.3.. .. -----·..1.91----- .• 63.3----8..073 .... 2 •. 6.35 ... .o.aao.o .... 1.39<3. .oo.~6 .0126 .u.63.L. ..• oC42 .• 0021 .0148 .0224 .a435 .oa.It. 
10 4 .zoo .634 8.085 2.684 o.ooao .13ZO .0087 .0839 .0733 .0055 .0033 .0139 .a237 .0464 ·109 

----1-1------1--------.. .2-0-ll----------·.6.34-.. _ ..... .a ... 0-8..7-----2·673 o.oa..oo .. 1189 ... ooa.7 ... 013.z .0.120 .aau ...... ooo1---- .o126 .0235 .0369 .o15 
11 z .194 .634 8.088 2.655 o.oaao .1011 .oo87 .oo62 .oa54 .aao3 .oooo .a113 .o229 .0346 .oo7 
11 3 o-1-8-5----..£>-.3.0 ........ $. !1.8--S- ___ 2 •. 635- .. .0. OU1l!l ........ 0..$.6.3. -· •. 0086.. ....... 003.9 .-.O.il.3.<... .. ...OiUl2 .. a .ll.OOO .D 1il2 • 0 223 • 0 327 • 005 
11 4 .188 .630 8.088 2.613 o.ooao .a867 .oo86 c.oaoo o.oooo .oao1 o.ooao .OG9Z .a227 .o3zu .ao3 
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12 z, .194 .63a 8.088 2.568 o.oaoo .o7oz .oo85 o.oooo o.oooo .coos a.aooo .oo74 .0211 • .o296 .010 
12 3 -----..-U+-----------6-21- ·-----B-..... a-~9-_: .... 2 .. &1-1---- ..0. O.UO!l.- -----0 &34 ---·-• 008.6 ...... ll$1.7---- --...0.714- - •. 004'l- -- • 0 028 .• OD7 2 • 0 221 • 0 37 0 • 099. 
12 4 .zoo .6Z9 8.11Z 2.675 o.aooo .a694 .0088 .0935 .a817 .Oa63 .004Z ~G73 .a236 .a415 .127 

---!.J..-~u-·-.. -itl.~----.-.62-~~-,--i.....i~----~-·--6-.0~, ..... o.o..ooo-··· .a oZ.l-.--- ._ .C~a.l-- ...... 0-1.1-3-. ..0 . .156-....•. cu.1.v ....... o 001--. • 0066 - ·• 0235 • 0312- .• 01.9--
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----4lt-----1----·---~o..a....--.... ..G:3-1---8-... .1.S.3. •• - .. 2-.-8-11----a .. o.o.ou.. ......... ...a&.l-4..... .0.~9-1------ • ..o1n4- -- • 00--91---------·.oooG- _ • oooo.. .o 011 • o 258 • o 335 , • 011. 
14 Z .195 .631 8.15B Z.819 0.0000 .0618 .0091 .0386 .0339 .OOZ1 .OOa6 .Oa65 .0256 .0349 o043 
1'• a. .,ua .G4.o. a.uo.,= .. -2-.s~.,, .... n....llJl-n-a- .....• 12-5-6--.. .JJ.0-9-J.t--------1-SZ1......-i.G.93.-.... .-01.69.- .0-37.1 .... 0133 .o27o .0948 .338. 
14 4 .zan .643 8.205 3.048 o.aooo .1341 .oa96 .1337 .1177 .oo96 .a111 .a14Z .oz97 .0645. .19z 
15 1 ----• zoo ... G.Jt..3.--B....2.1-0 ... -:40S4... .. .o .. o.o.n.u..--.... 1.2.1.9----·•·oosz.... ........ .o.~+.o.z ............. o.35.4.--- .0022 .ooo7 .. .012.9 • OZ98 .0456 • 045 
15 2 ~191 .644 8.215 3.062 o.oaoo .1112 .oa97 .a4Z5 .0375 .oo24 .ooo8 .a111 .0295 .o~44 .o48 
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16 2 .192 .649 8.267 3.Z72 o.oooa .1252 .0102 • f} 746 • 0660 • o·c4·4 .oa27 .oi3z • 0333 .0536 .oas 
--~io---~-- ---~U--l----- ..&5-+----~g.gG----. -3.-40o. .... o •. .o.a.o.J. ......• zo37 .• c 1.05 .1926. o17C6 .0192 .0497 .022il .0352 .1261 .384 

16 4 • 2 0 0 .661 8.316 3.500 o.oooo .2203 .011)7 .1491 .1322 • 0117 • 016 7 .0233 • 0 3 80 .0897 .234 
---1+-----1----.-Z-0-0--- ···~·-----3 ... ~-----.3 ... 54-1---· .o .... o 0.0-4) .. .. .21}-85---· .0109 .0968- .• C86u .OC60 .0052 .0220 • 0 389 .0722 .121 

17 2 .186 .666 8.348 3.643 o.oooo .2245 • 0111 .1533 .1363 • 0114 • 0189 .0237 .0402 .0942 • 229 
---1.1.---3-- ... 1Z2------+6.71--. .....a .. .:US.--- 3. .. :7.6.1. -- 0 .llll.O..Jl.__ . -. 2-.978 --···· ... ll114 .... .1.8.8.JL. .167.4 .1}190 . .• 048.7 .• 0314 • 0419 .1410 .379 
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19 4 .zoo .670 B. 44 7 · 3.1364 o. o a o a .1696 .!)118 • 0 258 • 0231 .GG27 • 0 OG3 .0179 • 0462 .0672 .054 
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. ---~---i-·····--•·20-0.-·---~-····----4 ... -5.:1,.0-.. -3.q33-- {1. 0000..-· -.·!-154 ......... C122 .. •. o 550 ... . • 0.4.95 ...• 0032 • 0015 • D 122 • 0 485 .0654 .063 

22 z • 194 .667 8.516 3.939 o.ooo::J .1077 .0122 .0611 • 0549 .0036 • Q 019 0 0114 • 0485 .0653 • 071 
--· ...Z2 -- -3·-·- .18-8-- ---· --6-f.-5--.... 8 .... 53-0-··· 3. 999 · 0. 0 iHl 0--- .1167 .0124 .1233. .1109 • il G8 3 • a 097 • a 123 .G495 .0798 .166 

22 4 • 20 0 • 665 8 .. 532 3o967 o.oooo .1 053 .0123 .0188 .0169 .0016 • Q 00 2 • 0111 • 0496 .06Z5 .033 
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27 2 .167 .&87 8.635 3.899 O.OIJOO .1413 .012.7 • 0 342 .0310 .0025 • 0 006 .0149 .0484 .0664 .050 
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----...2.8--------··3 ........• 042-.. .... 6.77-.--·· 8..6.3-7- ·--3.682 ..o. • .oooo .0835 .0123. .coso .0045 o.oooa a.oooo .0088 .0427 .0515 o.ooo 
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29 2 .015 .6.77 8.637 3.550 o.oooo • 0 609 .01ZO o.oooo o.oaoo o.ooou a.ooco .0064 • 0419 .0483 o.ooo 
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30 2 o.ooa .59Z 8.637 3.387 o.oooo .0400 .0117 o.oooo o.oooo o.oooJ o.oooo .0042 • 0 381 .0424 o.ooo 
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---4---4--- .192 52'• 1. 9ll-1-----.-.9U--~~-----~-2-- ~~ns.o-..c.-4l.-CMO.------~·--Il-ll{Ul--- .ll-001--- a ... ooao ....... ooao -·-• o.o~U.. .nn~t-9... . .an3 
1 2 .189 .524 7.901 .935 o.oooo .0002 .coso o.oooo o.oooo .0001 o.oooo .oooo .0044 .0045 .003 

---4--~----.-181 92'• 1-..-9.0-1 931 -~"-G--~-O-G-~--.4145~-----.0.~-----..0.-D-0-0------ .• 00-0--Z- -G.-Il-ll00------•000-0--- .ll04ll .004-3 ---·----•~04---
1 4 .192 .524 7.901 .926 o.oooo .ooo1 .oo5o o.oooo o.!oooo .ooos o.oooo .oooo .oo46 .o051 .010 
2 1 197 52'• 7 901 922 ~-ll-----~~1-~---•-lHl4-9----~{I.MO---O-.IHl-G-\l-----·-4140-l-- 0.0--0M---- .0000 .OJ46- .0048 .005 
2. 2 .. .199 .524 7.901 .917 o.oooo .0001 .0049 .coos .0004 .0002 .oooo .oooo .0045 .• 0047 .004 
a 3 _.197 ~z~~--94.$.---0-.j}.ij~g ... _-G ... ~.---------··-O-G-4-9 ..••.. ._~,t-9----~-1+---... -.D.O.o.i- - .... .oooQ ........... oo·a·o ... .ou-44.. • 0045 ... -- .o.tl.3.. 
2 4 .ioo .523 7.904 .926 o.oooo .ooo2 .ooso .o189 .0163 .0011 .ooo1 .oooa .oo46 .oo59' .o23 
3 1 2~ 931 7.~-G-·--·1-.·lH-4---G-.--G-OO-G------.-.IJ-.0.-0-.9---~.0--0-s2----.. -1-G-7-&---·-·-Q9~-7-----·-D-0-6&.-- .• oo3~- .oa.or-. .oa.sz .0164 .133 
3 2 .196 .531, 7.924 1.029 o.oooo .oo6s .oo52 .o242 .o2o9 .oo13 .ooo2 .aoo7 .oo52 .oo73 .026 

~-----~-----...S.3-1l--~-S.----4-.-ll-~----O-• .aO-O-il------.-O.o.s.q ...... o..as.2----------..... 0.-Il&8----------·ons..(:J .......... o.ou.s--- .o.ooo .o·&a&- .oo5o .oo61- .010 
3 ·~ .197 .530 7.925 1.a2s o.oooo .oo53 .oos2 o.oooo o.oooo .ooo3 o.oaoo .ooo6 .oo53 .0061 .oos 

-----""-~~----5.J-G--.---7...~--1-.0.-•W-----O-...Q..()~.--... - •. o.o.4.1-----·.njj_S.z.: .... - .. ...o.oo.a.. ........ o.oo..z.. ........ o~---- .o.ooo ....... ooo5 ....• oos.3 .oo&.o ........... nru. ... . 
4 2 .192 .530 7.925 1.011 o.oooo .o043 .oo52 .oa24 .oo21 .ooo1 .oooa .ooo5 .0049 .ooss .ooJ 

~--3----..4-7..g._--.-5--2-9---7-.-9-2--S----1-...U-1~-----.0 .... n.G.a..o-------•D-0-38------ .-00.-S-!---· --.. .Oa-08-- . .,.(HW7----- .OOil--1- 0 • 0000 • OOJ4 • 0 044 • 005 0 • 00.3-
4 4 .• 181 .529 7.925 1.0.07 o.oooo .0035 .0051 o.oooo o.oooo .0001 o.oooo .0004 .0052 .0057 .003 

---S------1 164---....... -S-~-7 .. _q.z-s.-...... ---1 .. .a.'0.-2-·--··- .o •. O-il4HI-----·· .1}-~------.-U-.051-.-0.lHl Oil -- o .. ao.o a. --- -.lW0-1-- o. o oao • ooa3 • o o 52 • o 056 ... - .a 03-
5 2 .180 .529 7.925 .997 o.oooa .0028 .0051 o.oooo o.oooo .0001 o.oooo .0003 .0048 .0052 .003 

-----9- 3 1011 52-9--+--~·------~~-~-ll--~-.... ..Q4£-.S------···.O.a.s-1----··-··-afW-3-....... oa.o.o ....... --oo.o:l.. a.a.ll-Da .ooo3 • Ou4_4 .0048. . .oo3-
5 4 .171 .529 7.926 .987 o.oooo .0023 .0051 o.oooo o.oooo ~0001 o.oooo .0002 .0051 .0054 .003 

----0---1-----~----s..24---7......gz-O------ .9-3-2-- o. ... IJ--0--0-0----.MZU.-- -- • .o0-!;1- .. o.e-o ooa. o. o.ooa... ..Q.OO 1 o. oooo • ooo2 • o o so • oo54 .ao3 
6 2 .169 .529 7.926 .977 o.oooo .oo18 .oo51 o·.oooo o.oooo .ooo1 o.oooo .ooo2 .oo46 .ooso .oo3 

------0----3---... -1-5-6------S-2-8------·-1-...~-------·-!}l3---- o.aoao ...... 0-0--1--l---------·Go-5.1-----·000.l-- .ooo6 .0001 o.oooo .ouJ2 .00'+2 .0045 .oo3 
6 4 .160 .528 7.926 .968 o.oooo .0015 .0051 o.oooo o.oooo .0001 o.oooo .0002 .0049 .0052 .003 

~--4.---~3--...... .su ... -:1. ... 9Zo---··---··!a&-3..~ .. -~ .. oaoo. ......... o tH-L-------·-O-o.50.-----0'. o.o.oll.. .. --D • .oao.o. ..ooot o. o ooo .oo01 • oo 49 • 0051 • oo.-s. 

~ 
7 2 o159 o526 7.926 o958 0.0000 o0012 o0050 CoOOOO OoOOOO o00i1 0.0000 o0001 oOD45 o0048 o003 

----1- ------3-- ---- ... t.S.&---- -·S.Z-7.: ... -..4- •. 9-26 -------• (}5.4--- .o. .. aao o _ •. on -11--. oo.s.o ...• a.o.o 1 • oo o 6 . -- • o o 05 o .• o 30 o • o o 01 • o o 42 • o 04 8 • 010 
1 4 .200 .527 7.929 .967 o.oooo .0012 .ooso .o2o3 .0176 .oo33 .ooo1 ~ooo1 .OG49 .0084 .066 

---3-----1-----·2-0-0--.......... sv ..... -7 ..... 931---------ca.u~- .o.oo.M--- .• n.o.u ...... o.o.5.1 ... o167 • .0144--- .• .aoo9 .• ooo1 .• ooo1 .oo5o .oo&1 .018 
8 2 .193 .527 7.933 .983 o.oooo .0011 .0051 .0141 .0122 .0008 .oooo .0001 .0047 .0056 .015 

----4-----3.-----o-1-8.5.---53..1----.1 . ...9Jt.]'_ ... 1 .. -tls.&-- ... Q .. Q.O..()..Q. ... ...00.56.---o-0-0.5.2 ........ o 0 9ll8.... o-0 7 84 . • 0057 • 0 026 o 0 0 06 • 0 0 48 • 0137 .115 
8 4 .200 .546 7.968 1.176 0.0000 .0213 .0055 .1456 .1259 .0106 .0090 .0022 .OG65 .0283 .211 

-------""-~------1----·-•-20-0--------+54-9--'---l.o-98-.Q -· .1.-240- Oo 0-0.00 o02.34- .• 0057 o 0 821 o 0711 o 0049 oO 023 • 0025 o 00 70 o 0167 • 097 
9 2 .189 .551 7.989 1.286 o.oooa .0233 ;oos8 .0619 .os36 .oo3s .oo13 .oo2s .oo69 .o!41 .011 

- ------9----:!..-~- .17-7---- • .5.73--8.ll1-7------1-.. 438 .. o.oooo .060.5-.... 0061- .185-1 .1606 .0149 .0217 .0064 .0077 .0507 .298 
9 4 .200 .588 8.043 1.576 o.oooo .0880 .0064 .1706 .1483 .0138 .0183 .0093 .0101 .0516 .276 

-----1.tl.----1--........ 2o...a-------....5.90----a .. as3 ... 1.625 .... o .. .o.oon. .... •. o8.2.z ...... • oo65 .... o69L .o6o3 .... _.o.a..4o .oo19 .oo67 .o1o6 .o2s3 .oso 
10 2 .192 .590 8.055 1.632 o.oooo .0747 .0065 .0203 .0177 .0011 .0001 .0079 .0103 .0194 .022 

-------1-n---..3--- .. 18.3.----- .• sa1 ..... a .. os.O-. .1.-021 o.oon..n __ .0.672 .oo6~· .oo5& _ .0049 .ooo6. .oooo .oo71 .oo98 .o175 .012 
10 4 .200 .587 8.058 1.627 0.0000 .0606 .0065 .0125 .0109 .0015 .0001 .OJ64 .0107 .0186 .030 

----1-1--- -----1--- .....• 20 O---· .... .saa .. _ .... a.-0-5.9.--- ... 1 •. 625 .... o •. o oo.n . • os46 • o 065.... • o 096. • o 085 • o o os • o oo o • o C58 • o 106 • o 16 9 • 010 
11 2 .188 .588 8.060 1.619 0.0000 .0492 .C065 .0049 .0043 .0003 .0000 .0052 .0100 .0154 .005 

------1-1-------.3---149--------•S.3-5.-·--S ... 06-0 .. 1..61-0. 0.0000 .0442 .0065 .0020 ..• 0017 .0002. 0.0000 .0047 .0093 .0141 .004 
11 4 .171 .585 8.060 1.599 o.oooo .0398 .0064 o.oooo o.oooo .0001 o.oooo .0042, .0104 .0147 .003 

-------1-2--------1-----·11'4---------+-sa.s...-.a •. a.oo .1 ... 58.9 .. .o..oo . .o~-- ... o3s.a .oo6~t- o.oooo o.oooo .ooo1 .o.oooo .oo3a .o1o3 .0142 .oo3 
12 2 .167 .585 e.o6o 1.579 o.oooo .o323 .0064 c.oaoo o.oooo .ooo2 o.oooo .oo34 .oo96 .0132 .oo5 

--------4Z- .. ---3-------.1-&-7------ .. ss3.--s •. o.oo -1-.S:?:-1 o.oooo .o29o .oo64 .oo19 .oo11 .oo12 o.oooo .oa31 .oa89 .0131 .o23 
12 4 .200 .584 8.066 1.596 o.oooo .0273 .0064 .0414 .0361 .0039 .0006 .0029 .0103 .0178 .079 
~ 0 20 Q -s.a4.----8 ... ~--1. • .6 . .(12---Ll.o.().ll.Q..() ____ ._.Q.ZjU,_ _ _.,O.Q.I)4 .... _ ._£).1.] .. 9 o 0156. o 0£110. o 0001 o 0026 o 0104 • 0141 • 019 
13 2 .192 .584 8.070 1.601 o.oooo .0223 .0064 .0115 .0101 .0006 .oooo .0024 .0099 .0130 .012 

--1L--.-3....:.--•-1..8.J. _____ ~8.3.......~.0.ZJ ___ L.-6.35--0•DDOO ...• 02iL ........ 0065 .• 05.0.3 •. 0439 • .0!13.1 •. 0009 • 0023 • 00 98 • 0161 • Oo3 
13 4 .200 .586 8.090 1.706 o.oooo .0268 .0067 .0949 .0829 .0066 .0039 .0028 .0114 .0248 .132 

-------1-4-------1--- ---·----· 2D.O-----..E1l.& ........... .a..o 9-3------c-1- •.. 715.. o. o o a· a_ .a 245 •. a o& 7 • o 22 9. .o 20 o • o 012 • o o c 2 • o o 26 • o 115 • a 15 s • 02 5 
14 2 .191 ,566 8.095 1.719 0.0000 .0222 .0067 .0185 .0162 .0010 .0001 .OJ23 .0111 .0146 .020 

-----1.4.----.3.-- , 1s1 ... SSil ____ e...uz. ...... 1 ..... 8..1a.. ..... .a.....o.o..o...Ll-... .... n..3s.ll.. .......... o..o.n.S-.-.-....1ZL9....- ..• 111.a __ .naaz. ..... ... D oa1 • oo.37 . • 0111 • 032L .174 
14 4 .200 .599 8.135 1.939 0.0000 .0591 .0072 .1543 .1352 .0120 .0148 .OJ62 .0140 .0470 .239 

.15.-....---1-----· ..... zo..o... _____ •. 6oo. ... 8.14.0 ... 1.95a. o.oooa_ __ .0541 .0012 .0372. .0326 .0021 .ooo5 .0057 .0142 .0225 .041 
15 2 .186 .6oo 8.143 1.963 o.ooon .0491 .oo12 .0224 .0197 .oo12 .oooz .oos2 .0136 .0202 .024 
iS.--3 11 1 & n 1 s 1 5 B 2 at. 5 o o o o o .J155i_ __ -6-.o.ll..7-h--....i.1D..9,__......D.Sl.3._. _ ____.j)_()_l_5_ ___ ...1LQ.5a _ •. o os. a .. _ • o 13 8 • o 3 3 o. . ...... 15.i _____ _ 
15 4 .20:0 .606 6.176 2.144 o.oooo .0677 .0076 .1309 .1150 .0102 .0096 .0071 .0165 .0434 .204 

----HI- ---1-------..-20-0 - • .oa~ .--8--.17.'9 2.148 o.oooo .0614 .0076 .0236 .. O-Z08 ... O.!J1-'3---.-IJ_Q_Q-2----•-00-&-5---e-ll-1-65--- ... G.2-~---. -~Z& 
~~.,....,_ _____ ----·------------------------- ........... _____ ................ .,... .......... ----------- ................................................ .- --



u:=~----••l••• ••·•-·•-•-·•-·••·•--•-••••n••••-·u••••••• ••••••·•• .... 

-1~6--'---=2-~-'.''--1-8~7---. 6o"r 8.18 3 z .158 o. oooo • o ?59 • oon • o 304 • o 267 :ili~OiJ4--:-0059-·--:-0i·60-----:o2-39 • on 
----4&------3-- ·--y-1+-3·····----.-61-~-----4-..£-ll-1---2..-<1-9-0 o.oooll .0-914 .co79 .. 1110 150€1 ou&---~1+----.0J.-'~6---· .0170-- .. 061-9..---.2.1-Z------

16 4 .zoo .625 8.231 2.4ZO o.oooo .1Z71 .0062 .1702 .1501 .0147 .OZ35 .0134 .OZ01 .0718 .294 
----1-+----1--··~-{).~--..,-6-2-9---·-Bo-2-47 -· -2 ... 50-7 G. 0 0 0--G-- ---.--1-3 0 9 ·· • 0.084 ·· - Hill 1 Q 7 9 ~----..-~~-6----· • 0 136 • 0 213 ..ll-5-1-1------....-1-6-0-.:_. __ 

17 2 .181 .633 8.264 Z.601 o.oooo .1390 .0087 .13Z7 .1173 .0090 .0110 .0147 .OZ18 .0565 .180 
-----1--Z-----:l-------1-G-2--- ·---.. ~46----..a.....2.a..S..:---2-.-l-4.l. ... - ..... .....a.a.11---······~ 2.{>.4 _ _...(W)_<j..()_ ______ 1.$2..1..--.1-Z~--- • [.).203 ..... 0 524 • 0 239. • i) 229 .1195 • ,405 

17 4 .zoo .659 6.317 Z.885 o.oooo .2988 .0093 .1863 .1653 .0205 .0490 .0315 .0271 .1280 .410 
---~-:--'i-----··o-2~-----.--e63-·--·~ ... 337--- -2-.--993----0.00IJO .... J.\l57--- -.0().9-5-·- -...-15J.3..--...-,1~- .0-11S .018--9- .0323 .0288 .0915 .229 

18 2 o194 .663 8.340 2.981 OoOOOO o2755 .0095 .0194 o017Z .0010 o0002 o0291 .0284 o0586 o021 
-----1-8~------.-18-7-----....6-5-9------8 •. 3-'+-6--···-2.9-97---o.oo~o .2498 .{1096---· .a-503 .0443- .GG29 .0010 .0264 .0283 .058'+ .058 

18 4 .zoo .659 8.354 3.0Z8 o.oooo .2Z93 .0096 .0676 .0602 .0046 .0023 .0242 .OZ95 .0606 .092 
--~1g~ -1--··---.....6-0-lJ.----e5-9------8-.-35-6-·-·· ~" 013-----ll-.ll-OiHl---· ...... -2 ()66--·-··-·• 0-0.\36---·--·Il-1~3----- • 0.-14-S- ... ···-• OOil-9--- - .• 0()01 • 0 218 • 0293 • 0521 .018 

19 2 .184 .659 8.357 2.991 o.oooo .1859 .0096 .0071 .0063 .0004 .oooo .0196 .OZ81 .0~81 .008 
----~~-----..-1&-Z-- ---.. -&54-------8.37-7- .. -2 .. -9-66 . n. oo~J--.• 1643--- .M95 . • o~45 • .oo~+.a. • .coos o .oooa • 0177 • 0269 • D451 .• 011 

19 4 .zoo .655 8.359 Z.953 o.oooo .1509 .0095 .0175 .0156 .OOZ8 .0001 .0159 .0284- .0472 .057 
-----2~-----1---------~~-.0 ...... 6-S-~-- --8..-361- ..... Z.937 .... 0 .. 0000----··-·135-9---..-0095- .. tl-1-Z&--- .. 0113--- .0007 .0001 .0143 .0281 .0432 .014 

20 2 .196 .655 8.361 2.91~ O.ODOO .1Z23 .0094 .00?9 .Ou52 .OG03 .0000 .0129 .0275 .0408 .006 
·---.2-tl------.l------·-~~---····-·····~---·--s. .. JG-S. ___ z_.., 9-17.- .... o ... o.ooa-. .u.c~·-··-. 00--94-------- ... 0.34-0--..• 030-3..-- • O.{i.1.9... ..o oo4 • o 117 • 0273 • 0~13 • 03l 

20 4 .zoo .652 8.378 2.979 0.0000 .1115 .0096 .10ZO .0908 .0069 .OQ60 .0118 .0289 .0535 .138 
--···· ----Z-1--------1--·-·····- ..-2-ll.!J.. .. ·- .. o-5-2------·-8-.. 38-tl--- 2.96S. a.oooo. -· .1oo6 .{).096-- .• IU67 .IH49- .• ooo9 .ooo1 .o1o6 .0286 .o4o3 .018 

21 2 .197 .652 8.381 2.946 o.oooo .0906 .0095 .0110 .0098 .0006 .oooo .0096 .0282 .0384 .012 
-----2-!-----3- ...... t-94---- . .:.6-49----a.391 2 .. 993 o.oooo .oa84 .0096---- .oa-51 ..... 0759 .ooso .oo34 .oo93 .0288 .0466 .101 

z1 4 .200 .652 8.408 3.083 o.oaoo .1049 .0099 .1347 .1202 .oo97 .0128 .0111 .0307 .0643 .195 
____ _z.z... __ --1------....Z~-3---·----•-G-.5~-.$ .. 4-!-3----·--.J •. 131--- O.OOOil---- ..• 1032 ....... 0-10(). ----.U-8-96-. .080.0--- .0055. --.0044- .0109 .0315 .0524 .110 

2Z z .193 .654 8.423 3.138 o.oooo .0946 .0100 .0433 .0387 .0024 .0009 .0100 .0314 .0446 .049 
-2-Z-----3 .... .:..ta6------.-65Z---8 .. 438---3.214 o.oooo .. 1031 .ou2 .1221 .1092 .ooaz .ao9o .o1u9 .0323 .0603 .164 
22 4 .200 .654 8.451 3.Z77 o.oooo .1071 .0103 .1082 .0969 .0077 .007Z .0113 .0342 .0604 .154 

----..2-3---- --1--- ..• 20.0 -·----•654- --8.454--- 3-.270 o.o.a.a.o. .og72 .• 01il3 .0306 .0275-- .OIJ17 .OQiJ4 .D103 .0341 .0465 .034 
23 2 o19Z o654 8o456 3.Z51 0.0000 .0877 o0103 o0161 .0145 o0009 o0001 o0093 o0334 o0437 o017 

------2-3---.3---- .13-4----... -&-S..0.--~·~4-- '-3.2~z. ... O.OOIHl---- .... .Jl~3$ ... - .. --0104-- ...... 072-a. .....• a.£,.53 . --• 0.045 .....•. Oa24 • 0089 • 0335 .0493 • 090 
23 4 .zoo .652 8.476 3.3~7 o.oooo .0878 .0105 .1014 .0909 .0073 .0061 .0093 .0355 .0581 .146 

~ 
-----24-- ------1-- .. -Z0.1l---·· ---6-5-3---8....48 ?. .... ----3 •. 3.7--G.. o .• 0().() 0 . - .-086 7 .• IH-06 . -- -.-3833 • 07..48- • 0 051 . • 0 038 • 0 091 • 0 362 • 0 5 43 • 10 2 

24 z .197 .556 8.soo 3.453 o.oooo .1016 .o1o8 .1280 .1149 .0089 .0111 .0101 .0375 .0688 .178 
-----24 ---3----· -·1-9-3----- ... -701l-----8-.52.JJ .... ....3 • .5-P~--- .0.1-12 .3-92.5-- ...• aut ..• 1M7--- .1&24 .0583 .55~3 .0414 .0396 .6937 1.167 

24 4 .200 .709 8.538 3.688 .0014 .5007 .0114 .17Z4 .1551 .0216 .0765 .0528 .042~ .1933 .432 
--a5..------1---.2.0..0..--.-....1'.11l---.Jj .. .551-------3....Z.SJL ... .o ... oo.oo .. _ . .•. I.ZD2---· .o..11s... .116£> ____ .• 1.050... ..• !1018 ..... O.U9.6. • 0<+96 • 04.37 .1101 .155 

Z5 Z .186 .710 8.556 3.745 0.0000 .4Z51 .0115 .0431 .0388 .OG24 .0009 .0449 .0430 .091Z .049 
____ ...z..s------3---- ... 1.72------~704- .-a.s74- . 3.837 ... o .•. aa.aa .. 4228 .au7 .1534 .1383- .G119 .0196 .0446 .0441 .1202 .z37 

25 4 .zoo .705 8.586 · 3.886 o~oooo .3959 .0119 .1058 .0955 .oo83 .oJ75 .0418 .0468 .1043 .166 
--<1.6 .... ----1--- --·-•··2...1JO.--------Ul-5. --- .8.,...5Jl8 ..... 3 •. 8&-2---· .0. OO..Oil ...... 3 569- • 0119- ..• 0 250 • 0 226 • 0 G 14 • 0 DO 3 • 0 377 • 0 464 • 0 85 7 • 027 

26 z .176 .706 s.599 3.go5 o.oooo .3348 .0120 .1oo4 .o9o6 .oo65 .oo66 .o353 .0462 .o945 .129 
--Z0--.3----+-1.5-2--........ .7.0-8-----~•0.U·-·-4 ... 0.1.4---······· .. !l.1l19 .• 47ZIL ...... 01.Z2----·· .1.751 ....... 1582. .. • 0255 ......... 0 975 • 0 504 • 04 72 • 220 6 • 510 
.26 4 .ZOO .710 B.634 4.097 0.0000 .4752 .01Z5 .• 1\fiH .1341 .0141) .0218 .0502 .0517 .1376 .280 
.. Z7.-- --1--- .2..0.0-... ---•l--11------8.645 ----4.134 o.ooo.o ...... 4413 .• 0.126 .• 0992 .0898 .0064. .0065 .0<+66 .0526 .1121 .128 
27 2 ·.169 .715 8.665 4.225 o.oooo .4699 .0128 .161Z .1461 .0147 .034~ .0496 .0533 .1524 .295 

.27------3---- o-1.3-Jl .. -olll ----.8 ... b.8.1. 4.324 o0025-- o631.B. ... 0130 ...• 1.Z18 -o1559 .0292---· o1291 o0667 .0540 .2789 o58~ 
Z7 4 .zoo .719 8.697 4.391 o.oooo .6066 .0133 .1389 .1Z61 .0135 .0180 .0640 .0590 .1546 .Z71 

------U----1-------Z.O.O.-----...Z1-9--~ ..... 7-0..l--- ~ 4 .416---· o .... o.o..ll4l- ..•. 5.5.81.------·..0-13-3~---··ll-93.3 ......... o..ai+-a ....... a..o59 ... - .. o o5.z • o s 89 • os 97 .130 3 .119 .. . 
28 2 .171 .7Z1 8.7Z3 4.489 o.oooo .5517 .0135 .1474 .1341 .01ZO .0233 .0582 .0602 .1537 .239 

---<1.a.------3-.-- --~----..71S.----8 ... 7-3-9----·· .4-.... S-7..8 .. ·---..0.0-1Z---- .... 6209- ..• ~)1.3-8 .... _..,1{)34---- -.1533.- . ....o 2iJ3..... • 0 59.7 • () 655 • 06 0 9 • 2 065 • ~05 
Z8 4 .~00 .719 B.75J 4.610 0.0000 .5766 .~139 .1069 .OS74 .0100 .0083 .0609 .0650 .144Z .200 

_ _____z..<;)___.j,. __________ z.oa.. ....... _ .... 1.2o.. ........ a .. l-5-B-........ 4 .. 619---- o •.. a ooo..-....... 52.77 .. ..014.U ............. os11----··0.73S- • oo so... • o 04-1 • o 557 • o 654 .130 3 • 100 
Z9 z .174 .721 8.772 4.670 o.oooo .5069 .0141 .1Z95 .1181 .0095 .0149 .0535 .0656 .1436 ·191 

---2-~---·-..3----"~ ... :L-4-9--,.-..... 7...1-1-- .. a . .,.,:z-.u-.~--4- ... z.s.o---".0 •. .a.a.o.o ......... 5.3-54-.----- ·-014-3.- -- .• 1 oz.l ..... ·-14-94 ...• ill& J ....... o 36 9 • a 56 5 • o 6 6 3 .1 7 6 a • 3 2 5 
29 4 .zoo .717 8.795 4.713 o.oooo .4831 .0143 .0336 .0307 .0046 .0006 .0510 .0685 .1246 .091 

----.3.0-----1-.... --..... 2.o.a.......... .. .-.7.1Z ... ---B .. L9L ···- . .4 .. &£.S.-.. o ... ooo.o -·-· .4.3-56 -·· • o 143.-- • 0266.. . • 0243 • o 015.. • o GO 4 • a 460 • o 6 76 .1154 • 029 
30 2 .t60 · .718 8.808 4.700 o.oooo .4116 .0144 .1092 .0998 .OG74 .0091 .u434 .Oo66 .1265 .148 

·-----3..0. .. - .. 3--... - .• 11.B- ........ 711 .. --.8 • ..azo ...... 4 .. L4D.. . a. o.o.o..o ....... 3922... .• o 14.5... .119.s .1.095.. . • o a 98... • o 101 • o 414- • o 656 .126 9 .196 
30 4 .200 .711 B.azz 4.690 0.0000 .3534 .0145 .OZ04 .0187 .G052 .OOG2 .0373- .0688 .1115 .10~ 



-~ 

--MC#T#L-¥--SU.Mt-lA.R:Y.. f:QR---PA~P-~I-C--R.IIJER -A-1=---.PASSUMPSIG., Vli:~MGNT -TWO SUS-AREAS -

-AaR..-..1.9L(1... ..•. ,. __ .. ·- .... ··--· ·-·-··-·- ------· .. 

· - ------ - -P-REC-I P-J-l-A-T-I·OU.- -G-A-G£--SUMMA-R.Y--- ---·-· 

------·---------------S.Q..U._--l4-Q.I.S+lJ.RE--ACC.OUNTING---V-Ot.-UM-ES-----·- -----·--·---·----------------··-----

~--R-REClR..~A.GE --.w.A.M.E.--- ----·----Ul.l.Al...-..I(..Q, _____ SURFAC.E: RO. ---Il1PV .. RQ ... "-l!IITE.Rfl.Q.l>l ... -. GW-FLO W ........ R£.CH.ARGE. 
1 PASSUMPSIC RIVER-L 6.745 .967 .506 1.454 3.818 0.000 

~---fl-A-SS-Y-M~I-V€R--H-----&.r-~94--------------1~-~2t ---- . -- -· 6-62- - ----- 1-.945 --· - --?-· 8-93 --- - o • .ao O-- . 

---------------···-----···--------.S.OI-l- M.OI-STUR£ VARIABLES AT END OF -MONTH 

-~---GA.G..E ... ..UA.M£. .. _________________ u.zs ----- LlS ...... SGW .... ~S RES ---SRGX- . SCE.P 

PASSUMPSIC RIVER-L .51 8.64 3.31 3.41 0.00 .03 0.00 
--P--AS.SIP'U~,'SJ:C- RIVU-14--------- --------· -----.-74. ---- 8.-..'32 . -4.69 4. 71- 0.00 .... -35 .. -20 

------ -- - - ..... ------------------~W--S.UMMARY 

------------------·-·-··----iil-G---N.O.,..-.. S~OWFAL!o-·- - ---RA-l-U------P.ACK RO ----8ALA-NCE -
1 .695 2.626 10.118 

_ . _ _ . . , 1  0  0  6 . 5 0 0 1  4 4 2 . 7 3  3 7 8 . 7 3  3
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--··-------- ------- ·--H-AHR···¥EAR SUMMARY FOR--PASSUMPSI-C R • AT PASSUMPSI-G--------------- ------·----·-· 

-- --------WATER Y~AR--19741 -- ·----····------- .. · -~ ····--·~--~-. ----

---HE,: A-N- !JA-I-l-¥· 0 I-SC-I+ARG€- ·SU MM ARV 

·----GAY-- ·-------OGT- ----NOV- --GEG -.JAN- F€8 ·· -MARCH APRIL-- MAY JUNE JULY AUGUST 

--~,·--·-- .~ .. ·~---N~~ ~---•-.••-~- ·---•o. ___ ,, --·, •'-• . -~-~------ -·-· 
1 244.4 299.9 634.8 378.4 213.1 300.8 332.5 3765.7 412.9 811.9 255.0 

---------2- ----23-6.3- ----~g.cj-rl--------··-606 .-1 3-f.J.~h-6. 22-6.8 -2-94.9 422.1 3266.4 511.0 so9.a 610.9 
3 490.1 426.1 581.6 359.7 901.4 289.2 1085.6 2908.3 515.6 515.5 283.0 

---4--- 358.3---. -7-~---1------ 558-.-5 351 .. 4 1519.-3 -2 83.-4 701.9 2693.7 463.2 5J6.1 351.6 
5 286,4 4077.1 5"3 6. 7 343.3 326.9 278.1 553.4 2334.6 402.8 839.1 213.5 

--~---·--------- -----· -- -~---- .. -···-··· --' 

-----.f.J.-..--- --271.-f.J..----J-37~-3---- ---517:.-e 335.3 635.S- 273.1 490.0 2152.6 1333.1 538.9 19u. 3 
7 262.6 1913.2 5~G.3 327.6 546.8 268.2 477.2 1938.4 800.7 44 3. 9 151.8 

-----8- - ----21-t.-4 -156-9-rZ-·----·- 508.9 320.7 48 7. 8 263.2 626.9 1721.6 557.3 382.7 129.3 
9 248.5 1271.2 538.4 313.9 446.3 257.5 1356.5 1563.6 467.3 336.1 124.2 

------1-G- .. --2--2-5. 3-- ····--1:-ll-&-1-.--7 --.-- It 98 ... -& ---. -30 7.1-· --41-7 ... ~-· --·2--52.6 21&9.9 1537.9 ---415.2 291.5 119.3 

------------- .. ---- ----------
11 214.1 1001.2 1347.9 300.6 437.5 248.1 1453.0 1409.2 382.3 3913.3 154.5 
12 ··-····-2 07 .. 4 -·- .. ·1-1-6 !). .• 3 ···1793.1 294.7 72&.-3-.. 243.4 - 1129.0 1371.5 375.1 380.6 15u.7 
13 200.8 951.9 1075.6 289.1 545.8 238.6 1183.6 1210.6 282.9 374.3 102.3 

--4-4-----~1G-.-J1------·-·-%-S-.. -9---~--3--'H. 2- ····-·---~-83-.2-·--· -· 4 7.q. 0---- 2-J-5 ...3 1-445. g ... .uz.JJ .• a ... 234.9 . --2o4. 2 Hi2.6 
15 2E.2 1222.5 7'19.0 277.9 448.8 230.8 2033.4 1019.6 215.1 29().6 96.4 

-·--·----!5. -- . 18~. 3 gf>).h, 1----7-1-5. 3 -~72.8 ··- . 42&.6 ---22-6.7 -2251.8 %3.0 205.1 348.4 81.2 
17 185.A 872.7 66C.5 268.() 409.0 222.3 3323.0 1785.7 208.1 354.3 75.8 

-----1-a------Zl-3 .. 4----·-.aZ4-..1--··· ~-8 .7-------263.1 .... 394 • .3. 2.-11 .. 4- 4676 .. 4 . .3300 .6.- ---2.38.1} ... 25.7 .. 5 68.7 
19 184.9 840.9 585.7 258.7 381.7 213.4 3377.5 15 9'3 0 4 239.3 338.9 62.7 

-····--<....0.-------31-4 •• 3 .... 4U.D..-4-------·.:_s.57.2- -·· --25..4.5 -- 370.&- -224.2 2677.1 1240.9 190.9 214.8 75.3 

21 579.6 3008.1 533.2 250.4 360.6 3 22.6 2569.0 1047.6 170.0 173.2 33 8.1 
----4-Z-------~6 • .S---1-Z.1-5-... .8-.---S 12-...-S-. ..... ----2.46.-3 ·-·- . .3.51.. 5 . --- 306. &. .. . 2.8..16. 9. ... 951 •. 2. .1.86...9 .... 162.1 .. 1.31..4 

23 367.6 1360.5 494.6 242.5 343.0 507.9 2778.3 942.6 165.4 134.0 332.4 
---~4 - ----.3-1-9.-S..---1-14 7 .• 9 .. 47-8 ... 3 -Z3.8 • .a . -335.1. . 435.5 . 3656.9. ..763.2. .. 12.2..8 128 • .0 493.8 

25 310.3 999.3 463.4 235.2 327.6 447.3 '3468.0 711.7 127.3 125.4 15G. 7 
·- ----·-···---

------26---~5 .. 1----~.3 .5-----4-4~.....4... -----231 ... 7 .. .32-u.z.. .. . . 4.12. 4. . ... 4ans. .... J.. ··---157 .. 5.- •.. ..12.9 • .4 .... -"'.i.13 .• 8 122.0 
27 356.0 813.7 435.7 228.3 313.4 400.9 4941.1 888.2 758.3 1G5.6 210.9 

···-----2--3-------3.0.@..4~-----....:·7-5 3.6---- ·---4-2-2 ... ~ ---- . 22-5 •. 1 - - 34)7.4} . -384 .. 7. 54.89.0 . --64-1..-3.- - ... &63. 9 . --.1ilil.6-- .196.7 
29 333.0 7G7.2 410.2 221.9 379.1 

---3-0-----31..('...-2- --------66-3-..4- ------3-9-9. a-·---- 248. a ... ------35.4. 7 
31 3oe.a 388.7 215.8 338.6 

TOTAL 8987. 40162. 19503. 8723, 13499. 9352. 
---~--·-·----J-06 .. _. .. -3...424-----·-1-0.0."3--.-- ... ---7-4.4------1. .. .i-51 -- -. 797. 

4960.8 573.4 331.6 
.. 439.9.2-. -495 •. 9 --- ... 692 .. 5 

434.8 

77651. 47091. 11799. 
.6 •. ~21.. ····· .4.J-15 -··. 1 .. 006. 

115.7 
g.o. 3 
88.6 

9739. 
.830 

ossv. 8836. 31282. 19957. 10670. 14540. 11840. 82180. 39040. 13179. 7982. 
--.--~~- --~.3.., ---Z-o6l-.., .....•. J...,~~.:Z"·-···-·· .• 9-1 J.. ... 1- .-24-U-..... . .. 1. 0 10--- .. ---1-. ~-0 7 ..... ., .. -3. 32 9 -· -· . -1• 124- .. -... . .& 81-

695.8 
222.8 
259.5 

6553. 
.559 

5570. 
.475 

SEPT 

194.0 
168.7 
158.7 
567.9 
41f0o4 

311.7 
273.1 
257.1 
246.4 
247.9 

324.7 
199.6 
17 8. 2 
159.9 
187.7 

388.5 
249.2 
223.1 
221.8 
166.9 

146.5 
.. 278. 0 

228. 8 
178.6 
159.7 

199.2 
357.0 
374.6 
338.6 
309.9 

7736. 
• 660 

6175. 
.526 

ANNUAl 

260797. CFSD 
22.24- INCHES 

517942. ACRE-FT 

251251. CFSD 
21.42 INCHES 

498984. ACRE-FT 



k 

MEAN DAILY •FlOW PlOT PASSUMPSIC R. AT PASSUMPSIC WATER YEAR 1970 •=SIMULATED +=OBSERVEO 
OGT NQV --4-0-"~----~v-lJ---.,- -4-3.(10-., 0------~~ .. ~_.-.0G-11~-IJ-----·- 7-0110-• ..(l.. --.a.ao..o .. u .. - 9ooo.o. 1oooo.o 

1 ..... 
~ -~-·-4·- .. ---~-··-------·~---·- --~- --~ ·----
3 . • • ... .. 
'· ....... --------.......----........---------------------...... ------~--·-·-----------

1 
5 • ... 
~~ 

7 ...... 
-----------.-----·---........-.------- .. -------------------...------- ..... -----

8 •• ...~------.-- .. .....------- -------....-----~----....... -- ... --·~---_..-.... ______________ ,... .. 
q • 'I' .. 

1 g • --.-------------~-----,r-----------.--·- ····-···-··--------·-·----------·····-·- -----
11 •• 

--42-- • ... ------------------.... ---·------- ------ -·---------·-··-.-·· -
.. 13 .. ... 
~ -______.,.......---------------- ··-·--·------···-- ·-------.. ·---·-·-··-----·--

15 ,_ . . . 
1fi -~-------....----~-····--·-..----- ---- --..----·-- --·-· 
17 .• 

--!-3-,-.---.'1!.-.. --------r---------.. ------·· . -·--r ---·-- -- -----
1q ••• • • • 

---64---~---------. --·------T·-·----------------------__:_ ... _,. _______ -----
21 • "'+ 

!f:-+------o---·· ---------.----------------~---- ---·-
23 • • • • • 

~-----~------- ··-··-...---------------· ···-------------------- -. 
25 • • • • • • • 
2fl o *-*---··---+---·--•-·-----···+·····-----~•-···- ·-----------·~·----- I 

27 .... . . . 
-~· _ __JL_j,_ _______________________ ··- ---------------- ·-·--. 

29 • .... • • • 
--l-G--..:.-... 'l': ______ -··+-----·----··--------- ----·-·--·. -- . ··,--·--•--·-··-----·· 

31 • ... • • • • 
1 I • ~----__...,_.--··----·--.-..-------·---- •·· ·-----·-· •·-···---·-

2 ... 

4 +• • 
·----5--.- ----+- ••. !f-

6 • ... ~.~t 

__:t... ---- •·-----*-'-----·----- ... ····------·-··-- -·-··-- ---· 
8 • • + * 
_g____ ______ ._:t......:'!' ... ·--· --·--·--- ----·-- ··-·. --·----------·-----

10 • ••• • • • 
-~-·------·· . ...±..~---- ------------------·-. ·------- ·--· .... -

12 • + .... 
--1-3--------·---:!' ·-····--- ··--.-- .... -.. ----.. ·--··-- -------·-·- ---------··- ....... -- ,._ __ 

14 • *+ • 
---1-5---.---------_j,JL_ ______________________ ...... . 

16 • *+ 
---1-l..-----------··-'!..----- ------

18 • +• • 
• .-.... ,, .. ,,_.._._~, ...... __ ....._ ____ ..• ~.~---·~---....___W_hho-oo-+- --~~' 

20 • • +. • • ... 
__ Zj___.._ ______ L-----------+ ...... ____________ ~----------··---" -. 

22 • • + ,_ • • • 
·----2-3-.--.o---------i.._,__:!._ ___ .,._ __ --···--···---· -------·-······-·· --· ·-· -·•··· ·---·· 

24 • + .... 
25 + • 
26 • + • • • 

----2.l. -...L----·- __ .±..!..__._ ___________ ··--··--····. --- ....... 
28 • + * • ... 
30 • .. ... 

SIMULATED OBSERVED PRECIP 
244.4 192.0 0 .o 0 
236.3 169.0.- • .15 
490.1 283.0 o41 
359.3 . J42oll- oli a 

I 286o4 282o0 i]. 0 0 
271.6 231.0 0 .o 0 
262.6 211.0 0 0 0 
270.4 18.9 .. {) .tii&.-
248.5 175.0 a. o o 
225.3 188o0 o.oo. 
211+.1 168.0 o.oo 
207~4 131.0 ll.OD 
200.8 181o0 o.oa 
210o9 183 •. 1) .os 
215.2 176.0 o.oo 
188.3 168.0 • 0 0 
185.8 172.0 .04 
213.7 168.0 .D 3 
184.9 117. a o.oo 
3:1:4.3 231.0 .. 71 ... 
579.6 700e0 .09 
396.5 541·0 .19 
36 7.6 426.0 .o 1 
319.5 327.0 .02 
310.3 311.0 .o 3 
305.7 389.0 .07-
356.0 513.0 .19 
369.4 583.0 .05 
3 33.0 440o0 • 0 2 
31J.2 334.0 .03 
308.8 315.0 .o 2 
299.9 261.0 .. --- .0.2 .. 
299.2 276.0 .21 
426.1 ,372.0 .07 
792.7 683.0 1.76 

4077.1 2660.0 .92 
3373. 8 2950.0 .23 
1913.2 1760.0 ...• .in. .. 
1565.2 1340.0 .15 
1271.2 1150.0 .o 3 
1067.7 905.0 .03 
1001.2 827.0 .27 
1160.3 920.0 .04 
951.9 1040.0 .0.9 
965.9 1100.0 .28 

1222.5 1080.0 .o 8 
987.7 1100.0 .o 1 
872.7 869.0 .oz 
824.7 7G8.0 .1 0 
840.9 701 •. 0 .27 

4180.4 1890.0 1.01 
3008.1 1880.0 • 01. 
1715.8 1180.0 • 01 
1360.5 921.0 .111. 
1147.9 651.0 .• o 1 

999.3 . 680.. 0-----· _ ... 111. 
893.5 740.0 .01 
813.7 700.0 • 01 
753.6 500.0 • 01 
707.2 610...0 .... ___ ..• 01 
668.1 628.0 .01 



r: 
\J'I 

DEC-JAN 1QOO.O 2000.0 3!)00.0 4000.0 5000.0 6000.0 7000.0 8000.0 
---4---·....------"'-----,-

2 • • ... 
3 * -*---'-..-------·-- .....------·----.--·-·>0•- 0-4oA_,.......0.0 .. 0 .... ----~---·.-------....--~---··--.. -·.._...,..__--,,--· ... •••••••·-
4 • • • • 

---~------+.,----.----·------ . - ...---- .. ··· ---
6. • .... 

----+------.--·-.JA._ ______ .... _ ------- ·--- .,_.. ..... ---- ..• ------
6 • • ... 

--~--.........-----.3'-+----.-----·---··--·....,..-----·- -
10 • ..,. + • • 

---4-1---v-·--- ---·--.. ------....-----~----+----- v-----
12 • • ..,. • + 

. --4-J.------- ··- ............ 'f. -· ·'*"----
14 • ". 

----4-9-----w------.!L... ··-------- ------..------·-- ·-------..----
16 • ..,. • 

--1--1-· ··....-----+--~-- -.-- ·----
18 • • ... 

--14----.---------+-"'------- ... ---- -- .... 
20 • + ... • 

----24--~-..U.-----...---· ----· -------···--·-------·---
22 • .. .. 

----2-J.- --.-----U-. 
24 • • .. 

--ZS---.--- ., .. _._ ·-· .... 
26 

. ' 
2 '1. .___.__,_ -····-·-~--- •---·.-----~---.. • ... --·-• -- ·-- ·• ...... ..---·-- --••-•u••• .. ••• ••·---··-- •··• ·•- •~•••-••-•••·-·•·• 

26 • .. + 
____ _z...g_ __ .......................... . 

~:- ----·- ... 
30 • ... + 

---3.1-----.- - .. -"'-*'---
1 • ... 

___z._ __ ____,__.:'f_t..._ ______________________________________ • ---- ------- .. --

3 • .... 
-------4----... - _____ .__., __ ·---·-···-· ......... ____ .... ··-·· 

5 • • .. 
----6-----.. 

7 ... 
. -3--...... --.. -~-=1:...-._--.-.. ·--------~- .. ·------· ·-·------------ ............ ,., ___________ _ 

g • ... 
1() ......... -"'-•-------· 
11 • .... 
-1.Z..-- - ·- -- 3' ____ - . --
13 • ,. 

. .... 4-C.------'t ___________ --- ------····•--···--·---·- ----·· 
15 • • • • 

---1~ .. --•----------··----- -· ----------·-·· 
17 • • • • 

----1-3------·-'f.. -----·-- .............. ·-·----·------- .... -------. 
19 • ... • • 

--~.:t...-.... " .. '"-~--~--·~~--------···-.. ---· 
21 • • 

---ZZ------~·:1;. _____ ....... 
.23 ••• 

~-4-.-.._ .... \' .... 
25 • "'+ 

.~.z.G..-_,,..ll.,_,, ____ ............ __ ,~_ .... __ ,.,...._ __ ,,_ ....... -.·---- ·~-----·.v-+•--·--·"-"""-'"'"•··•• •· 

21 • "'+ 
_z.a_ __ ., __ .!.t .. - ... ___ _. ............ ___ _ 

29 ••• 
---3-0----- .. • .. ~t... ...... -- .... ----+--- ----- ...... ---- --·•-- ...... 

31 • •+ 

. . 

9000.0 10000.J SIMULATED OBSERVED PRECIP 
634-.. ~- - .. 5-0-l}....l}.-~ 
606.1 480.0 • 0 1 
581 .. 6 3an.n . ........ .!!1. 
558.5 410.0 .01 
536.7 390.0 ... D 1-. 
517.6 390.0 .G 1 
500.3 3443.0 .1)1 
508.9 434.0 .o 8 
538.4 64a.o . .. nz. ______ 
498.6 781.0 .o 6 

1347.9 1610.0 .92 
1793.1 2480.0 • 0 4 
1075.6 1420.0 .a 1 
891.2 901.0 • 01 
7 69.0 843.0 .ll-1 
715.3 670.0 • 0 1 
660.5 550.0 • 0 1 
618.7 500.0 • 0 1 
585.7 -480.0 • 0 1 
557.2 450.0 • 0 1 
533.2 410.0 .01 
512.9 440.0 • 0 1 
494.6 400.0 .01 
478.3 370.0 • 0 1 
463.4 340.0 • 01 
449.4 370.0 • 0 1 
435.7 5511.0 .01 
422.2 650.0 • 01 
410.2 6011.0 • 01 
399.0 570.0 • 01 
388.7 540.0 • 01 
378.4 5Jo.o .o 1 
368.6 490.0 .01 
359.7 470.0 .o 1 
351.4 460.0 • 01 
343.3 450.0 .a 1 
335.3 440.0 • 01 
327.6 430.0 • 0 1 
J2u.7 420.0 .o 1 
313.9 410.0 • 0 1 
307.1 380.0 .ll1 
300.6 370.0 • 01 
294.7 340.0 • !) 1 
289.1 330.0 • 0 1 
283.2 320.0 .G 1 .. 
277.9 310.0 .o 1 
272.8 29o.o • 0 1 
268.0 280.0 • 01 
263.1 290.0 .n 1 
258.7 290.0 • 01 
254.5 270.0 .o 1 . 
250.4 260.0 • 01 
21+6.3 270.0 • 01 
242.5 3uo.o • 0 1 
238.8 28D.O .o 1 
235.2 280.0 .o 1 
231.7 280.0 • 01 
228.3 270.0 • 01 
225.1 \ 270.0 .(i 1 
221.9 280.0 \ • 0 1 
218.8 320.0 \ • 01 
215.8 320.0 · .• a 1 



~ 

FEB-MAR 1000.0 2000.0 30~!).0 4JOO.O 5000.0 
-----4·-·--.···-.lf:.:4-~ .. ---·-·· --------- ·-···--·---.-- - .--------·---···-·· :_ --.....-··--

2 • ... • 
-·· .3...-..-e----·--··+---~---·- ........ 

4 • • + ..,. 
----5---------'C...._,_ ______ ...... 

6 • • 4- • 

--1--------~----------..-------------···-·"---<>'-
6 • "'+ 

----..Q.----"'--*-"·----------·--"·-· .. ·~-
10 • "'+ 

---4-1---,---~- ........ --·-·------.... --.. -------..-·- ........... _ ............................. -.- -----· 
12 • "' • • 

--1-~-.-----'L+-------+-.. -----------.. ------ ..... - .......... -. -. 
14 • "' • • 

--4$----"'--lo .......... - ....... __ .. __ .................... _ .. ____ ·-- .. 
16 • ,. • 

----41--- ... .,._ ...... ~--- ·-----..... ---
18 • "' • 

~-------.. '£. ...... _ ... .,..-... - _____ , ___ ....... ------· 

·20 • ... • • 
-~--~-- ____ .. ___ ....... - ...... - ................. - .. 

22 • "' • 
--£.;i.. .. --=-.----*--*----- ·---~--··· 

24 • "'+ • 
----Z-5-.. --... --~·*-· ............... --·-· ·- ............ __ .-·- .. -· --· .. ____ . ., ............ -... .. 

26 • ""+ 
-2-1-------....!t.& ... ----------· ... ---· 

28 • "'+ 
---~--·--- ~-· 

2 • .. ... 

-----3-.. ------·. 
4 "' 

----5-----e--~--- ... --+-------~--4-···-·--· --- --·-·--·~ .,,_, ____ " _______ .,. 
6. • • 

·----.. ~---..-----~--
8 .. 

-- ....... .!jl.. ............ -~-------.. . 
10 • 

----4.-1-~---- ........ --- --------- .. -·---------
12 •. •+ . 

--1-3-------~±- ...................... .. 
14 • "'+ • 

--15--4- .. ~*-- .. ---.... - .... ---.-- .. ----· ........ 
16 ...... 

---4-1-~..__ __ ---·----·-.. ·------·---... ---- ..... 
18 • ... • • 

---1-~--.... ---'f-*--•. ,,__!_ _________________ ..,. ______ , .................. - ....... .. 

20 ... ... 
.. ,. -~!------ "'-*-··--

22 • .. + • • • . • • 

6000.0 

' . - . 

---23 Jl. ......... .--·---+---•~c--'"•' .... _.,.._,.. ___ . .,._ ......... ,~··--··-~- -· .. -·6~•· •••~ ~·~·~-·~--·---···· 

24 • ..... • 
--2-5.-·----~-~----. -~··· 
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30 • ..... • ' 

.... 3.1 .. ....__ __ !-..± ___ ---· -------.-. 

8ooo.u '3000.0 

--------------=--:..._ 

10000.J SIMULATED OBSERVED PRECIP 
213.1 300.0 .o 1 
226.8 330.0 .22 
'301.4 7.0 0. 0 .ao 

151'3.3 1200.0 • 0 3 
826.'3 900.0 .o 1 
635.5 820.0 .o 1 
546.8 750.0 .o 1 
487.8 640.0 • 01 
446.3 57D.O .... 01 
't17. 0 520.0 • 0 3 
437.5 550.0 ... 29 
726.3 700.0 • 0 3 
545.8 560.0 • 0 1 
1+79.0 480.0 • 01 
448.8 450.0 . .• 01 --
426.6 440.0 • 01 
1+09.0 430.0 • 01 
39<to3 420.0 .o 1 
381.7 420.0 • 01 
370.6 410.0 • 0 1 
36:J.6 400.0 .ll1 
351. 5· 39!l.O • 0 1 
343.0 380.0 .a 1 
335.1 370.0 .a 1 
327.6 370.0 0 01 
320.2 360.0 .o 1 
313.4 360.0 .o 1 
307.0 350.0 .o 1 
300.8 350.0 .o 1 
294.9 350.0 • 01 
289.2 350.0 .o 1 
283.4 340.0 • 0 1 
278.1 340.0 .n.L 
273.1 340.0 • 01 
268.2 330.0 .01 
263.2 320.0 • 0 1 
257.5 320.0 . .o 1 
252.6 310.0 • 01 
248.1 310.0 .. • O.i ...... 
243.4 300.0 .o 1 
238:6 300.0 .o 1 
235.3 '300.0 .n 1 
230.8 290.0 • 01 
226.7 280.0 .o 1 
222.3 270.0 .. .. 0.1 --
217.4 270.0 .o 1 
213.4 270.0 .02 
224.2 300.0 .13 
322.6 400.0 .os 
306.6 520.0 .23 
507.9 ... 60 0. 0 . - .13 
43~.5 550.0 .12 
447.3 5ti0o0 •. 06 
412.4 450. 0' .o 5 
400.9 520.0 .a04 
384.7 620.0 .04 
379.1 560 .• 0 -- ...•. 112 
354.7 450.0 .o 1 
338.6 .430.0 .o 1 
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6000.0 70JO.G 8 J 0 :J. Q 900IJ.Q 

+. 

+ 

'f 

10000.0 SIMULATED OBSERVED 
332.5-- 440.0--
422.1 520.0 

-1 il8 5 • 6 11 u 0 • 0 
701.9 1000.0 
553.4 aco.o 
490.G 7uO.O 
477.2 700.0 
626.9 \750.0 

1356.5 1200.0 
2169.9 1900.0 
i't53.0 1280.0 
1129.C 1190.0 
1183.6 1460.0 
1445.9 1860.0 
2033.4 2570.0 
2251.8 3080.0 
3323.0 3790.0 
4676.4 5940.0 
3377.5 ~230.0 

2677.1 3130.0 
2569.0 2560.0 
2816.9 3010.0 
2778.3 292JoiJ 
3656.9 418\1.0 
9468.C 8550.0 
4805.4 5670.0 
4941.1 4800.0 
5489.0 5170.0 
4~60.8 4320.0 
439'3.2 3360.0 
3765.7 2850.0 
.3266.4 2500.0 
2'308.3 2520.0 
2693.7 2190.0 
2334.6 1610.0 
2152.6 1530.0 
1'338.4 1440.0 
1721.6 1260.0 
1563.6 1.120.0 
1537.9 1110.0 
1409.2 1120.0 
1371.5 1150.0 
1210.6 976.0 
1120.8 908.0 
1iJ19.6 784.0 

'343.C 734.0 
1785.7 1530.0 
3301).6 2610.0 
1599.4 1610.0 
1240.9 1120.0 
1047.6 904.0 

'351.2 8G4o0 
942.6 840.0 
763.2 736.0 
711.7 630.0 
757.5 717.0 
888.2 1140.0 
641.3 836.0 
573.4 651.0 
495.9 591.0 
1+34.8 519.0 

PRECIP 
--·-··0-G...

.32 

.21 
• 0 2 
.o 1 
• 0 3 
.14 
.43 
.82-
.23 
.a 3 
.17 
.3n 
• 52 
.48. 
.6 8 

1.12 
.40 
.11 
.21 
.37 
.41 
.25 

1.64 
.40 
.58 
.69 
.4 8 
• 3 5 
.24 
.18 
.13 
.. 25 
• 04 
.14 
.o 9 
.o 2 

0. 0 0 
.12 
.15 
.19 

o.oo 
a.oo 

.o 2 
0 • .o.o 

.o 5 
1.3& 

• 0 1 
.. o 1 

o.oo 
o .. oo 

.17 
o.oo 
a.oo 
.a 3 
.42 

o.ao 
o.oo 
o.oo 

0 0 0 
0 • .o 0 
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SIMULATED OBSERVED PRECIP 
412.9 .. 492 .. 0 ..... 10 
511.0 609.0 o.oo 

... 5.15.6 554.a0 --- .. 18 .. 
463.2 _592.0 .o 1 

. ,..40.2.8 .49.7.0 . .97 
1333.1 1290.0 .13 

'800.7 - 1140.0 ... oo 
557.3 725.0 • 0 0 

-467.3 ..... 56.9.0 . ___ 0...0.-0 
415.2 470.0 o.oo 
382.3 4il&.o .oa 
375.1 366.0 o.oo 
282.9 342.0 o.oo 
234o9 293.0 o.oo 
215.1 3.1.0.0 ...... a .. .o.ll-. 
205.1 268.0 o.oo 
208. ~- 214.0 o.o.o 
238.C 225.0 • 0 8 
239.3 263.0 . ....... 01 
190.9 238.0 0. 0 0 
1-]j) .. Q. -2.24.1) .o.~.a .. 
186.9 228.0 • 0 8 

-165.4 . 227.0 a.oo 
122.8 213.0 o.oo 
127.3 179.0 .. -- ..• 02 
129.4 188.0 .24 
758.3 452.0 1 .. 1.0 
663.9 717.0 o.oo 
331.6 416.0 ...31 
692.5 472.0 .65 
811.9 707.0 o.oo 
509.0 490.0 • 0 5 
515.5 .336.0 o.o.a 
508.1 382.0 • 7 0 
639.1 I 833 0 0 o.oo 
538.9 591.0 • 01 
440.9 364.0 o.oo 
362.7 . 287 .o • 0 0 
336.1 237.0 o.o.o 
291.5 196.0 .12 
398.3 212.0 .09 
380.6 219.0 .16 
374.3 288.0 .01 
264.2 231.0 .a 5 
290.6 163.0 .o It 
348.4 179.0 .19 
354.3 218.0 o.oo 
257.5 230.0 .24 
338.9 158.0 o.oo 
214.8 254.0 .a 3 
173.2 179.0 a.oo 
162.1 151.0 o.oo 
134.0 149.0 o.oo 
128.0 130.0 0 .o 0 
125.4 131 •. 0 . o ... oo 
113.8 59.0 . 0. 0 0 
105.6 .. .163.0 . 0 .D.O .... 
100.6 129.0 .04 
115.7 :1:00.0 o.oo 

96.3 110.0 o.oo 
88.6 106.Jl_ ............. 0.3 
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10()00. 0 SIMULATED OBSERVED PRE-CIP 
255 .. -n Ill g ~ 
610.9 504.0 .19 
283.0 461.0 .32 
351.6 305.0 o.oo 
213.5 269.0 o.oo 
190.3 183.0 o.oo 
151.8 157.0 o.oo 
129.3 131.0 o.oo 
12 4. 2 - 6 9. o a • o o __ 
119.3 169.0 .05 
154.5 146.0 .02 
150.7 103.0 o01 
102.3 109.0 o.oo. 
102.6 111.0 .03 

96.4 -105.0- ...... o .• o.o 
81.2 49.0 o.oo 
75.8 126.0 .oo 
68.7 84.0 o.oo 
62.7 97.0 o.oo 
75.3 74.0 .43 

338.1 86.0 ~17 

131.4 130o0 o01 
332o4 135.0 1o04 
493.8 353.0 o.oo 
15C.7 210.0 .02 
122.0 160.0 .23 
21C.9 136.0 0.00. 
196.7 210.0 1.09 
695.6 337.0 o.oo 
222.8 283.0 .10 
259.5 195.0 .09 
194.0 235.0 .os 
168.7 176.D O.DO .. 
156.7 126.0 .47 
567.9 244.0 .51 
44Q.4 369.0 .07 
311.7 268.0 .07 
273.1 243.0 .02 
2 57 .• 1 22 7 • 0 .. 0 1 
246.4 181.0 .oo 
247.9 150.0 .20 
324.7 187.0 o.oo 
199.6 254.0 o.oo 
178.2 144.0 o.oo 
159.9 162.0 .QQ __ 

187.7 152.0 .20 
388.5 140.0 .21 
249.2 197.0 .oo 
223.1 201.0 .....• !13 
221.8 132.0 o.oo 
166.9 101.0 .. O • .Oll 
146.5 181.0 .06 
278.0 151.0 .23 
228.8 223.0 .07 
178.6 182.0 .01 
159.7 182.0 .13 
199.2 129.0 ..• Oll .. 
357.G 123.0 o61 
374.6 477.0 .12 
338.6 351.0 .15 
309.9 287.0 .01 



!: 
0 

~~-----------------·------------SJ.A T I-S-:f.-1-G-A-b.- SUMMAR-'lL--

FlOW POINT = PASSUMPSIC R. AT PASSUMPSIC WATER YEAR = 1970 

---------------~-~----------- -- 1-S~-HOMEN-t:-------------------- ----------RUCE-W.T------ ---- ·----
SIMULATED OBSERVED <SIM MEAN PERCENT <SIM)-1ST MAXIMUM STANDARD STANDARD CORREL. 

~-----MUN.---·~·-·""o.as..~e;.JUJ-)-... ---il-IAS . -t40.1:1ENT-t.0-6S-l---- ... .£RQ.O.R------ £-l(..RO.R---·-····--·ER.ROR .. - -- .. COEEF. 

BEST FIT LIN£ 
OBS = A + B •SIM 

A B 
ooooooeeoeeoooooooeooeooeeoeeeoGee•oooeooeoeo•••••••••••eeooooooooaoeoooooooliloooooooooooooeoooooo•ooooooooooeooooooooooo 

OCTOBER 289.894 285.G32 4.862 1.706 -1.808 -213.644 77.716 27.266 
--~-R-----W-3-8-.-7..J.7---- --1-0-4-2-...1-33------···2-%-.-ll-D-4------ - 26 .. 3-a-i'---- ... 4-75 2290-..37--7-.... 244 ... 258- - .. 23-..425-

OECEMBER 629.143 643.774 -14.631 -2.273 -.536 -686.921 151.935 23.E01 
--.J.A..f>UJ.AJU'~--- .2-S-1. 4-0.-2-----3.4-4..-19.4----- ,,_f) 2 • 7-.92-· ". "" 18 .. 2-4 3, .......... .. .2-2-4---=U1.6.4.3 ----- 27 .. 735. ....... -- .8 ... 058 ... 

FEBRUARY ·482.103 519.286 -37,183 -7.160 -.226 319.342 74.383 14.324 
-M-~--------..J.Q-1-.. ~--..3-8-~5--.. -----"'-1}().~273 ---.21.-0-17-

APR!L 2588.381 2739.333 -150.952 -5.511 
.... 315 ...,2-l?.-2-91- 4-2.627- 11 .• 161 

.617 -1263.586 470.774 17.186 
~---- .,1..5-.1-9--ll-7-3----~-5~.3.\)..;i ---259.7-2-4-- 2.!}.624 -.94.0-. 915.699- 135.101- 10.728 
JUNE 393.293 439.300 -46.007 -10.473 .740 -339.266 134.032 23.681 

-.J.m.-¥--------· ·· ----3-1--4-.-iG-0--·-~··434--. - ---~~ ... -67-6-----.. 2.Z..-'H-2- -...,1-96 186 .. 3.~--· 68.122 26.457 
AUGUST 211.397 179.677 31.720 17.654 1.041 356.845 75.440 ~1.986 

~+E-M~-·-- --2-S+-,...8-8-6-----·2-.0.-5 .. 833-----·· - S-2.C4-9 ------ 25~ 287- ,,.,4-34 323.91(). 70.072 34.043 

.843 
.... 919 

• 938 
•. 931 
.931 
.914 
.970 
.977 
.917 
.922 
• 736 
.502 

-111.944 
.275.718 
-2It6.254 

-72.18lt 
161.923 

5.631 
328.618 
180.321 

75.874 
-6.955 
65.805 
96.790 

1.369 
.573 

1.415 
1.460 

.741 
1.2'+7 

.931 

.710 

.924 

.842 
.539 
• 423 

eoooeoooooe~ 11 &eoeoeoeooeoeoeo-ooooaooeoeeooooeoooooooeoooeooeoooooooaool!loctooooooooooooooooeooeooeooeooooooooooooooooooooe 

-WA-l-E-R--.'i.f-A-R-- ..... 7-1-4 .... 5.11---- 6.8-3.....3-5-!!l-- - - --- u~~i-52- - 3 .. 799- .......... 5-1-6 229l} ... 377 . 249.768 36.265 .964 37.101 .911 
GOOGGIIOOOOOOGIIIOOOQGOOOOOOOOOOOOOOOOOOOOOo000000001108000008080800000000000000CIOOOOOOQOCi!l0880000000060000100800000$0000000808 
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INTERVAl OBSERVED MtA~ MEAN BIAS 
PERCENT 

~HAS 

PERCENT 
MAXIMU~ . STANDARD STANDARD 

ERROR ERROR ERROR 

266.212 ••• "'-'~-

CORREL. 
COEFF 

BEST FIT LINE 
OBS = A + B •SIM 

A B 
--o-..o-:.-+4-0-0-...._<0 . ....,.·.0-~.0-+ e o.-o-e. ·• .a ... o.-• ·• G •· • e -o o o o-.o o ..o e • e e. o o e. e o e. o -& o • .. •~ 4 •· e o .o o o o ,o. e o o • o o o o o • o o • • o o • • o o o o • o o o e e ~ o o G a o o o o o o • o o o o • • o o e s o o • o o o o e 

·:------..rl-__,.. ______ .. 8. ----NO. .. .OSSERVEll F LO.W-. I N--IH IS. IN T E R.VAL 
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FLOWPOINT = PASSUMPSIC R. AT PASSUMPSIC WATER YEARS 1964 TO 1971 

-----·--------.. -------------------··-1H*S.--·- ---------- iS+- MOMENT-- ·-- ----- -- PERCENT 
SIMULATED OBSERVED (SIM MEAN PERCENT (SIMl-1ST MAXIMUM ST~NDARD STANDARD 

----t>40N.f-#-----~----M€-A-N--·~--Me--AN,------·BI-A-S--- -140-MENT (.QBS-~ ---- ERRO~ ---------ERR-OR------- ERROR 
CORREL. 

GOEFF 

BEST FIT LINE 
OBS = A + 6 •SIM 

A B 
••••••••••••••••••••• 0 •••••••••••• 0 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 
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--N-0\1-E~------ -94~-74-----9-8-1:-.-9-04-- ----3-8-.-8-2-5·- -6.-672 .. - -.-2Tl- -U~O. 377 - 2(}~ .. 737 
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32.260 
--36.043 

34.848 
- -26.247 

30.764 
- 36.~73 

31.665 
27.57-:J 
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31.999 
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19.611 
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363. 68D 
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49.302 

-56.066 

1.C14 
.663 
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• 812 
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.875 
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.727 
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APPENDIX E 

OPTIMIZATION PROGRAM WITH SNOW -- INPUT AND OUTPUT SAMPLES 

E~l OPTIMIZATION PROGRAM WITH SNOW - INPUT SUMMARY 

Ee2 SAMPLE INPUT AND OUTPUT FOR OPTIMIZATION PROGRAM 
WITH SNOW - OPTIMIZATION MODE 

E.~ SAMPLE INPUT AND OUTPUT FOR OPTIMIZATION PROGRAM 
WITH SNOW - SENSITIVITY MODE 
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Eel OPTIMIZATION PROGRAM WITH SNOW - I~PUT SUMMARY 

******************~***********************************·**********f:*************** 
******************************************************************************** 
C NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM <OPTIMIZATION> 
C <SENSITIVITY> 
C INPUT SUMMARY 
******************************************************************************** 
*CARD NO. FORMAT CONTENTS 
.***************************************~**********~***************************** 

C 1 I5 TAPE NO. OF PRECIPITATION TAPE 
C 15 TAPE NO. OF PE TAPE 
C I5 TAPE NO. OF TEMPERATURE TAPECSAME AS PE IF NO TEMP DATA> 
C 15 TAPE NO. OF MEAN DAILY FLOW TAPE 
C 15 ·TAPE NO. OF SIX HOUR FLOWSCSAME AS DAILY IF NO 6 FLOW DATA) 
******************************************************************************** 
C 2 15 NO. RECORD SKIPS FOR TAPE WHICH HAS PRECe DATA 
C .!5 ,NOe RECORD SKIPS FOR TAPE WHICH HAS PE DATA 
C !5 NO. RECORD SKIPS FOR TAPE WHICH HAS TEMPe DATA 
C 15 NO. RECORD SKIPS FOR TAPE WHICH HAS DAILY FLOW DATA 
C !5 NO. RECORD SKIPS FOR TAPE WHICH HAS SIXHR FLOW DATA 
C ****NOTE**** IF MORE THAN ONE TYPE OF DATA ARE ON A lAPEt ONLY 
C INDICATE NUMBER OF RECORD SKIPS FOR THE FIRST TYPE OF 
C DATA ON THAT TAPE 
******************************************************************************** 
c 
c 
c 
c 
c 

3 I5 
I5 
I5 
I5 
15 

NO. OF MBP AREAS ON INPUT TAPE 
NO. OF PE STATIONS ON TAPE 
PUNCH ZERO IN COLUMN 15 
NO. OF MEAN DAILY FLOW-POINTS ON TAPE 
NO. OF SIX HOUR FLOW-POINTS ON TAPE 

******************************************************************************** 
c 
c 
c 
c 
c 

4 I5 
I5 
15 
I5 

NO. OF MBP AREAS USED CNGAGES) 
NO. OF PE STATIONS USED CNPEGS) 
PUNCH ONE IN COLUMN 15 
NOo OF STREAM-FLOW POINTS USED CNPTS) OR 
NO OF UPSTREAM INFLOW POINTS NEEDED <WHICHEVER IS GREATER> 

******************************************************************************** 
C 5 5I5 IDENTIFIES THE MBP AREAS ON TAPE TO BE USED IN THE RUN 
C ALSO DEFINE5 THE PRECIPe AREA ORDER FOR THE RUN 
C 1 TO NGAGES VALUES ARE NEEDED 
C E.G. 5 MBP AREAS ON TAPEtCNGAGES=2> CARD 5t lt4 
C THEN THE 1 ST GAGE ON TAPE WILL BE GAGE 1 FOR RUN 
C 4 TH GAGE ON TAPE WILL BE GAGE 2 FOR RUN 
******************************************************************************** 
C 6 5!5 SAME AS CARD 5 ONLY FOR PE STATIONS 
******************************************************************************** 
C 7 215 IPEACl>=l , IPEAC2)=1 WHEN ONE PE STATION IS USED 
C IPEA<l>=l ' IPEAC2)=2 WHEN TWO PE STATIONS ARE USED 
******************************************************************************** 
C 8 I5 PUNCH ZERO IN COLUMN 5 
******************************************************************************** 
C 9 2I5 SAME AS CARD 7 ONLY FOR TEMPERATURE STATIONS 
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C <INCLUDE ITAAC1l=l,ITAAC2>=1 EVEN IF NO STA) 
******************************************************************************** 
C 10 515 SAME AS CARD 5 ONLY.FOR DAILY Q 

******************************************************************************** 
C 11 515 SAMt'AS CARD 5 ONLY FOR 6-HR Q . 1 

********************************************************************************' 
C 12 I 5 NUMBER OF MONTHS '!=OR THE RUN (MAX I MUM OF 50) 
C !5 BEGINNING YEAR FOR THE RUN<4DIGITS) FIRST DAY OF 
C IS BEGINNING MONTH FOR THE RUN BUFFER PERIOD 
C 15 CALANDER DAY NUMBER FOR THE ·RUN DEFINES THE START 
C <BASED ON A 365 DAY YEAR> OF THE RUN 
C IS =1 SNOW IS INCLUDED, =0 NO SNOW 
******************************************************************************** 
C 13 8Fl0s4 LAND PARAMETERS 
C MODe STANFORD WATERSHED MODEL 
C AtEPXMtUZSNtLZSNtCBtPOWERtCC 
*************************************************************·************·** ... ·*§* 
C 14 2F10e4 AREA OF AREA(l)t AREA OF AREA(2) 
****************************************************************************·**·** 
C 15 8Fl0e4 LAND PARAMETERS Kl FOR EACH AREA() 
******************************************************************************** 
C 16 2Fl0e4 LAND PARAMETERS 
C K24LtK3 
******************************************************************************** 
C 17 F5e3 UPPER LIMIT OF E CURVE CEHIGH) 
C F5e3 LOWER LIMIT OF E CURVE (ELOW> 
C I5 CALANDER DAY NUMBER WHEN E CURVE REACHES 
C EHIGH (lf JUNE 1 NEP=152) 
C 15 NO DAYS E CURVE REMAINS AT EHIGH CMINUS ONE) 
C CIF JUNE 1 TO JULY 3lt NOUR=212-1~2=60 ) 
C F5o3 LAND PARAMETER K24EL 
******************************************************************************** 
C 18 2Fl0o4 CONSTANT TIMES PE CPEAOJ) FOR AREAS 1 AND 2 
C NOTEoeWHEN TWO AREAS ARE USEDt PEAOJ MUST BE THE 
C SAME FOR BOTH AREAS AS THE PROGRAM IS CURRENTLY 
C WRITTEN, UNLESS EACH AREA USES A SEPARATE PE STATION 
****************************************************~************************'*** 
C 19 5Fl0e4 TIMING PARAMETERS 
C S~C1t OVERLAND FLOW <ONE HR) 
C L I RC6, I NTERFL.OW C SIX HR) 
C LKK6t GROUNDWATER CSIX HR> 
C KV 
C KGS 
******************************************************************************** 
C 20 8Fl0e4 SOIL MOISTURE INITIAL CONDITIONS 
C UZSI tLZSI tSGWI tGWSI tRESI tSRGI tSCEPI 
******************************************************************************** 
**************:****************************************************************** 
******************************************************************************** 
******NOTE********* THE FOLLOWING 200 SERIES CARDS ARE NEEDED IF SNOW IS 
C INCLUDED. DO NOT PUT IN OTHERWISE. ************************ · 
** ********************************************************************-****'**iHHt* 
*************************************~****************************************** 
C 201 15 PUNCH 1 IN COlUMN 5 



******************************************************************************** 
c 202 
c 

15 
I5 

NUMBER OF MAT AREAS USED IN THIS RUN CNTAGl 
NUMBER OF AREAS WITH OBSERVED WATER-EQUIVALENT CNWEG) 

******************************************************************************** 
C 203 !5 NUMBER OF MAT AREAS ON INPUT TAPE 
C !5 NUMBER OF OBS. AREAL WATER-EQUIVALENTS ON INPUT TAPE 
******************************************************************************** 
C 204 5A4 NAME OF MAT AREA 
C F10e0 MEAN ELEVATION OF MAT AREA IN FEET 
C 4F5e1 AIR TEMPERATURE LAPSE RATES FOR MID-6AMt6AM-NOONt 
C NOON-6PMt6PM-MID. DEG. F/1000 FTe ELEVe CHANGE 
C NOTE •• REPEAT THIS CARD FOR EACH MAT AREA. CARD ORDER 
c· DEFINES MAT ORDER NUMBER FOR THIS RUNe 
******************************************************************************** 
C 205 1615 IDENTIFIES THE MAT AREAS ON TAPE TO BE USED IN THIS RUN. 
C 1 TO <NTAG> VALUES ARE NEEDED. 
C E.G. 5 MBT AREAS ON TAPE, NTAG=2 t CARD 205 = 4t2 
C THEN THE 4 TH MAT RECORD ON TAPE IS THE TEMPERATURE 
C DATA FOR THE 1 ST MAT AREA. 
C 2 ND MAT RECORD ON TAPE IS THE TEMPERATURE 
C DATA FOR THE 2 NO MAT AREA. 
******************************************************************************** 
C 206 16I5 ASSOCIATES MAT AREAS TO MBP AREAS 
C 1 TO <NGAGES> VALUES ARE NEEDED 
C E.G. CNGAGES)=3t CNTAG)=2t CARD 206=2tltl 
C THEN THE 1 ST PRECIP AREA WILL USE AIR TEMPERATURE 
C FROM MAT AREA N0.2 
C 2 ND PRECIP AREA WILL USE AIR TEMPERATURE 
C FROM MAT AREA NOel 
C 3 RD PRECIP AREA WILL USE AIR TEMPERATURE 
C FROM MAT AREA NOel 
******************************************************************************** 
C NOTE •• CARDS 207 THROUGH 209 ONLY NEEDED IF CNWEGoGT.O) 
******************************************************************************** 
C 207 5A4 NAME OF OBSERVED WATER-EQUIVALENT M~ASUREMENT AREA 
C NOTE •• REPEAT THIS CARD FOR EACH OBS. WATER-EQUIVALENT AREA 
C USED IN THIS RUN. CARD ORDER DEFINES ORDER NO. FOR RUNe 
******************************************************************************** 
C 208 16I5 SAME AS CARD 205 ONLY FOR OBSe WATER-EQUIVALENT AREAS. 
******************************************************************************** 
c 209 16!5 SAME AS CARD 206 ONLY FOR OBS. WATER-EQUIVALENT AREAS& 
******************************************************************************** 
******************************************************************************** 
C NOTE •• REPEAT CARDS 210•2llt212 FOR EACH MEAN BASIN PRECIPITATION AREA 
C USED IN THIS RUN CNGAGES> 
******************************************************************************** 
C 210 20X,F10.0 
C F5.2 
c 
c 
c 
c 
c 
c 

F5e2 

F5.4 
F5e4 
F5.4 

MEAN AREA ELEVATION IN FEET 
PERCENT/100 OF AREA OVER WHICH EVAPOTRANSPIRATION CAN TAKE 

WHEN THERE IS COMPLETE AREAL SNOW COVER <EFC) 
MULTIPLYING FACTOR TO CORRECT FOR GAGE CATCH DEFICIENCY 

IN THE CASE OF SNOWFALL• (SCF> 
MAXIMUM NON-RAIN MELT FACTOk OCCURS ON JUNE 21. CMFMAX( 
MINIMUM NON-RAIN MELT FACTOR OCCURS ON DEC. 21. (MFMIN) 
MAXIMUM NEGATtVE MELT FACTOR <NMF> 



c 
c 
c 
c 
c 
c 

NOTE •• UNITS FOR MELT FACTORS ARE INCHES/DEG.F/SIX HOURS 
F5.4 MEAN WIND FUNCTION VALUE DURING RAIN ON SNOW PERIODS 

UNITS ARE INCHES/INCH OF MERCURY IUADJl 
F5e1 AREAL WATER-EQUIVALENT !INCHES) ABOVE WHICH THERE IS 

ALWAYS COMPLETE AREAL SNOW COVER. ISil 
F5.2 DAILY MELT AT THE SNOW-SOIL INTERFACE IN INCHES. IDAYGM) 

************************~******************************************************* 
C 211 INITIAL VALUES OF SOME SNOW COVER VARIABLES. 
C 20X,F5.0 ANTECEDENT SNOW TEMP. INDEX IDEG. Fl IATil 
C F5.2 FREE WATER IN SNOW IN EXCESS OF THAT HELD AGAINST GRAVITY 
C DRAINAGE (INCHES l 
C F5.2 POINT SB ON AREAL DEPLETION CURVE IINCHFSI 
C F~ 8 2 PERCENT/100 AREAL SNOW COVFR AT POINT SR. 
C F5~2 POINT SBWS ON AREAL DEPLETION CURVE !INCHES) 
C NOTE •• SEE CHAP •. 3 FOR FURTHER EXPLANATION OF THESE INITIAL VALUES. 
************~******************************************************************* 
c 212 
c 
c 
c 
c 
c 
c 

INITIAL VALUES OF MAJOR SNOW COVER VARIABLES 
20X,F5.2 INITIAL WATER-EQUIVALENT OF SOLID PORTION OF THE 

SNOWPACK. IINCHESl 
F5.2 .INITIAL NEGATIVE HEAT STORAGE !INCHES) 
F5.2 INITIA~ AMOUNT OF FREE WATER HELD AGAINST GRAVITY 

DRAINAGE !INCHES). MAXIMUM EQUALS PERCENT LIQUID 
WATER HOLDING CAPACITY TIMES INITIAL WATER-EQUIVALENT. 

******************************************************************************** 
C NOTE •• CAPD 213 AND 214 PARAMETERS ARE THE SAMF FOR ALL AREAS IN NWSRFS3 
******************************************************************************** 
c 21:3 
( 

c 
c 
c 
c 
c 
c 

20X,F5.0 
F5.0 

F5.2 

F5.2 

MELT FACTOR BASE TDI\PERATURE ( DEG .. F) ( MBASE l 
TEMPERATURE IDFG. Fl TO DIVIDE RAIN FROM SNOW IPXTEMP) 

IF AIR TEMPERATURE GREATER,THEN RAIN 
IF AlR TEMPERATURE LESS THAN OR EQUAL,THEN SNOW 

PERCENT/100 LIQUID WATER HOLDING CAPACITY IPLWHC) 
MAXIMUM AMOUNT OF FREE_WATER HELD AGAINST GRAVITY. 

ANTECEDENT SNOW TEMP. INDEX PARAMETER ITIPM) 
!.GE.O.O --.LE.l.Ol 

******************************************************************************** 
C ?14 20X,9F5.? 
c 
c 
c 
( 

c 

AR~AL SNOW COVER DEPLETION CURVE 
PERCFNT/100 AR~AL FXTENT OF SNOW COVEP AT 
WATER ~QUIVALENT/AI RATIOS OF O.J ,o.z,o.3,Q.4,o.5, 

0.6,Q.7,o.s,o.9 !SEE SECTION 3.3.3 FOR DEFINITION 
OF Ail FOP RATIO=O.O AREAL COVER=Oe05 

RATIO=l.O ARE~L COVER=l.OO 
******************************************************************************** 
******************************************************************************** 
****************************************************************************~*** 
c 2] 
c I 5 
c I~:. 

c 
(" I 5 
c I 5 
c 
c I 5 
c 
c I 5 

PARAMETERS FOR OPTIMIZATION OR SENSITIVITY ROUTINE 
NDAY=NUMRER OF DAYS IN RUN 150 MONTHS IS MAXIMUM) 
IBUF=NU~~BER OF DAYS IN P-UFFER PERIOD !USUALLY T\..110 MONTH'S) 

!ADD OR DELETE BY WHOLE MONTHS) 
NUMA= NO OF PARAMETERS TO RE CONSIDERED 
NPER IF=l DDELTAIIl MUST REIN PERCENT/100 

IF=O DDELTAIII MUST RE AN ABSOLUTE VALU~ 
KC= MAXIMUM NUMRER OF RESOLUTIONS BEFORE OPTIMIZATION 

IS TFRfv11NATE[i 
MAXN= MAXIMUM NUMBER OF RUNS REFORE OPTIMIZATION IS 
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C ABORTED CMAXN OVER-RIDES KC) 
C I5 MAXIN=3 
'******************************************************************************** 
c . 22 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1615 PARAMETERS TO~BE OPTIMIZED OR USED IN SENSITIVITY ANALYSIS SEE 
PARMC > ARRAY BELOW FOR PARAMETER NUMBERS <E.G. CB IS NO@ 3) 

PARMCl) =UZSN 
PARMC2) =LZSN 
PARMC3) =CB 
PARMC4) =POWER 
PAR~C5) =CC 
PARMC6) =KV 
PARMC7> =KGS 
PARM<S> =K24EL 
PARMC9) =A 
PARMC10l=K24L 
PARMCll)=EPXM 
PARMC12>=K1Cl) 
PARMC13>=K1C2) 
PARMC14)=PEADJC1) 
PARMC15)=PEADJ(2) 

PARM(16)=K3 PARMC3l)=NMFC1) 
PARMC17)=SRC1 PARMC32)=NMFC2> 
PARMC18>=LIRC6 PARMC33>=UADJC1) 
PARMC19l=LKK6 PARMC34)=UADJC2) 
PARMC20)=CSSR PARM<35>=NOT USED 
PARMC21J=HWARP PARMC36)=NOT USED 
PARMC22)=VWARP PARMC37l=SIC1) 
PARMC23>=NOT USED PARMC38)=SIC2> 
PARMC24)=NOT USED, PARMC39)=DAYGMC1) 
PARMC25>=SCF(l) PARMC40>=DAYGMC2) 
PARMC26l=SCFC2> PARMC4l)=PLWHC 
PARMC27l=MFMAXC1) PARMC47>=EHIGH 
PARMC28>=MFMAXC2) PARMC48l=ELOW 
PARMC29)=MFMINC1) PARMC49)=NEP 
PARMC30>=MFMINC2) . PARMC50>=NDUR 

NOTEeoSUBSCRIPTS AFTER SNOW PARAMETER NAMES INDICATED 
SUBAREA 1 AND 2o SEE SECTION 4o4ol OF WRITE-UP. 

C THE MAXIMUM NUMBER OF PARAMETERS THAT CAN BE OPTIMIZED IS ~6 

C THE MAXIMUM NUMBER OF PARAMETERS THAT CAN BE CONSIDERED FOR 
C SENSITIVITY ANALYSIS IS 50 
C THE ORDER OF THE PARAMETER NUMBERS IS NOT FIXED 
C EXCEPT 
c ****** 
C lHE E CURVE PARAMETERS, IF CONSIDERED~ MUST BE LAST AND 
C ORDERED FROM LOW PARAMETER NUMBER TO HIGH PARAMETER 
C NUMBER (47,48,49,50) 
C REPEAT THIS CARD IF NUMA GT 16 
****************************~*************************************************** 
c 23 
c 
c 
c 

2I5 NEPDEL IS THE FIXED SIZE DELTA FOR PARAMETER NEP CIN DAYS> 
NDURDEL IS THE FIXED SIZE DELTA FOR PARAMETER NDUR <IN DAYS> 

<IF NEP AND NDUR ARE NOT TO BE OPTIMIZED 
STILL INCLUDE THIS CARD> 

******************************************************************************** 
c 24 
c 
c 
c 

!5 NUMBER OF PERIODS TO BE REMOVED FROM CALCULATING 
THE VALUE OF THE OPTIMIZATION CRITERION--EXCLUDING 
THE BUFFER PERIOD. FROM ZEROCO> TO A MAXIMUM OF 

TEN(10) PERIODS 
******************************************************************************** 
C 25 IF OUTPER=O THIS CARD IS NOT NEEDED 
C 3!5 MONTH-DAY-YEARCFOUR DIGITS) STOP CALe CRITERION 
C 3I5 MONTH-DAY-YEAR BEGIN CALe CRITERION 
c 
C REPEAT THIS CARD FOR EACH PERIOD TO BE DROPPED 
******************************************************************************** 
c 258 
c 
c 

15 ISENSE=O NO SENSITIVITY ANALYSIS WE THEREFORE ARE 
IN THE OPTIMIZATION MODE CIF ISENSE=O THE 
MAX VALUE FOR NUMA IS 16) 
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=1 SENSITIVITY ANALYSIS CMAX VALUE FOR 
NUMA IS 50 > 

c 
c 
c 
******************************************************************************** 
C 25C IF ISENSE=O THIS CARD IS NOT NEEDED 
C 16I5 NUMBER OF + AND/OR - PERTUBATIONS FOR EACH PARAMETER 
C <8 IS MAXIMUM> 
C REPEAT THIS CARD IF NUMA GT 16 
******************************************************************************** 
C 25D IF ISENSE=O THIS CARD IS NOT NEEDED 
C 8F10.4 PERTUBATION VALUES FOR EACH PARAMETER 
c 
C REPEAT THIS CARD FOR,EACH OF THE NUMA PARAMETERS. 
******************************************************************************** 
( 
c 26 
c 

IF ISENSE=l THIS CARD IS NOT NEEDED 
DDELTACI) WHEN NPER=l DELTA<Il=ABSCDDELTACI>*PARAMETERCI)) 

NPER=l DELTACI>=DOELTACI) 
c <IF MORE THAN 8 PARAMETERS IN OPT REPEAT CARD> 
******************************************************************************** 
c 
c 27 8Fl0e4 

IF ISENSE=l THIS CARD IS NOT NEEDED 
CHECKL<I>= LOWER CONSTRAINT ON PARAMETER(!) 

c <IF MORE THAN 8 PARAMETERS IN OPT REPEAT CARD> 
******************************************************************************** 
c 
c 28 8Fl0e4 

IF ISENSE=l THIS CARD IS NOT NEEDED 
CHECKH<I>= UPPER CONSTRAINT ON PARAMETER(!) 

c <IF MORE THAN 8 PARAMETERS IN.OPT REPEAT CARD> 
******************************************************************************** 
c 
C 28B 
c 

Fl0e5 
IF ISENSE=1 THIS CARD IS NOT NEEDED 
PCENTOT= PERCENT/100 CRITERION MUST AT LEAST CHANGE 

IN KSTOP TRIALS OR ANALYSIS IS STOPPED 
c KSTOP <SEE ABOVE) 
********~*********************************************************************** 
C 29 215 NUMBER OF NON ZERO ORDINATES IN THE CHANNEL 

15 

C DELAY HISTOGRAM FOR EACH AREA. <SIX HOUR INTERVALS) 
******************************************************************************** 
C 30 215 FIXED LAG <IN HOURS> FOR EACH AREAC)eSEE CARDS 29,32• 
C 32A.THE UPSTREAM AREA<> FIXED LAG TRANSLATES ITS 
C HISTOGRAM TO THE DOWNSTREAM FLOW POINT. THE DOWNSTREAM 
C AREA<> HAS A FIXED LAG .OF 0 
******************************************************************************** 

31 I5 INWARP=O THEN THE CHANNEL DELAY HISTOGRAM WILL NOT BE 
MODIFIED DURING THE OPTIMIZATION OR SENITIVITY ANALYSIS 

.GT. 0 THEN VERTICAL AND HORIZONTAL WARPING OF 
THE HISTOGRAM WILL BE DONE DURING OPTIMIZATION 
OR SENITIVITY 

c 
c 
c 
c 
c 
c 
C 15 NOWARP= SEQUENCE NUMBER FOR HWARP PARAMETER. IF 
C HWARP PARAMETER NUMBER IS TH 5 TH NUMBER ON CARD 22 
C THEN NOWARP=5• CVWARP PARAMETER NUMBER MUST ALWAYS 
C FOLLOW HWARP PARAMETER NUMBER ON CARD 22• IF VWARP IS USED.) 
******************************************************************************** 
c 
c 
c 

32 
20F4.4 

IF INWARP=O THIS CARD IS NOT NEEDED 
G(I) TWO HOUR INSTANTANEOUS ORDINATES OF THE MODIFIED 

CHANNEL DELAY HISTOGRAM. THESE ORDINATES COME 
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c 
c 
c 
c 
c 
c 

NOTE-- THE 2 HR 
HISTOGRAM IS FOR 
THE TOTAL AREA. IF 

FROM A CONTINUOUS CURVE FITTED TO THE ORIGINAL 
6 HOUR DELAY H~STOGRAMo GCll SHOUln EQUAL 0 

TWO AREAS ARE ANALYZED 
COMBINE THEIR HISTOGRAMS 

C <READ IN CNELEMC1>+NELEMC2>l*3+1 G(I> ORDINATES 
C IF MORE THAN 20 REPEAT THIS CARD) 
******************************************************************************** 
C 32A IF INWARP = 0 THIS .CARD IS NEEDED 
C 20F4e4 DIMENSIONALESS ORDINATES OF THE CHANNEL DEL·AY 
C HISTOGRAM FOR AREA ONE -- SIX HOUR INTERVALS 
C <REPEAT IF TWO AREAS. BE SURE 
C HISTClti)+HIST(2,J) ORDINATES EQUAL loOl 
******************************************************************************** 
******************************************************************************** 
c 32B 15 VARL= 0 IF VARIABLE LAG IS NOT REQUESTED 
c = 1 IF VARIABLE LAG IS REQUESTED 
c I5 VARK= 0 IF VARIABLE K IS NOT REQUESTED 
c = 1 IF VARIABLE K IS REQUESTED 
c 15 LOCAL= 0 HEADWATER OPTIMIZATION 
c = 1 OR 2 LOCAL AREA OPTIMIZATION (LAND PARM) 
c LOCAL= 3 LOCAL AREA OPTIMIZATION OF JUST CHANNEL PARM 
c <OPTION 3 IS NOT PROGRAMED AS YET> 
c I5 NHWA IS THE NUMBER OF UPSTREAM INFLOWS WHEN RUNNING 
c UNDER LOCAL= 1 OR 2 
******************************************************************************** 
c 33 
c 
c 

415 IF LOCAL= 0 THIS CARD IS NOT NEEDED 
FIXED LAG CIN HOURS> FOR EACH UPSTREAM INFlOW 
WHEN RUNNING UNDER LOCAL= 1 OR 2 

******************************************************************************** 
C 34 F4.4 FUNCTION OF CONSTANT K ROUTING FACTOR 
C CSSR= CK-3)/(K+3) 
******************************************************************************** 
C 35 I5 IF VARL= 0 THIS CARD IS NOT NEEDED 
C NUMBER OF LAG VS Q POINTS TO DEFINE CURVE <MAX=l5) 
******************************************************************************** 
C 36 8Fl0e2 IF VARL= 0 THIS CARD IS NOT NEEDED 
C FLOW VALUES DEFINING THE ABSCISSA OF THE 
C LAG VS Q CURVE <FROM LOW TO HIGH Q AND FQLAG(l) 
C USUALLY EQUALS OoO) 
C REPEAT CARD IF NVL GT 8 
******************************************************************************** 
C 37 8Fl0o2 IF VARL= 0 THIS CARD IS NOT NEEDED 
( LAG VALUES (IN HOURS) DEFINING THE ORDINATE OF 
C THE LAG VS Q CURVE. THEY MUST CORRESPOND TO THE 
C ABOVE FQLAGC ) VALUES 
C CALCULATIONS USING VARIABLE LAG ARE BASED ON 
C LAGGING THE VOLUME OF FLOW IN THE INTERVAL 
C FQLAGCN) TO FQLAG<N+l) BY VL!N+l) 
C <NOTE DIFFERENCE BETWEEN THIS AND NWSRFS4 ROUTINE) 
C LAG VALUE FOR HIGHEST DEFINED FLOW IS USED FOR 
C ALL FLOW ABOVE THAT DISCHARGE 
C REPEAT CARD IF NVL GT 8 



******************************************************************************** 
C 38-40 IF VARK= 0 THESE CARDS ARE NOT NEEDED 
C IF VARK= 1 SEE CARDS 35-37 FOR FORMAT DESCRIPTION 
c 
c 
c 
c 
c 
c 

CALCULATION USING K ARE BASED ON A LINEAR 
INTERPOLATION BETWEEN POINTS 

K VALUE FOR HIGHEST DEFINED FLOW IS USED FOR 
ALL FLOWS ABOVE THAT DISCHARGE 

(NOTE THIS ROUTINE IS THE SAME AS NWSRFS4 ROUTINE> 
******************************************************************************** 
C 41 8A10 HEADER CARD <USE COLS 2 THUR 80) 
******************************************************************************** 
******************************************************************************** 
C THE FOLLOWING SNOW INPUT CARD TELLS THE PROGRAM FOR WHICH MONTHS VALID 
C AIR TEMPERATURE DATA ARE AVAILABLE AND THUS WHICH MONTHS SNOW 
C COMPUTATIONS ARE TO BE MADE. =1 VALID DATA AVAILABLE 
C =0 AIR TEMPERATURE DATA IS MISSING 
********NOTE******** CARD 411 ONLY NEEDED IF SNOW IS INCLUDED 
******************************************************************************** 
c 411 50Il VALID AIR TEMP. INDICATOR FOR EACH MONTH INCLUD. BUFFER. 
******************************************************************************** 
******************************************************************************** 
C THE FOLLOWING SNOW INPUT CARD IS NEEDED FOR THE OPTIMIZATION PROGRAM 
C ONLY IF (NGAGES.GT.l) 
******************************************************************************** 
c 412 
c 
c 

9I5 PARM( ) NUMBERS OF AREA TWO PARAMETERS THAT SHOULD BE 
THE SAME AS AREA ONE PARAMETERS -- CAN ONLY USE 
PARM( ) NUMBERS 26t28,30,32,34t38,40 

******************************************************************************** 
******************************************************************************** 



Ee2 SAMPLE INPUT AND OUTPUT FOR OPTIMIZATION PROGRAM 
WITH SNOW - OPTIMIZATION MODE 

1 1 1 1 1 
368 0 0 0 0 

3 1 0 1 0 
2 1 1 1 
2 3 
1 
1 1 
0 
1 2 
1 
0 

50 1967 8 213 1 
.05 e20 .25 5.0 .30 3.0 Oo9 

218. 218. 
1.0 1.0 
o.o e30 

1.0 o.o 166 92 .25 
leO 1.0 

.9 .1 .004 .55 .99 
o.o 5.0 1·5 .95 o.o o.o o.o 

1 
2 0 
3 0 

PASSUMPSIC R. MAT-L 1060. -1.5 -2.7 -3.9 -2.7 
PASSUMPSIC R. MAT-H 1740. -1.5 -2.7 -3.9 -2.7 

2 3 
1 2 

PASSUMPSIC RIVER-L 1060. .50 1.3 .018 .007 .005 o036 3e0 o01 
PASSUMPSIC RIVER-L 32. o.o o.o o.o o.o 
PASSUMPSIC RIVER-L o.o o.o o.o 
PASSUMPSIC RIVER-H 1740. .90 1.3 .018 .007 .005 .036 4.5 .01 
PASSUMPSIC RIVER-H 32. o.o o.o o.o o.o 
PASSUMPSIC RIVER-H o.o o.o o.o 
BASINWIDE PARAMETERS 32. 33. .03 .50 
AREAL DEPLETION .24 .39 .52 .64 .75 .82 .88 .92 .96 

1522 61 11 1 3 125 3 
1 2 3 25 26 27 29 31 33 37 38 
1 1 
1 
3 25 1969 5 19 1969 
0 

o04 .01 .04 .02 .02 o02 .05 
.03 .02 .02 
.20 3.0 .20 1. 0 1.0 e015 .oo3 
.02 2.0 3o0 
.40 7.0 .40 1.5 1.5 .025 .010 
el5 6.0 10.0 
·1 0 3 

2 1 

.05 

e002 

.oo8 



0 12 
0 

e10 e40 
.so 

0 0 
.5 

0 0 

PASSUMPSIC RIVER AT PASSUMPSIC,VT.--SAMPLE OUTPUT OPTIMIZATION PROGRAM-W/SNOW 
00011111110000011111110000111111110000011111110000 

28 30 32 34 40 
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~ 

' t-' 
liJ 

RG 
1 
2 

TA GAGE 
PASSUMPSIC R. MAT-l 
PASSUMPSIC R. MAT-H 

SNOW. PARAMETERS--CASE=! 

INPUT GAGES USED 

WE GAGE 

TA GAGE 
PASSUMPSIC R. MAT-L 
PASSUMPSIC R. MAT-H 

ELEV. PERIOD TA LAPSE RATES 

RG 
1 
2 

ELEV 
106£1. 
1740. 

EFC 
.50 
.90 

1060. -1.5 -2.7 -3.9 -2.7 
1740. -1.5 -2.7 -3.9 -2.7 

AREA SNOW PAR~METERS 

SCF MFMAX MFMIN NMF 
1.30 .f!18G .OJ7fi .GD5C 
1.30 .0180 .co7e .ucsc 

INTIAL SNOW VALUES 

UADJ 
• r 3oO 
.0360 

SI 
3.JO 
4.5il 

RG WE NEGHS LIQW STORL\GE SB SBAESC SBWS TINOEX 
1 c.co O.OCJ a.uoo o.ooo o.ooo o.ooa 
2 a.co o.uco a.cco o.uou o.ocu (i • c !.H~ 

BASINWIDE PARAMETERS 

MELT-BASE 
32.0 

PX-TEMP 
33.0 

PLWHC 
.L3D 

AREAL DEPLETION CURVE 

TI-PARM 
.sor 

WE/AI 0.0 .1 .2 
.39 AESC .05 .2~ 

.3 
.52 

.4 
.64 

O.OU!l 32. 
;J.QQO 32. 

.5 
.75 

.6 
.82 

DAYGM 
.GiO 
.010 

.7 
.88 

.8 
• 92 

.9 
··96 

1.0 
1.00 



----------~---------------------------·-----·· --·- --- -·-
PASSUMPSIC RIVER AT PASSUMPSIC,VT.·-SAMPLE OUTPUT OPTIMIZATION PROGRAM-W/SNOW 

···--------l-
,THE PER_IOD OF RECORD BEING ANALYZED IS FROH 8 19&7 THRU 9 1971 THE BUFFER PERIOD IS THE FIRST &1 DAYS ····--· 

t -------------'---------'----------------------

---.---·-··-- -----.-~-- ·---· 
1 2 3 0 

__:~ ____ UZSlL ________ LZStL - ______ .CB-- PO.KER 
o2500 

0 
K112J 

1.0000 

5.0000 .3000 3.000(1 

0 0 0 
f»EAOJJ.U ____ PEAO.J (2) _______ .K3. 

1o0000 OoOOOO o3000 

0 
c_c-

o91JOO 

il 
SRC1 

• 9000 

PARA.METER 

0 
KV. 

.5500 

PARA~ETER 

0 
LIRC& 
• :1,.00 0 

VALUES 

0 
KGS 

• 99i)l) 

V,ALUES 

J 
LKK& 

' 

• 0 04(t 

PARAMETER VALUES 

4 5 ·& 0 7 Q '8 
__ ___s_I;.fJ1_L. ___ .S.C.ElZL .. .ltEMAXU.L _ M£11AJU 2.1 _ . _Hf.ttUH1). _ Mf..HI N < 2 l. _ N.Mf::UL .. 

• 01!5•). 1o300Q 1o300D o0180 o0180 o0070 o0070 

------------.---·-tn··----------------ii___ , o ------ ···o 

_______ S.lU_L ___ _:_s_I_l_Zl _OAYGMUJ .O~YGM(Z) 

3.0000 4.5000 .0100 .0100 

ll 
______ N..EE _______ NQI,IR ... _ _ ______ . 

166.0000 92.0000 

0 
PUIHC 
.0300 

PARAMETER VALUES 

0 
TOPM 

I 

0 
AK 

I 

PARAMETER VALUES 

a 
K24EL 
.2500 

0 
CSSR 

.5000 

0 
NMF_l2) 

.0050 

0 
AN 

I 

(i 

A 
.050!! 

0 
'iWARP 

1o01l00 

9 
UADJlll 

.03&0 

0 
RAIX 

I 

.lN.QT~ __ ~,a_QY..E .. lN!JM6E.RS C.ORRES!>ONQ TQ A I_ l S_UBSCR!PT NUMBERS I 

··--~--·-.- ·--·-···- --··- ---··· . ·--- -· 

0 0 0 
K24L EPXM K111l 

o.oooo .2000 1.0000 

0 0 0 
VWARP .FORESTl1) FORESTl2l 

1.0000 I I 

0 0 0 
UAOJI2l FUCOEF(1J FUCOEF12l, 

o03&W I I 

0 
SAIX 

I 

0 
EHIGH 

1.flCOO 

0 
ELOW 

o.oooo 

THE FOLLOWING PERIODS WILL BE REMOVED FROM CALCULATING THE VALUE FOR TH~ OPTIMIZATION CRITERION AND (MEAN Q , Rl 
. -----------·---· ···-· 

_T~E BUFFER PERIOD ( THE FIRST 61 DAYS DATE DAY NO. 
3 25 1969. TO _5_ 19. 190.9. _____ 603 _lQ __ o_sa__ 

------------------------------- ___ _llU.IB_I .. _____ $.J.QRA._GE_ V~LU_E~L 

_______ UZSl _____ J.ZSJ ______ SGWI 
0~0000 s.oooo 1.5000 

G.t\GE 
GAGE 

-----. ------·--·· 
FIXED LAG 

. 1 0 
2 12 

GWSl 
• 9500 

.10 0 0 

.5000 

RESI 
o.oooo 

• 4_0 0 0 

SRGXI 
o.ouoa 

SCEPI 
O.OOJJ 

CHANNEL DELAY HISTOGRAM 
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PAS$UHPSIC RIVER AT PASSUMPSIC,VT.--SAMPLE OUTPUT OPTIMIZATION PROGRAM-H/SNOW 

SURFACE RO 
_________________ .6 ... .10-'t 

NOA.V. _,J>fA.TER ... BALANCE .. QUANUTIES .. tFOR. RUN 1) 

INTERFLOW IMPERVIOUS RO . GROUNDWATER INTERCEPTION ACTJ ET LOSS 
.10.2.94......... . 8.&8·8 ___ ... &3.79.!L .. c. 39.493 84.810 

MEAN DAILY FLOWS (FOR RUN 1 BUFFER PER NOT INC> 

10.229 1&,952 9.928 74.051 42.940 86.742 

--------·--- -------- ______ I1E.A.N._ .o.AILL f.LO . .H.S ..... JE"OR .. .RUN.. 1 BUFFER. .~ER. .NOL INC) 
I· 

1 

____ .2.1l.LB.fL ____ 308&.!i.9 _____ . .215.70 __ !9.8 .... 96 28.!t .• 95. 364.26 
1298.99 599.28 424.10 384.14 . 383.83 344.84 

_______ ft2.!ta.a.IL ___ 4.23a4Z. __ 369.29 _ 346o0.8..._' __ .331.o.1.7. 1245e1Z. 
412.87 . 

! ____ Uf!..Jt.1. ___ _l.6_L .. 8L. _____ 4.92. ... 9.8.. .......... ___ 45 .. 1l. • .ZL ____ 5..44 .• .3 2 _ _. __ 4.19 .... 511 
1 330.88 328.96 403.89 336.83 314.81 304.12 

1
-----~:-:;---_z..s_tu_sJL. ___ 31.4.61... 5.~8 .. .51____ 3&.4.09 __ 323 ... 9,4_ 

______ Z.6L..ItL ____ .Z5..<i. •. &.IL ______ .2.52.. •. 5.8. 24.5 .... 92.. 23 9. 5S. 2 33 .•. 7 3 
I 208o87 764o95 2525,62 1114o77 784.42 551o03 
l-----!t!t.L .. U ____ .!t.1.9-" ... 9.~. ___ _!t.Z.:I .•. OJL. __ . 3..9_5_,_3.!L ....... ..: .. ~ 'l.9. .. u. ___ 3__& 1 .•. 3.9 ... __ 
I '. 321.28 

1!!1 , __ ___ll_3.....Q_2_ ___ 3.lt§.....J!L _____ 30.0 ...... 0 .. 4.... .2.93_ ... 62__ ___ .. 2.87 .•.. 48_______ 2 .. 81 .• 6.5, 
~ ! 255.62 251.2& 246.89 242.72 238.69 234.80 

l ____ ...lll.4& ____ u~ ... z'-t _____ zu .• .z.z. zJLa_.;u_, ____ zo5.~49 ___ 2oz •. n 
! 190.44 . 

·: _____ _jJ!Jt.t...?.1 ____ 1.!Hi !..llft. _____ .?..l9 ·-~-~-- ______ 3..?...§~~~ _ -~--g_s._~_ ._?_~ _____ a ~.Q., 2 9. ..... . 
213.12 209.85 20&.79 203.78 200.95 198.32 

! ___ _:_ ___ _1_8_h~2 ________ 1_8_ft_._2_1t_ .. __ j_IH~._:I.:2___ .18 O_,_!l2 _ _ __Hit.O 2 .1 76 • OLt 
190.44 

__ _168~-~~-------- 16_&_Ll2. ___ 16~_,_9!t _____ .1.Q3..o.1.L ___ 1.&.1.• 43 159 o 70 
164.38 155.72 152.62 150.61 148.69 155.07 

•--~-- .. U.~_c;tq__ __ 1_2.1ll..t_62_ ______ 22Jl5_,_§~-----~-9-~9L2A ... ~ ... -Z.Q.Z..1·ZZ. __ _j_99 ... 3 .. • .. 91l 
2865.50 

232.oa 
3411.07 
941 •. 25 

38(',32 
294.51 
31J.7.67i 

228.2.4 
567.44 

..... 35&.7'.8 1 

276.UJ 
231.06 
200.15. 

- __ 2 3 0 • p 2 --
195.8(1 
174.10 

157._96 
423.39 

1.89a .• 88 

---~_t_.j,_g_._u ___ :uz~_.llll_ 26!i1_.6_6__ ~ssz.6!L __ -~~.och27 _. 3g_81.49 2646'~25 
2711+.98 2652.69 3187.22 3850.29 3913.07. 4&44.49 3523.21 

___ Z.U..2.,.29 _____ i90.lo.1.9_ 1727._!?.9__ 171l.5.!9!L __ ?~2:1,.22 3850.32 _2810.52 
2865.50 
1511.l_t__6____1_3~.1 .. I9.. __ 1~19 .. ~ft3 _____ U!H .. i0.~-----1-.0.It 3 .• 50 
665.38 &37.25 596.32 501.34 458.37 

2199.65 ___ U21..J..It ______ 1.!HI5.22 ____ 9.0.7.98_ 19.7..50 
728.35 ' 

__ 94~_._55. _ .JH2.6.8 
428.11 870.28 
715.53 '648.!t6 

204.20 
338.93 
.578.0 5 

365.62 .. 
285.68 
298.01 

222.99 
509.13 
347 •. 04. 

27il.&3 
227.45 
197.60 

Z.Z.lto82. 
193.35 
172.19 

156.23 
602.78 

2133 •. U 

2616.15 
303().16 
255&.34 

81.2.09 
931.02 
595 •. 90 . 

__ __z_z_ft.Jl.8.... ___ 59...6 ... 22....._ ... &:t2 ... H ___ J'58.o_g_ __ ,_ .2.n •. 21t... HS:.iL 494.G_a 460.23 
837.00 744.73 700.39 731.52 659.59 1367.58 881.25 784.52 

__l~ _____ Q.3.1l . .a...6.~.-----f!ll..._!2JL_ ...... Q.Q1.t...9.1..._. _____ 9.Zu __ .g_z.._ ____ 6l0 .•. 17_ .............. 5 .. 91 .• 9JL 56.6.94 _ 
728.35 

____ _lLft.t...U. ___ __.__ __ iiltl.!09 ______ ?_1§~_2.L_ ----~97'.2L. 4.12.91t- __ 565._95 
803.28 576.25 515.51 448.03 451.23 400.05 

__ -~-n_.__u _____ 37 .. lt!O.S _____ .3!t1.._39_ _ 2JH~.S.._Q.___ 21:13.85'. .. 2.49, 42 
275.49 

522.ii9 
399.88 
249.73 

__ 3_02.13 ----~"l.! ... E'?5 ____ ?_~~..!..~-----· -~-9 ... h~_2__ ___ ~jJIS."--1_g__ __ 1.91 ..... &3 ___ 20_9o7Z 
169.99 134.73 123.03 109.95 103.17 97.13 158.6u 

_____ 6_?Jt.!_1!L _____ 277 "-aLt. __ -·-··- _?_0_8...!.~-~---- --~u_.49__ z~+7. 94 2_6_3. &~. 1(19 .39 
129.09 

414o90 
869.20 
"403 .82 

177:.07 
36i1.19 
152.18 

217.98 
9()8.96 
495.94 

352.37 
277.14 
285.39 

217.95 
468.38 
338 .• 02 

.. 
265.47 
223.98 
195.13 

240.46 
191).97 
170.32 

154.50 
874.21 

247p •. 94 

2891.82 
2671.70 
2020 o.U4 

765 •. 5ll 
1271.40 

550.57 

685.77 
854.87 
586.77 

364.14 
534.07 
556.30 

18&.10 
138.82 
143.65 

PREC. 
173.7&1 

198.554 

410.53 
549.90 
447.69 

343.98 
269.22 
275.81) 

213.20 
458.70 
329.48 

260.5& 
220.62 
192.75 

21Q, 63 
188.67 
192.75 

158.15 
1359.69 
312&.47 

2313.47 
·2380.42 
1728.40 

781.&2 
1535.32 

591.92 

1144.93 
877.5& 
887.39 

941.63 
588.30 
356.07 

281 .• 40 
277.37 
133.09 

___ t_~_?-~_i_?. ___ 11.?....!..!!..L ..... 137.4_~- ___ UQ!.~~L.. g8.56_ 139.20 298.08 141.59 113.75 92.72 
40&.73 821.~6 354.&9 255.41 238.17 221.59 204.72 171.92 160.48 154.78 

._ •. ~~~l5·:;:;:-",t.,.~.~O.J.1}(,. _..,,,M.?.7.·~~~--P~-~...?,.9 ______ :t,_c;t/!~_Q_Q. _____ Uh~t _____ !.§..'h .. Q5 ___ q_t6~~-P.,a ____ 1_!?:t,._&_3 _ .... U .. 1• .. 3.a 

P.E. AVAIL ET 
104.176 . 84.822 

104.176 86.744 

BALA~CE 
-.uoo 

-.ooo 



~ 
"' 

129.09 
· ________ .tza~_i_z__ ___ 10.9.._U _____ 1u ... _6.1. ___ .3 . .1.9 .•. 1.1 349.91 

250.18 210.20 182.83 176.54 170.82 
_____ ..z_z_z_,ZJL..:..._ill..__az___ .. 1.8..& .•. 2.4 . __ 1"61 .• 41 _ 253 •. 43 

238.09 

2D.2 •. 1l7 
161.41 
2 93.37 

--2...lli£!L ___ ~_fl, ~ ~--·--- .. 2.5 a-~-~-Q ____ '" ~2.?.h~;L __ .. . ?. o C;J .• ~-~- ___ _ _ _z o. 3 .•. J 3 _ 
205.08 199.55 194.65 190.18 185.96 181.86 

_________ 29_6_._('&._ ____ _2_8.3_~13 ....... 2.6.2 .... 5.5. . ... 2.7.3 ..• 2.9 ... -·-···29.6. 76 270 .• 67 
238.09 

_____ .2.~_llll .. 5.2. ___ ctas ... .a3 ___ u9.1_2. ··--·- 5.6 .. 9 •.. 57 ..... __ 54.5.n __ 
408.89 396.44 384.04 393.38 597.71 462.44 

__ _li9 .16 3.5...8.t.ll .... - .34.8._,_50 ______ U_9_,_1t.1. ____ 3..3JI...Jl.1..... 321 .• 80 
286.40 

---····-2.8.0 ..•... .3-'t. ... __ ._.2.]_ft •. 2.!t. -· 2.fL8._36 _____ - 2.& .. 3 ... 0..9.... 257 .• 53 
229.91 226.03 222.08 218.46 214.91 

--··-·-- .196l!.lt.~ ....... 19.~.68 . 191,,05 188.13.. .185.86 
173.03 

____ ..:.....J,H .• !LL .... _1§_9_,z_;L ____ .. 1.9.7. •. 44 10.5 .• 68.___ 193~93 
154.67 153.28 151.92 150.60 149.31 

·---____ 1_4.2. .• 10..._ - .. ..1.4 fJ. ·-·~ 8_ 13 9 • 8 9 
173.03 

138.82 137.81 

__ __ll3._......3..!t_ ____ u.z ._:n ..... 131 .•. 2 2 12 9 • 1 o 
122.03 120.65 119.21 117.91 

__1:d!u_U __ ~16...9..3JL ... .15.4~1!t.... 1.86.90 
265.00 

-----~5Jt~_7_9___ _ a ~tit: .7.1 
1427.01 1027.57 

- __ 4!l1.6 ... 5.1. ......... 3 8 64 .1.2 
265.00 

238.2 .. 3.... 227 .zo 
901.00 1226.43 

4474.3i. 433i.49 

128.21 
115.97 
3 .. 0.2.21. 

377.50 
2149.69 
41811.32 

__ ....Q.U.h.lt.§. ____ &.il9_3.._8_5 _____ .9...28.& .... 9~ 6294.52 5591.57 
5925.70 6078.29 5137.92 4833.16 4342.85 

·---·-···..6.1P-!?..H__ ~00.9. 73 .3229 ,32 270lt .94 2 338.26 
1180.03 

----·---~-~~-~Z. .. 21 ____ ... 98hH __ .10 09 e!H'_ 10 0 6. 71 82 3. 29 
430.74 394.09 426~06 827.06 1204.65 

. 635.70 518.46 488.10 628.41 483.97 -- ---ii-aa-:-o-3-·-·--- ---- ------,----- ·· ··· · 
2.~8e2.8. _ 21.6.!_1)9 . 200 olt2 
276.41 1480.56 1101.26 

.. 18.!!-.eU __ . _ .6.1.4 .•. .3.2 .. ..4.21,18 
1237.45 

887.10 . . 843.09 852.54 ----7st;:u·-----··s-9·2:·a-a·· -- ·543~32 
______ H_t_._Q_g_ ___ .... lt.Q.J>~} 4llt_o1JI 

281.40 
____ _2..li_o_ft.JL ____ ~.2.1!_8__(1___ 2_§.~_.10 

431.36 422.68 40Q.51t 
_______ lia.~.a...'t _____ ~.!t.D_._~~ _ .. 317 ,_!> 5 

281.'+0 
______ ?._lt_L_~----- 2.3hQ.?. _ _ 487.46 

212.14 205.39 198.83 
_______ .2].6._,6_~ ----396.38 367.68 

313.84 

255.66 
52 2. 7 8 
3!!1.28 

f?f?3.89 
507.95 
462.85 

2.51.03 
377.83 
3Q..9_._99 

356.85 
208.97 
320.75 

188.86 
'+53.88 
257.76 

1507.41 
478.01 
46~.94 

240.65 
356.85 
384.65 

283.95 
213.17 
311.03 

251.25 
211.57 
183.51 

1.92. 28 
148.il5 
1.36.74 

127 .• 43 
115.28 
541 .•. 2.1 

645.44 
3315.52 
4109.84 

4839.84 
3979.33 
2.148. 52. 

]62. 88 
2373.67 
. 3n .• 7&. 

209.00 
392.33 
385.99 

.1 ... 31.4._84 __ _ 
~39.28 
492.86 

295.22 
349.54 
337.91 

269.18 
186.38 
306.20 

__ _1j)_2~.9.4 ____ ... 31ll.t.9Z .. ____ _!tf+_hQ..!? ______ 8~3-~9_9_ .lt~ .. !:iO .!)~ ~481. 09 
1022.60 1182.79 97~.83 '392.51 122~.51 1aoa.52 
3097.26 1755.43 1392.96 1178.99 1025.07 916.37 . - ---- 313:84 ......... - . ·. . . ... . 
549.95 520.23 594.87 570.93 

-·--·-i2i4-~59 1727.77 1070.77 891.98 
54'+.91 524.21 505.44 488.67 --- -----3"95~-87 ___ -----·--------- ·--- -- - --. 
385.14 374.99 
3o~-~i7 298.70 

- 2~~_.17 . -~1_+_1:1_'!._97 

365.85 
292.9~ 
24?.04 

357.;:!3 
286.87 
24_1.26. 

217.19 
214 .• 95 217. ~5, .. 64~~·"~'~r--·-_j,_~7_'i .. t9 

548.41 
794.54 
't!3o19 

3~8.81 
281.37 
2.37.57 

716 . ...1.1. 

528.51 
724.14 
458.75 

341).57 
276.20 
234.')4 

2..'2.Q...J8 

311.07 
147.85 
197.0 3 

208,50 
177.75 
259.25 

388.81 
143.13 
321.59 

277.33 
202.16 
268.82 

lt .. 76 .•. 74. 45.3 ..• 88 
423.58 406.61 
3.14. •. 42. ..... 307.17. 

247.27 
20 8.5(} 
181.28 

1&u.67 
146.82 
135,56 

12.6.41 
113.88 
410 .• 78. 

471).05 
3476.18 
4467.42 

4654.61 
3878.04 
1795.84 

818.55 
1238.09 

337_.92 

16!1.53 
348.16 
522.02 

936.i5 
675.93 
391.92 

484.51 
469.79 
308.65 

260.19 
183.94 
359.48 

1973,]5 
889.30 
834.48 

510.61 
671.22 
444.56 

332.58 
271.27 
23ilo52 

242.80 
205.27 
179.09 

15.9.11 
145.52 
134.45 

125.13 
114.21 
3.2::1.77 

471.73 
4021.75 
6846.18 

4485.21 
3619.93 
1626.68 

65().29 
881.88 
440.80 

129.69 
289.10 
462.73 

.798o92 
604.86 
348.43 

627.88 
574o7il 
284.05 

268.06 
211.69 
370.58 

1609.61 
84iJ.83 
772.61 

508.37 
63J.38 
430.54 

325.44 
266.22 
227.22 

217.71 
169.24 
412.48 

236.95 
685.86 

1114.04 

436.60 
392.30 
300.19 

238.12 
202.35 
177.04 

157 • 6.C 
144.43 
177.04 

124.12 
113.13 
291.90 

44'+.15 
6451.95 
991)7 .12 

6338.49 
3396.53 
1440.32 

530.(14 
724.61 
324.01 

119.03 
231.89 

1625.67 

793.96 
687.33 
315,78 

635.26 
401.72 
267.58 

246.24 
182.99 
337.26 

13(5.76 
881.55 
724.66 

519.47 
597.66 
418 .U7 

318.44 
2H.71 
223.94 

199.54 
453.27 
256.07 

219.55 
384.93 
893.05 

421.74 
380.29 
292.88 

234.20 
199.0 5 
174.97 

156.12 
143.26 
174.97 

122.98 
141.48 
278.39 

782.27 
5591.36 
7784.02 

7391.18 
6386.85 
1290.18 

'+71.01 
764.98 
251.98 

117.96 
195.78 

1584.64 

700 ._i+5 
599.61 
297.81 

484.38 
374.29 
256.53 

224.14 
312.54 
313.33 

1J 93. 94 
'+317.95 

684.38 

499.31 
569.18 
406.50 

311.46 
257.38 
220.78 

4 8 9 •. fK__.....,ll~~'~"'"';- /t.0.5 • 2. ~: -. .. 3 8 0 • 8 6 



- _ __.._..._._ ~.· .. ·~ 

383.83 59&.71t 4&&.3& lt17.33 395.24 378.79 3&5.35 353.9& 344.02 335.13 
.3Z.Z..._0_3_ ____ 319_.54 ___ - __ 312 •. 54 305.83 299.3.8 293.31 287.74 282.28' _223.94 220.78 217.79 

__ ____2_7:1 .•. .0.2 -____ .27 .. 2 .•.. 0 7 2.& 7 .• 1 9__ __ .252.21 257.62 253.40 249.14 244.85 239.83 235.57 231.&6 227.51 223.20 220.40 216.38 212.81 208.89 204.37 200.27 196.23 
~.__!t_8 _ _z_n.z~1_3 ____ ~qn_,_1JL ___ 32_6._,_11 3_3_9_.53 ____ -31~ ... 22 .29.7:._78 - 2 86. 8_2 ___ - 281._35. 267.48. 257.03 

_______ _z__4_9.5_0 ______ 303 .. _91 890 ..• 62 548.88 42&.94 - .378.25 349 .•. 57 436.24 965.24 1&21.71 
1092.81 841.28 872.78 10!+6.34 1:462.16 1672.78 2643.99 4101.55 3033.41 2373.53 _________ Z29!t_._92 ____ __272o ... 92 _2799.22 3997.90 97&3.23 5530 .J3 5796.11 &491.03 6572.98 6482.94 

257.03 
__ _6_6U_ .. _a_g _____ &filll .. .2.5 5352.99_- .453&.&7 .3.950 • .72 338.3.85 29.52. 57_ 2549.&8 2252.48 2124.05 

191&.&2 1818.&3 1604.45 1470.09 . 1331.45 1234.47 2152.97 3747.30 1878.92 1473.96 
---- ____.1..249_.&&: ____ 1.128. 80--- 1100.23 904.14 838.37 872.13 997.79 740.58 661.92 571.71 

50&.24 
__________ ft_6_8 •. 11' - _5.7..2 .• _9_3 57.3.53 515.89 450.58 11t01olt4 853.11 &011.91 5115.91 f+lt9.80 

lt14.48 404.47 307.41 253.39 231.69 220.14 221.73 251.50 252.&3 201.1t3 ____ __1_8D..__&a_ _____ _1_9__5_..!t:!t_ .. .J..72..oi1 1.2.7 .• &1t 132 •. 69_ 135.56 776.37 687.49 345.91 110.&5 
50&.21t 

______ _: __ 8-'t.li._4L __ 527 •. 22 529.37 519.52 860.06 553.80 453.84 395.89• 347.33 297.16 
402.&6 384.76 377.57 266.&8 292.64 35().23 355.63 258.62 339.85 215.30 ________ _1_l._3_._9_ft_- - .16.2__. 3 .. 4.. 131t.09_ .128 ... 50 125.57 113.79 105.55 1() i) • .51 115 • .53 96.ll7 

88.38 
___:__ ___ __2..!2_2_..__z!t ______ __6_1__1t_.5_5 ______ 2_8..8__..3_3 ___ 35J ..•. 3.3 -· _2._1_9.10 ..... 1.96. 91 156.21 132.'+7 125.82 121.65 

157.66 153.59 .101to11 104.91 - 98.36. 82.77 77 .31t 71).17 61t.06 77.04 _______ 3_4.0 .... 13 __ . __ 1_34.10 -- ;3.36.14 s_o_o .&o 157.1i7 127.Lt9 216.64 202.&4 7C .5. 92 232.71 
269.1t0 

_____ .2Jl2._~1 _____ .17_5_,6JL __ 166,44. 5.7 8 .• 37 . 452.57 323.84 281t.71 268.13 25&.87 257.97 
331t.03 208.27 189.11 1&7.58 19'+.99 396.65 257.66 231.26 229.47 173.83 

---~_12_z_,_1._! ___ ___ Z6_!t _ _,J,.2 ____ ~_5_,_,._o_ ____ 1_85_,_3.7 __ _ __ 1_6 g, Z_Lt _.205o23 362 •. 82 3.82.16 34o.lt8 317.91 
269.40 

r ~-__26_~-~.4_8 __ - 22_1~1z. _ _ 39_0_.93 4_;3_6._44.- 323~60 288.27 269,71 259.18 24Lt.30 210.50 
211to94 263.5-1 21t5.49 344.50 475.49 565.07 386.17 343.27 32'+.36 310o7U ~ ____ _3_0_0_._1_5 3_0~._7__9 _____ 491l.o3_3 - _3_84 .56 - 3.18.19 309.29 299.44 285.51 27'+.66 267.77 
258.27 

______ 2!t.l....9.1L _____ z_~1 , 11L___ _ __ z __ u • o __ o _Z2.3.e.83 2.~3.61 . 222.92 20_9. 61t 192.75 183.81 188.12 
310.71 237.73 189.7& 192.11 314.38 407.56 272.46 256.02 266.11t 350.46 

--- ---- _ _5.1 0 •-'* 9_ - - 424 .&.o_ _385 .• 87 .. 384.34 3.53 •. 19 _341.64 331.55 377.30 573.33 425.&4 
258.27 

___ ..!t:Uo08 _____ 4.51to't_2 _ .4.84o7D 43.0.19 4.0.6.64 393.89 379.66 3&7.45 357.18 346.96 
336.63 328.25 320.37 312.28 303.77 296.82 289.86 282.39 275.15 269.41 

-~----__2_§2_,_9_2_ ____ 22._B_~ lt:L _____ 2.2.3 ,_1_9 __ 2H .• _9_3. _21tZ_,3'2 _ 238.12_ __2_33.23 22 8 ..__60 2Z4o11t 21.9 .• 63 
215.52 

--- __ __2_1_1_._9__§_ ________ 2._01;1..__64 205_, 1l8 - 201o02 198,_37 194·. 79 191.2.9 188.80 185.59 181t.16 
181.55 179.08 176.71 174.72 172.44 170.16 168.23 166.1t5 16'+.57 162.78 _________ 1_Q.!l,.9..1L. _____ 1.5____9__, _2 6 __ 1_?_7 oltS _ 1.55.74 154.10 152.56 151.23 11t9.82 148o't9 1H.12 
145.76 

. __ _1_1th5_~ ____ JJt_L,;HL __ " ___ 1_~2-~-~o . .14:1..07 ___ 139,9_4 -· .138. 6'+ .137 .• 75 _13&. 7.3 13.5.71 134,74 
133.79 132.86 131.95 131.07 130.20 129.~5 128.53 127.71 1::6.90 126.11 

_______ 1_Z5 .• ~1- . ..,._1.2.~~-6L __ 12~ .• 9Jl. ___ .123.17 -- 122.36 121.&5 120.87 120.13 148.49 11t7.12 
145.76 

____ i_1_8...__9ft _____ 118 I Q C _ _ _ 11'7 t 4 7 117.03 _ _ .... .116.26 115oll6 114.29 114.02 112.64 111 .• 7 8 
110.62 110i23 108.&2 107.53 106.14 111.20 -1&0. 7'+ ,123.92 11&.42 11So81t ll.9..u .. :.. .. _11_'.t .• .11 ____ 1.1.o ..•.. !?D __ : ______ .. ua. • .r.z. . ..1.02oft4 11l3 .• .7't u_z. 4'+ .. 10~ .()5 u.s .92 141_. 41 
140.53 

______ u,_~,_?r ____ ~~~~oo ___ 4_,_5;39 __ 5~§~10 334_.40 302,Q2 3~0 .lt2 322.2-3 290.&0 409.51 
1110.88 1088oft5 1424.17 1613.48 1274.41 1067.10 972.27 960.39 1353.59 2058.1'+ 

_ __fi91._4.2_ ___ .274_1 ~ ~9 - __ 2_3_61_~_9':1: ____ . _21,5 8 •. 2 ~ __ 272S...08 2975.20 2930.59 3011.40 38C9oltU 4109.57 
140.53 

~2.7.!..~-~~2.....~3 ___ ,()g__8JJ . .:.:1f! .1'99_3,9..1__ ____ _!_!)_3_1~1_3 __ 68U_,_93 6166,_12 639~.93 - 6530.55 .&50 Ito 96 
,(,901.&6 7320 .&8 6746.30 5083.27 4&34.57 4011.23 3563.37 3137.36 2715.75 2367.63 

_UitJLo_~1, ______ gz9.~_.1H' ___ 20_~1 ,_Ei6 _ 17:73 .•. 3.~ .U2o•Z7 _ _1848oOi __1531.43 1505.03 1395o02 1223.33 
1058.13 

~.::_;___9~_()_~~!t__ ___ 7~_di_ - Jl_ft_'t _._~ & 675~4_5_ -- .6.91. 6_8 . ~-65. 51 571.&4 ___ 1048.75 1132.B8 .8.46o.G3 
714.28 609.02 482.55 453.89 492.74 410.88 372.22 328.79 297.73 263.&1 

·-~j-~-·-~-Q. __ . ]~~~.26 .. -· _ltft5_o9_4 385_.76 432_.36 870 •. 69 ·4.91. 62 -403.91 330.23 . 282.55 



1058.13 
-·- -·-- .lt.l9 .77 __ 1339 .• 28 &33.02 522.24 46 0. 57 !t15o91 411.28 292.&6 269.00 232.13 

192.88 185.73 190.63 527.80 458.27 295.1)3 347.42 591).08 348.18 551.04 
__________ 3_!t3 .•. 80_ . __2.4_5 • .72 2.0.1.53 .20 4.39 315.36 232.73 283.46 274.78 226.66 426.59 

356.28 
--· _2_0_!i.!.2.~ ... ___ 21!_1._, 6& .. 1027.58 . sao 4 ,4_1 .... 1565.19 979.84 783,44 645.15 527.0 0 404.61 

468.24 570.49 3'as.oo-- 3!11.65 292.39 292.76 234.93 219.66 210.17 252.24 
_5_l.th.!t9____ .lti-& .• 3.1 .8.67 .42 823.73 498.53 468.52 472.24 1845.52 2827.92 129C,52 

1049.37 
______ 8:/..2..!12 --- _]]] .o 8. .7.10 .27. --- &s 7 .as 615.36 &02.36 551.84 453.82 385.62 375.67 

398.91 554.95 66_5.05 &3&.33 677.(i9 538.37 516.18 620.01 509.19 486.2il 
____ H.9.dL ___ !t_97 •. ~o ______ 43_9_._75 't:38_ .. 36 ---- 3_8_&.04 _330.81 311.97 332.52 349.95 320.24 

1049.37 

~ 
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TRIAC RUN CRITERION-MEAN--Q-· R----------"A"(-·i,-- ·A( 2) A( 3) A( 4) A( 5) A( !)) AC 7) A( 8). 
. .A..L...9L________A_U.Dl ________ A-.t.11.i ______ AJ12.l.. ________ ..AJ..1.3.L ........ AJ.ilt.l __ .. _ A C12l _______ .A_l.1.&1 

INITIAL VALUES OF THE PARAMETERS 
1 1 _.._3.3..8.ftE.:t_ll __ ...fUl9_._5 __ ._9.0.1&.. ____ .. ..o.2!iQO. __ . S .• OQO.O ____ .3000 .. 1 .• 3000 't.3ilOJL. • o1.ao.... . • o a 10 .. .od51l 

• 0360 3.0000 4.5000 

TRIAL RUN CRITE-RioN-·MEAN_Q ___ i__ AC U AC 2J AC 3) AC 4J Al 5) A 6) , Al 7) ~( 8) 
·--·---------------A(_9J. AU.ilL At11l .. Al1:2.L ...... AJ13J" Al14l AC15l A(16l 

- L -
-----------·--· 

1 2 'o3388E+09. &89o2 o9011 o2&00 5o0000 o3000 1o3000 1o3000 .0180 .0070 .ao5o 
__,_ ____ · ______________________________ _._.u_3_6_0 ______ _l_._OJHUL __ .. lt.a.S.ilUO ____ , ___ ··------ ---·-- -----· 

__ __..._:_L__._33.B.2.E..t.!l.9_6&_9_._l .. o.902D ________ .. .z.!iDJL_ ..... .5.o .. OO..il.iL ....... _ • 3il!l 0 .... 1o.30.0.1l 1. 30.00 .U180 • 01170 .. .oosc 
.0360 3.0000 4.5000 

1 4 o3383E+09 689o7 .9017 o2400 5o050l o3DUU 1.3000 1.3000 oiJ18D • 0\.t 70 .0050 
-------------·-------------------------··•.:ll.3.6.1l .. ___ ..:__.3_._QD.O Q ___ .. - 4 .o.SPoOtL . --------

___ 1_____2__ ___ __._.3_3~9..E.t.D.9_ __ 689..o.9 __ _._8..997 ~--- .... 2.!t.D.D .... _ ... S .•. 0.5Jlll _____ ,-• 312il , 1.:30ii!L 
.0360 3.0000 4.5000' 

1o30Ci0 ... .Li18il • 0 0 7.0 .O!.l50 

1 6 o3380E+09 689.6 .9036 .2400 5.0500 .2880 1o3COD 1.3000 • 0180 .au 70 .OD5D 
--. --------------------------· ___ .__a_;ti;Jl.. ______ 3... .. .1l.JJ.O.O _____ It.21l!l.!l ~------ _____ .. -·--· 

IIIII I-~__1_J __ ~.!t.Z.E_t0.9 __ 69..3.L2 __ ,_90.2.2 _________ .. Zit.D..O ... -- 5.o..D.5..UIL ............ ,2.86.0 ... 1 .• 3.2.60 1 ... 3.0 .. 00 

~ I~----------------------·--~-_ .. __ ~-~~~-~-----~-~0-~~- -- -~· ~~~~- ·--

,~----1-~---·~-~6E+09 ---~-~:-~-_:_~~~_:_---,~---·~-~~-~-.. !l~fl.~-~-o_:~_t_Q_Q..\1.Q_·_~~a~_ ... ~_o!Lt274D 1.3ooo 

... ()18!1 • D 0 70 .0050 

.0180 • 0 i) 70 o1Hl5() 
' ·-· •··. 

l 
______ _j,_ ___ ~---·.3-~_1.1t.~:t:Jt9. __ !29_1...~-~.-~9~6 ________ .z.~o.o _____ 5._o;.oJJ • zaao. , 1. 27.4D 1. 3260 

, • 0360 3 .oono ' 4.5ooo 
.018J • 00 70 .0050 

1 10 o3008E+09 &80o9 o9090 o2400 5o0500 o2880 1o2740 
l-------------·----------··------·--···------------····----•JL36_o_ ________ ~ •. OJLQ.O... . .. .4 •. 5!LOJI _____ _ 

1.2740 .0180 • 0070 .005!! 

___ _ L_u __ ~.z..a].z E.t o 9. &a o_._l .•. 913.5. __ .• z~oo. ........ !?. .• o5o!l. .zaan - .. 1.274D 1.2740 .0184 • Oll70 .ooso 
o0360 · 3o01l00 4o5000 

1 12 o2810E+09 679o9 o9155 o2400 5o0500 o2880 1o2740 1.2740 .0184 • 00 73 .0050 
~--------·-·-_.a_360_ ....... 3 .. o.llll0.0. _ .4.50.1iJL . 

.1...__.1L _ _.2..V...!tE±Il9 __ .68.0 .... 0 .•. 913.8 •.. 2.4.0 D ___ .. 5 •. 0.50 !L • 2.8.6. 0 1. 2740 1~2740 • Gi84 • 0 (J 73 .0053 
.0360 3.00JO 4.5000 

1 14 o2740E+09 679o8 o9173 o24DO 5.0500 o2880 1o2740 1.2749 .0184 .01.173 .0048 
·------·-·----------·---------·-----·--·------~-6_0.. _____ l •. .OJJ.J.O. ____ !i..S:QJlJI ..... · 

---~ ___ _:_,_g_:r_~~u;t..o_9. __ !;1_79 ._z __ _ .~177 .2400 5.0500 .2880 1,2740 
------- • 0371"-- 3 .OOJO 4.5000 

1. 2740 • :.1181t .oa 73 oiJU48 

1 16 o2730E+09 679.7 .9175 .2400 5.0500 .2880 1.2740 1. 274D .0184 • 00 73 .0048 
_______________________________ ·--···----------- .! a_ :rn._____ 3 • 0.9 a.o ___ _~t ~-so OJJ 

_. __ 1 __ 1_r ___ .!_~rv_;.:t.!I_9 _____ 12?.~.J" ___ .__9_1 ~.a . . .•ZftO!l ..... SoDS.\10.. o2880 ...... 1o2740 1.2741) • Ul.84 • D J 73 .0048 
.a371 2.94aO 4.5000 

--f 18 .2719E+D9 .. &"7"9-~·a·-:9iatl". o2400 5o0500 o2880 1o2740 1.2740 .0184 o0il73 • 0041'1 
.03'L1 .. ___ 2_.~4_il0 -----~~!?.<lO..lJ 



r 
!0 

___ _i_ ___ u _____ .t.Z..l1'iE+.D5L ___ (!7.'.9._a ..• 916.0 .. o240a s.osoo .zaao 1.2740 1o2740 oiJ181t .0073 .0048 
.0371 2.94JO 4.5900 

, PATTERN MOVE 
~-~--!1.1..531;.!-Qc;t ____ JU:.Q •. ~ __ ,-2.~?5. ---· .!..g~JLQ 5o __ jJll;l!l. . .27_()0 .. :1.!!..?.480 1· 2481) .0187 .con .0045 

.0382 2.8800 4o5800 

TRIAL RUN CRITERION MEAN Q R A( 1) A( 2) At 3) At 4) At 5) A< 6) At 7) ·A< 8) 
_____ _IH_9) A.UO.L. A.<U>_ AHZJ A(13) AU4) A!15> A!16> 

2 20 o2157E+D9 670.8 .9327 .2204 5.1000 .2760 1.2480 1.2480 o0187 • 0077 .0045 
•.. 0.382. __ .. _ 2 .• 88.JO . 4o&8!JIJ 

________ _z ____ ?l__ ,_4151E+J).9 ___ 570._;5 ._9322 .•. 2396 .5o1DOD •. 27&0 1.2480 1.2480 .0187 .0077 .()045 
.u382 2o68JO 4.6600 

2 22 .2150E•09 570.3 .9320 .2395 5.15J5 .27&0 1. 2480 1.2480 .01.87 • OiJ 77 .0045 
• u.3.a2 2.88\lO 4.6800 

___ _2__ u__ __ ... _21ilE..~ ()_9_ __ Q {'_Q_~z.- • 9.3 3.2 . .2395 5.15115 • 2.61t.5 ... 1.2480 1. 2480 oiJ187 .0(177 .ao~ts 
.0382 2.88il0 4.680il 

2 24 o2144E+09 670,4 o9307 o239o 5.15·J5 • 2875 1.2480 1. 2480 .0187 • OJ77 .1)045 
oll.382 2.8800 lto5800 

_______ .z as __ ....... 2H7E+D.9 &&.7 .• o. _. 9317 •. 2396 5o15ll5 .2875 1.2225 1.248il .0187 .007.7 oil045 
.3382 2.88()0 4.&81.!() 

....._.._..~-~-~·· -~-- ·--~ -- --------~-~-·---·. -~ --. 
2 26 o1862E+D9 6&2.2 .9355 .239o 5.1505 • 2875 1.2225 1.222s .0187 • 00 77 .0045 

.0382 2 .. 9 880.0 4.6800 

__ _L_H ___ t.:11l7'_E.±.~ &_61 .• 7 • 93 a5 o239c 5.15!)5 .267'5 1.2225 1.2225 .0191 • 0077 .Oi345 
.0382 2.8800 4.680il 

2 28 o1737E+09 &&1o5 o9400 .2390 5.1505 .2875 1.2225 
_) 

1.2225 .0191 .otJ 81 .oott5 
.!,)382 2.88()0 4.580') 

_______ _z ___ z_g_ ____ @_1&9..6.E+_Q_9 661,5 • 91t11 .2390 5.1505 • 2875 1.2225 1o2225 .0191 • Oil 81 olliJ43 
.0382 2. 8800 4o68C.O 

2 30 o1689E+D9 6&1.5 .91t13 .2390 5.1505 .2875 1.2225 1.2225 olll.91 • 0 J 81 .uu43 
.0393 2.8800 4.680:') 

------~-.!_.1.-_§_~_l_f;+.JHI _ 9_61,_~5 • 9'+11+ _ .2396 5.1505 .2875 1.2225 1.2225 .0191 • D il81 .0043 
.0393 2.8212 ltoo800 

2 32 .1683E+09 661.5 .9415 .239o 5.1505 • 2·875 1.2225 1.2225 • J19l .OJ81 .DU43 
.0393 2.8212 4. 7718 

_______ !1 ___ 3_~---- ___ !.1 E!_8_3 E± o 9_ __. 6 61 • 5 •. 9 41 5 .2396 5.15!)5 • 2875 1.2225 1.2225 .0191 .o ·J 81 .0043 
.0393 2.8212 4. 7718 

PATTERN MOVE 
__ ~----33 __ • __ t_Q5&E:+09 6.44.~ .9562 .2392 5. 2510 .2870 1.1710 1.1710 .0198 • (j(!88 .0038 

.0415 2.7024 4.953& 

TRIAL RUN CRITERION MEAN Q R AI 1> A( 2l AI 31 AI 4) A< 51 AI 5l A! 7l AI 8) 
-----------·---------------·------------ ___________ !_1_9_)_ _ A11Jl AC11> A!121 At131 A.<hl Al151 A(16) 

3 34 ~io56E+o9 643.8 .9561 .2488 5.2510 .2870 1.1710 1.1711,) .C198 • 0 0 88 .0038 
._~415 2.7024 4.9536 

3 .. 35. _ ,_1_057E.+!l9 __ &_4_3. •. 9. ~~2.5_9,_ __,_<4..1l.§____2_~ ~UQ_ ____ J .. .W.llQ_-------.t • 1 71 U. .!)_198 • 0 I] 88 .0038 

~~:!.~"":._r::.,~n~:_,.~:- ... ~ 



---- ---~·-·----

.0415 2. 7024 4.9536 
------------ -------- -----
36 o1055E+D9 643.8 .9563 .2488 5.1995 .2870 1.1710 1.1710 •. Ul98 • 0 \) 88 .0038 
---------- ·----·· -- - ----- _____ .,._ ... ---- ---- ----.. ~-· - • .0415 2.7024 4.9536 

-~---'~~-E!JL9 __ _r,~_._.9 __ ._,9.5.2.L ______ • .z._ft_6Jt ____ . .2 .... 199.~-----. o29.8.!L .. 1.171.0 1 •. 17111 -- •. ll1..98 ._Q(i 88 .Dil38 
• 0415 . 2.7024 4.9536 

---------- --- . -- - - -
3 38 o1003E+09 640.5 .9561 .2488 5.1995 • 2985 1.1465 1.1710 .0198 .0388 .0038 

• 0415 . 2.7024 4.9536 

___ a__3_9_ _____ ...,.9J.39.E:tJI8 ... !i3.6.1 •. 95.78 __ _.2.488 -- .. 5 .•. 1995 .2985 1.1456 1.1466 .0~98 .oo 88 .0038 
.0415 2.7024 4.9536 

------- ----------·---
3 40 o9068E+08 535.8 .9590 .2488 5.1995 .2985 1o1466 1.1466 .u2o2 .oo 68 .0038 

• .0415 2.7024 4.9536 

__ _______3_ _ _2t1 __ ____._aa9.SE t.D.8 ___ .. 6.3.5. .•. 7 ... .-.95 9.6 .... ·-· •. 21t.8.6. . -··. ··- 5 •. 19 .. 9 5. .2985 1.11t55 1 .• 1466 .0202 • DO 92 ,Qi.J38 
.0415 2.71)24 4.9536 

3 42 o8753E+D8 635.7 .9601 .2486 5.1995 .2985 1.1466 1.1466 .0202 • Oil92 .0036 
o0415 2.7024 4.9536 

_______ _3 __ .Jt.L_._.,8.725.E+06 ... &35,1 •. 9.6112. ---~488 ---- 5. •. 1.995 •. 2985 1.1466 1.1466 .0202 .OJ 92 .1)036 
• 0426" 2.7024 4.9536 

------·-----------. ----. ---· . ----- ----------
3 44 o8725E+08 635.7 .9602 .2488 5.1995 .2985 1.1466 1.1466 .0202 • OiJ 92 .0036 

.0426 2.6460 4o9536 

______ ;$ _ _!t_? ____ ,JH'O_~~t.OL 635!_7. ___ ,.9_6_0~~- -·---•~.4JH\ __ !?..199.5 •. 2965 ...... 1 .• 14.6 & 1o.1466 .ozoz • 00 92 .0036 
.0426 2.6460 5.0490 

~ 
------------------

.8705E-i08 3 45 635.7 .9603 o2488 5.1995 .2985 1.11+66 1.1466 .0202 • 00 92 .0036 0 ofl426 2. 5460. 5. 0491) 

-----·---·---·------------J~A.UERJL .. MOYE; ____________ -·-·-~-· --·----·· 
4 46 o7074E+08 611o4 o9630 o2468 5,2485 o2965 1.0707 1oiJ707 .0213 • O\l92 .11029 

,_Il.Lt60 ___ 2.4708 5.3263 

_____ IR.IAI.. __ .R.!JM __ CRU.EIUON. MEAN .Q . .... R .AI 1J -___ A( 2) AI 3J At 4) AI 51 AI 6l AI 71 AI 8l 
AI 9,) Alii)) AUU AU2l Ali3l Al14l Al151 Al16l 

-· J~AR.MiEI.ER. __ .AL1L::: .•. 2.4.9. _ REH.QilEQ .FROM QPTit1IZAIION 
4 47 o7051E+06 611o4 o9631 o2486 5o1965 o2965 1o0707 

. • .. li.41;>0 2.471.18 5.3263 
1.U 7()7 .0213 • D 'l92 .0029 

__ PARA.M.EIEJ~--AL.~.LE. ______ .•.2.9..9 ... -R.E.MQ-'GJ! f:ROlLOP.I.J.MlZH lOI'L .... _ 
4 48 o7089E+08 608o3 o9628 .2488 5.1965 • o2985 1o0477 1.J707 .0213 .oo 92 .0029 

o!l_lt60.. Zo47i)8 So32&3 

.---!+.~- .... .JJl.8.3.E:f.:.ll8 ... ~1.4o .. 5 .... o..9&.31. ..•. .Z.4.8.B- ·- .... 5 .• 19.&.5 • 298 5 1. 0 93 6 
o0460 2o4708 '5,3263 ' 

1. 0 70 7 .0213 .0()92 .,0029 

---~---·--·-··--··--·--··-·----·--··--·-······-···-------- -----·---·-·--·-·---~.---··· 

.7168E+08 607.~ .9&25 .2488 5.1965 .2985 1.0707 
.. L0.A60 _ 2o4708 5o3263 

4 50 1.0477 .0213 • o a 92 • D 029, 

_____!t____21.__ ___ -'I1..D_UEt.D_8 ___ 6.15 ~-3. -• 9631t ___ _._.z..!t.8 8 ____ .. 5.1965. • 2965 1. a 707 1o0936 .0213 • 00 92 .0029 
.0460 2.4708 5.3263 

---------------~--------------·-···----- - ----~------ -------~----------- ····-------/• 4 52 o70S~E+08 615.1 .9&32 .2468 5.1965 .2985 1.0707 1.D936 .0217 • 0092 oD029 
-------·--· ----·-·------··· -··-···------. -- -----· --·- -- .• 0460. . ·-· .2 ;4708. s. 32.63 

_.Jt_2L _ _di20E+Il.6_ __ 6_1.5~..2......t..9&.3'+. ----------•~-1t.8JL.. .5 .... 1.96.5 o298.5 .. ..1 .• 0707 
. o046D 2o4708 5o3263 

1 .•.. 0 936 ..• 0.209 • DO 92 o.D029 



It 54 .7025E+08 615.3 .9634 .2488 5.1965 .2985 1.0707 1.il936 .U213 • Oil87 .Oil29 
.0460 2.470!L 5.3263 

_____ 4_5.!L ___ _.zo_o 5.E.t o 8 ___ 615 • 3 • 9 & 3_4 _ .2488 5J1965 .2985 1.0707 1. 0 936 .0213 • Oil92 .0027 
.0460 2.4708 5.3263 

4 56 .7004E+08 615.3 .9634 .2488 5.1965 .2985 1.0707 1.0936 .0213 • 00 92 .0027 
_.047~ __ 2.4708 5.3263 

___ lt_.27_ ______ J:Iti2_EtJlJL _615._3 ,96.34 ,_2.!t88_ _ 5,1965 • 2985 1. 0707 1.0936 .1.1213 • ou 92 .0027 
.0473 2.4178 5.3263 

4 58 .7001E+08 615.3 .9634 
------------------------------- ---- ---------:-z4_a_a _______ s~i9&s-- .2985 1.0101 1. 0 936 .G213 • u) 92 .0027 

.0473 2.5237 5.3263 

______ lt ___ _5_9___ , 7UO 8E+D. 8 _ 61~. 3 , 9634 .2488 5.1965 .2985 1.0707 1.0936 .G213 .0092 .0027 
.0473 2.5237 5.4273 

----~------ ·---------
4 60 o6995E+08 615o3 o9635 .2488 5.1965 .2985 1.0707 1.0936 .0213 • G:l92 ,iJQ27 

.0473 2.5237 5.2253 

___ ___!t_ __ .f:!JL ___ ,_69_9_5Et 0_6 __ 615._3 _ ,_963_5 .2488 5.1965 .2985 1.0707 1.0936 .0213 , O.J 92 .0027 
.G473 2.5237 5.2253 

PATTERN HOVE 
_____ _______s _ __hl _____ ,765J.E+06_ 60_5.9 ~9599 .2488 5.1965 .2985 1.0707 1. il4t6 .0224 .OJ92 o0il27 

o0519 2o4014 5o4C15 

------------·····-------
TRIAL RUN CRITERION MEAN Q R AI 11 A( 21 AI 31 AI 4) AI 51 AI 61 AI 71 A( 8) 

AI 91 A!1JI AU1} Al121 A!13l Al14) A!15l A(16l 

b -----PARAHEYEiC-A! 11 = .249 REMOVED FROM OPTIMIZATION 
----~AR~I1HEJL _A LZJ :::; 5._t_96 REMOVED FROM OPTIMIZATION 

PARAMETER A( 31 = .299 REMOVED FROM OPTIMIZATION 
-------~-62 __ -~-.l'.§.L!_O~!l_IL_Q..flh!L • __ 9599 • 2488 5.1965 • 2985 1. J921 

.0519 2.4014 5.4015 
1.0406 .J221t • OJ 92 .0027 

5 63 .7392E+08 609.6 .9612 .2488 5.1965 .2985 1.G707 1.0&25 .0224 .au 92 .0027 
.u519 2.4014 5.4015 

___ ____2_2_1t______d.-2.!t_9f±_O a_ __ .9_o_.z_._z ._9!?8_5 __ . --• z 4 8 8 5 • 19 Q 5 • z 9 8 5 1 .J 7.;; 7 1.1)187 ,()22'-t • uo9.2 .0027 
.0519 2.4014 5.4015 

5 65 .7850E+D8 .2488 5.1965 .2985 1.0707 1.il406 .0228 • c J 92 .uu27 
.Q519 2.4014 5.4015 

____ 5 _§_§_____d~__2_1;_t:JUL _Q1l..Q~_Q_:;__~ 95 o 7 __________ !.-~48 8 5.1965 • 2985 i • !l 70 7 
.0519 ' 2.4J14 5.41)15 

.J220 • oa 92 oil027 1.0406 

-----si~7- .7745E+08 505.9 ,9594 .2488 5.1955 ~2985 1.0707 1.04(6 .0224 • Oii96 .illl27 
.0519 2.4014 5.4J15 

__ ___,5'--_..5=-8 ___J_?__27E+~ ___ g0_5___!_<i_ __ ~.95~--- ______ _!1_~~-8_8 5~_1_96.5 • 298.5 1. 070 7. 
.0519 2.4014 5.4015 

.0224 • ou 87 -· 0 0 27 1. [I lt.!l 6 

------5--r,g---- ~-7&08E+08 6os.9 .9601 ~~~i8 5.1965 .2985 1.0101 1.0406 .J221t • 0092 .0028 
.0519 2.4014 5.4015 

_____ 5 __ 7 0 --· 766 !i~__±jljl_ __ ___§_g__?_._~~95_~!1_ ---. --·~~8jl ___ 5·1965 .2985 1.0707 
.0534 2.4014 5.4015 

.u221t • OJ92 • 0 (]27 1 .• 04()5 

------5--y;,:--- -~7642E+08 605.9 ~9599 .2488 5.1965 .2985 1.0707 
.Q5Q5 2.4014 5.4015 

.0224 • Cil92 .Oil27 1.0406 

~-R-,~~~60!h_~<i9_ ____ !2_lt_IHL---~~19Ji_5 ______ ._~9__a_L.-~--!_.oU_'l _____ :lo,il!t.(LQ. __ ~~~._Q-'_a_~t_ _____ ._Q.j_92_ _____ LQf.L2.7. __ 



.0519 2.4518 5.4015 
--·---··---·- ··~·--- -·---·- -- ...... ---·--···.-

5 73 .~665E+08 605.9 .9598 .2~88 5.1965 .2985 1.0707 1.0406 .0224 • 00 92 .0027 
.0519 2.3509 5.4015 

___ 2__1!t __ ~_~_o_E-t.ll_e __ ___ft0.5..L9 __ • 9.2.99 -----·- _ ~-2 4.8JL __ .. ..s_. 1.9 &.s .. _ . _ _._2 98 5 __ 1. a 70 .. 7 
.cS19 2.4014 5.2970 

1 .. .0.406. .0 0224 .OJ92 oiluZ7 

5 75 o7665E+08 605.9 o9598 .2488 5.1965 .2985 1.0707 
. .0519 2.4014 5.5061 

1.t.l4li6 .v2'24 .0(192 .oo 27 

-------- _ .PATTERN:; 1 _RESOLUTION:::: 
5 75 o6995E+08 605.9 .9598 .24.88 5.1965 · .2985 190707 1.0936 .0213 • oo 92 .0027 

.,, _____________ .. ,.-- .0473 2.5237 5.2253 

. _TRIAL. RUN CRITERION MEAN ... Q R Afi> f\(2) AC3l AC4l AC5) A<&l A<7) A(8) 
A( c;n AUOl AU1l A!t2l A(13l AU4l AU5l AU6l 

_________ ,5 ____ 76 ___ .o .. 6974E+08 615.1 .9636 .2587 5.1965 .2985 1.0707 1.()936 .0~13 • 0 \l92 .ou27 
.0473 2.5237 5.2253 

5 77 o6954E+08 615.0 .9637 .2587 5.1445 .2985 1.0707 1.1J 936 oU213 • 0 J 92 .0027 
• 0473. __ ,. 2.5237 5 •. 2253 

.2_ _____ 7..1L _ ......• 6.8.65E+.D8. 615.1 .9640 ·.2587 5.1445 .3105 1.0707 1.0936 oU213 • u!l92 .an1 
.u473 2.5237 5.2253 

5 79 e6907E+D8 618.0 .9640 .2587 5.f~45 .3105 1.0921 1.0936 .0213 , DO 92 .on1 
~047~ 2LS237 5oZ253 

~ 
______ _5 ___ 8_0 ____ .690DE+08 ... 618.9 .96~1 oZ587 5~1445 o31il5 1.0707 

.0473 2.5237 5.2253 
1.1155 • i)213 o Oi.l92 • OJ27 

!1.> 

5 81 .6901E+08 611.4 .9638 e2587 5o1445 o31ij5 1.0707 1. 0 717 .0213 • co 92 .0027 
.0473 Z.5237 5o2253' 

_5 __ _!l2 _ . o .. 6904E+DB 614.9 • 3638 ,2587 5o1445 o31J5 loJ707 
.0473 . 2.5237 5.2253 

1.0936 • 1)217. o{t092 .JG27 

5 83 o6876E+GB 615.4 .9640 o2587 5.1445 o31J5 1.0707 1.!193& .0209 • DO 92 .QG27 
~J4l~ 2.5237 5,2253 

_ _5 _____ 84 oQ_88~_Et08 615o1 • 9!'139 .2587 5.1445 .31~5 1.0707 1.0936 .0213 • Qi) 96 .0027 
on473 2.5237 5.2253 

5 85 o6886E+08 615o2 o9640 .2587 5.1445 .3105 1.0707 1. 0 936 ou213 o D 0 87 .ili.l27 
.•. 04.73 2.5237 5.2253 

.. 5. li .. JiJ7ZE~D8 .615.1 ~9640 .2587 5.1~45 .31J5 1.0707 1.0936 .J213 .a 0 92 .0028 
.0473 2.5237 5.2253 __ .. __ , .. ____ ,., __ 

5 87 o6863E+D8 615o1 .9640 .2587 5.1~45 .31J5 1.0707 1.0936 .G213 • 0 (J 92 .Ji.J27 
.0.48..7 2 •. 5.237 5.22.53 

______ ? __ 8_8 !6&61E+Il_8 615.1 .• 9&40 .2587 5.1445 .3105 1.0707 1.0936 
o0487 2.5741 5o2253 

.uz13 • 0 () 92 .0()27 

5 89 o6853E+08 615o1 e9641 .2587 5.1445 .3105 1.0707 1.0936 .0213 • OJ 92 •. uo27 
.0487 2.5741 5.1208 

___ 5 _Jtc:l •6853E+DB 615.~ .9641 .2587 5.1445 .3105 1.0707 1.0936 oil213 • Q(J 92 .G027 
.0487 2.5741 5.1208 

PATTERN MOVE 
~~---·9JL ___ ._§.7J:_8_E;+_Q8 615._0 •. 9644. .2687 5. 092& -•. 3224 1. 0 707 lo0.936 .0213 • DO 92 0 00 27 .. 



-·-·-·-·-·------ ---~- ··--·~-·. 

.0501 2.6246 5.0153 

--TRIAL-RUN -CRiT-ERION- MEAN Q R AI 11 A ( 21 AI 31 A ( 4) A I 51- A I 61 A I 71 A·( 81 
A I 9) AUill Al11l Al121 Al131 AU41 A 1151 Al1&1 

- - - - - - - - - - - - - - -
·-·----·----------~···-- ---

6 91 .6783E+D8 &14.9 .9644 .279C 5.0925 .3224 1. 0 70 7 1.0936 .u213 .ou 92 .0027 
• 0501 2. 6_246 5.0163 

_____________ &_ 92 --~-& n &.E+ o s .&15.2 .954.4 .2583 5 .o 92& .3224 1.0707 1.0936 .0213 • 00 92 .0027 
.0501 .2.6246 5.0163 

615.2 .9646 .2583 5. 0411 .3224 1.0707 1.0936 .u213 • OJ92 • 0327 
oil5Q1 2.6246 5.0163 

6 94 o6751E+a8 615.3 .9645 .2583 5. 0411 .3348 1oil707 1.0936 .0213 • LJ 92 .ull27 
.0501 2.6246 5.0163 

& 95 .6752E+QB &12.4 .9545 .2583 5. 0411 .33~8 1.0492 1.Q936 .0213 • OJ 92 .OJ27 
• 05C1 2.6246 5.0163 

_______ _p ___ 9& _____ o678&E+D6 &18.2 .9645 .2583 5.0411 .33+8 1. 0 921 1.J936 oil213 .(!1)92 .0327 
• 0501 2.6246 5.01&3 

---·-·--·---·----- .. - ·- --------
6 97 .&79&E+06 619.0 .9&44 .2583 5. 0411 .33~8 1.0707 1.1155 .0213 • Qi.)92 .uli27 

.0501 2.624& 5.[1163 - ·-----···--·-·-·--

- __ & _98 - oG771E+OB &i1.6 ,9&44 .2583 5.0411 .33+8 1.07:.17 1.0717 • il213 • Oil92 .0\127 
.0501 2.6246 5.0163 

& 99 .6761E+0.6 &15.1 .9545 .2583 5. 0411 .33+8 1o07:J7 1. u 936 .0217 .0092 .0()27 

i 
• 05C1 2.624& 5 .o 1& 3 

\>) __ 6_ 1_00 .6787E+D8 615.5 •. 9643 .2583 5.0411 • 334 8 1.0707 1.0936 .0209 .G Ll92 .ao21 
• 0501 2.6246 5.0163 

6 101 o6745E+DB 615.3 .9645 .258 3 5. 0411 .3348 1.J707 1.J936 .n13 • 0 () 96 .i.\1)27 
.0501 2.624& 5.0163 

& 102 .6748E+08 &15.3 .9&45 .2583 5. 0411, .3348 1. 0 7U7 1.a936 .;.i213 .ou96 .oa25 
.0501 2.6246 5.0163 

----6-io_3_ --~6746E+IlB &15.3 .9&45 .2583 5. 0411 .33+8 1.il707 1.0936 .0213 • 0 J 9& .ou28 
• ()5(!1 2.624& 5.0163 

6 104 ~!)751E+D8 615.3 .9&45 .2583 5.0411 .33!t8 1.0707 -1.093& .0213 • (jJ 96 .0027 
.0516 2.6246 5.0163 

·-----&-i ii-5-- -• &7-4&E_+_o a &15.3 .9&45 .2583 5.0411 • 33+8 1.\1707 1.()936 • J2:13 .c (l 96 .OCJ27 
• 0487 2.6246 5.0163 

_f,_ 10& • &73_7E+08 &15.3 .9&4& .2583 5. 0411 • 3348 1.J7C7 1.!)936 .0213 • c J 96 .&027 
.0501 2.67&1 5.0163 

& 107 .&732E+08 &15.3 .3646 .2583 5.0411 .3348 1o 0 70 7 1.0936 .0213 .ou96 .GU27 
.0501 2.67&1 4.9139 

6 J,Q7 _.6732E+OB 615o3 o9&46 .2583 5. 0411 • 33+8 1.0707 1.0936 .i.i213 • 0 J 96 oilll27 
• 11501 2.&761 4.9139 

PATTERN MOVE 
7_ 108 .6727E+08 &15.4 .9&4& .2579 4.9377 .3592 1.07(;7 1.0936 .il213 • O;J96 .0027 

.0515 2. 77 81 4.70&9 

TRIAL RUN CRITERION MEAN Q R At 11 At 21 A( 31 A( 41 A( 51 A I &I At 7l A I 81 
A I 9) Al101 4(1_11 A 1121 Al131 A 1141 Al151 AU& I 



- - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 109 .670&E+G8 615.5 • 9&47 .2476 4.9377 .3592 1.0707 1.() 93& • il213 oll09& .. 0027 

.0515 2.7781 4.7069 

7 110 .&£>87E+08 615 •. 5 .•.. 3.648 .21t76 4~8873- .3592 1o 070 7 1.0936 .0,13 .0096 .0027 
• 0515 2.7781 4.7069 

7 111 .6749E+08 615.6 .9&44 .21t76 4.8873 .3726 1.0707 1o\l936 .:1213 • OJ 9& .0027 
.0515 2. 7781 4.7069 

. 1 11.2 .&&48E+08 &15.4 .9&51 o21t7& 4.8873 .34H 1.0707 1.0936 .0213 • DO 96 .0027 
.0515 2.77 81 4.7069 

1 113 .6633E+08 612.5 .9651 .2476 4.8873 .3458 1.0492 1oil936 .0213 • OJ96 .01.127 
.0515 2. 7781 4.70&9 

7 114 .6658E+D8 &16.2 .9650 .2476 4.8873 .34:18 1.0492 1.1155 .0213 • 0 u 96 .il027 
.0515 2.7781·· 4.7069 

7 115 .6689E+08 608.8 .9&50 .247& 4.8873 .3.4:18 1.0492 1.!3717 • 0213 • DO 96 .0027 
oD515 2.778.1 4.7069 

7 .11& .6625E+D8 612.3 .9_6_52 .. .• 2-'+76_ -· ..... 4 •. 8 8 7.3 .3458 1. 0 492 1.0936 .0217 • Oil9& • il0.27 
• 0515 2.7781 4.7069 

117 .6641E+08 6!"2.3 .9&51 .247& 4.8873 • 34:18 1.0492 1.093& .0,17 • Oil92 .0027 
.0515 2.7781 4.7069 

7 116 .6626E+D8 .. €>12. 3 .9&5_2 _ .o.24]_6 4.8873 .34:18 1 .• 0 492 1o!l936 .0217 • DO 9& .0025 
.0515 2. 7781 4.7069 

f1 7 119 .&638E+08 612.3 .9!)51 .2476 4.8873 • 3458 1. 0 492 1.[1936 oU217 • Dll9G .0028 
1\) .0515 2. 77 81 4.7()&9 -!'--

7 120 .6624E+08 &12. 3 • 9&52. _.2H& 4.8873 • 345 8 1.0..492 1.093& .0217 • OJ 9& .0027 
.0531 2. 7781 4.7069 

1 121 .&638E+D8 612.3 .9&51 ,247& 4.8873 .3458 1.0 492 1.0936 .0217 .GO 96 .0027 
.0531 2.8316 4o7iJ&9 

.7 _12.2 ____ .6&2!l_E+D8 __ 612.~ .9&.5_2 -------~24_7&_ __ 4,8873 o31t:i8 1o .. i.l492 .. .1.093& .0217 •. 0!196 .0.027 
eil531 2.7245 4.7069 

1 123 .6&19E+D8 612.3 .9652 .247& 4.8873 .3458 1. a492 1.G936 .0217 • DO 96 ,()027 
.0531 2.7781 4.6087 

_7__123 .6619E+08 .61.2 •. 3 .9&52 ...• 2.Ho ... _____ 4~JHt73 - ...• 3458 1 •. 0 49.2 ... __ .1._0 936 .0217 o0i19G • QOZ7. 
.0531 2.7781 4.6087 

PATTERN HOVE 



E.~ SAMPLE INPUT AND OUTPUT FOR OPTIMIZATION PROGRAM 
WITH SNOW - SENSITIVITY MODE 

1 1 1 1 1 
96 0 0 0 0 

':3 1 0 1 0 
1 1. 1 1 
1 
1 
1 1 
0 
1 1 
1· 
0 

44 1964 1 0 274 1 
.05 .20 .25 5.0 .33 3.0 Oe9 

436. 
leO 
o.o e30 

1.0 o.o 166 92 .25 
leO 
.9 • 1 .004 .55 o99 

o.o 4.41 .77 .30 o.o o.o .03 
1 
1 0 
3 0 

PASSUMPSIC R. MAT 1400. -1.5 -2.7 -3.9 -2·7 
:.; 

1 
1 

PASSUMPSIC: RIVER 1400. • 70' 1.1 .023 .006 .003 .054 5.0 .01 
PASSUMPSIC RIVER 32. o.o o.o o.o o.o 
PASSUMPSIC RIVER o.o o.o o.o 
BASINWIDE PARAMETERS 32. 33. .03 .50 
AREAL DEPLETION o24 .39 e52 .64 .75 .82 .88 .92 .96 

1339 6l 6 1 '3 125 ~ 

25 27 29 ':31 33 37 
1 1 
0 
1 
6 6 6 6 6 

' 
6 

-.20 -.10 -.05 .05 .10 e20 
-.013 -.008 -.003 .002 .007 .017 
-.005 -.003 -.001 .002 .Q04 .oo9 
-.002 ·-.001 .001 .002 .004 .oo7 
-. 036 . -.018 .018 .054 .090 .126 

-5-.0 -3.0 -1.0 2.0 5.0 10.0 
3 
0 
0 

.10 .40 .so 
0 0 0 0 

.5 
PASSUMPSIC RIVER AT PASSUMPSIC,VT.--SAMPLE OUTPUT-SENSITIVITY WITH SNOW 

1111111100000111111100000111111]000001111111 
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txj 
I 
1\) 
0' 

iRG 
1 

TA GAGE 
PASSUMPSIC R~ MAT 

SNOW PARAMETERS--CASE=! 

INPUT GAGES USED 

HE GAGE 

T.A'GAGE 
PASSUMPSIC R@ MAT 

ELEV. PERIOD TA LAPSF RATES 
1400. -1.5 -2.7 -3.9 -2.7 

AREA SNOW PARAMETERS 
\-

RG ELEV 
' 1" . -· il.f(l 0 c 

EFC 
fll70 

SCF 
1.a113 

MFMAX MFMIN 
.0231)' .006\l 

NMF UAOJ 
e 0 0 30' - · "$'1l5 4 0 

SI OAYGM 
·s.tHl··- '<lilltU· 

INTIAL SNOW VAlUES -----

WE .NEGHS S8 SBAEsc- SBWS TINOEX RG 
1 o.oo o.ooo 

LIQW STORAGE 
o.ooo c.ooo o.ooo o.ooo o.ooo 32. 

MELT-BASE 
32e0 

BASINWIDE PARAMETERS 

PX-TEMP 
33.0 

PLWHC 
.030 

AREAL DEPLETION CURVE 

Tl-PARM 
.soo 

WE/AI OeO .1 .2 .3 .4 .5 .6 
AESC e05 .24 • 39 ------ ... 52 '-••"'9"6"4' ...• 75 ......... 8'2' 

e7 o8 e9 ieO 
·-.a-s-----------.-~ ... ·--·-.. ·-··~ ··--t-•·1t0 



10 1964 IHRO 5 1968 JHE BUFFER PERIOD IS IRE FIRSt b1 OAfS 

---~-----"----------------------------------------------------------------- ----------------

- ----·-·---u--- - - ,0 . - D-- ·a 
POWER 

3.00110" 

---~u 

cc 
-u--
Kv 

·.ssoo--

--------o-------- -- .--u- -----n--------a--.--------u---------u--
UZSN LZSN CB 

-----.~tnr-- -s-;o-oou------ ~33Ull -- --.-9-oor· 
KGs K24El A K24l EPXH Ki(i) 

-. 99oo-·----- ·.; 251ro' ---- -.11so-tr· --v;;OlTOu---------;;-zU1T1J-----y. oooo 

-------------------------PARAl'tETER----vAUJES"-·-------------------------.----------------

--------u-------------- -------11-------------- -u-- ----------------u--------·-1t- ---------u------ -----------o--- · --- ----11-------------u------11t--------------
K1(2) PEAOJfil PEAOJC2» K3 SRC1 LIRC6 LKK6 CSSR HWARP VWARP FOREST(!) FOREST«ZJ 

u ;.1!1l-n-o-- - - r·~ o o au--- -- n • tllJtJO -- • 311 a o--- --- --."91111-n-- ·- --- ·• to-tttr·--- ---. ~tn4-n-- ------.s1l o o-- -- ----1:-.--octG-o-- ----""! ··ttntttt--· 

------ ------------------ ... -------- -----------------------------------.-----------------------------

----------- --------- · -pARA:KETm---vat:tn:s------------------

----------1------------------n----·-- ... ----- -- -z·- ----------------o-·----------- ---s-------------. --11·---------------q:-----1)"------~--------11 
SCFfi) SCF(2) MFMAX(i) HFMAX(2) MFHINli) HFHIN(2l NMF(il NHF(2) UAOJ(i) UAOJC2) FUCOEFCi) FUCOEF«Z» 

---1;.-ru-n--o-------- --- -r- ---· -- --.- o 2311-----··· ----y---------.ll1l0-a-------- ----I"'·-·-.-tt~---------r-------.-n-51ro-

----- ---- ----- ·· ----- ---·---~Aft~ff"R·-vALUf:S""·---------------

----------o---·------ --n-····-· ----------------o- -· -----. ------o---·- -----------· (t·--- ------ ----·1)------·-----------a----------1]"-----
SI«i» SI«2J OAYGMC1) OAYGM42) PLWHC TOPH AK AN RAIX SAIX EHIGH ElOW 

-----s-o·u Oil1l---·- ---· ----r-------- ;.I! to-o-· · - -- ---r--- --eO ~o a-·----------r-----------r---------y-----~ t.oooo o.oooo 
-----·----- ---------·-- --------- ------------------- ----·------------ ------·-------·------------·------------------------

· .. ---------------------- -----------·--------p-ARA"M£1'£iit"--vAtttE~--------

----·---u----- ------ ·tr··--------- ----------------------------------------------------·--·· 
NEP NDUR 

--1so•-u-t'lit~110llO""· ----- · 

«NOTE ABOVE !NUMBERS CORRESPOND TO A ( ) SUBSCRIPT NUMBERS» 
-------·---------------· ·--·---· -------- ------------------------------- -----------------~------.. -----

THE·riRSI-o1 - 0-AYS·----y------------------oAn- OAt NO. 

-~-----u1ST"'-~~-t:-zs-t""'-····-""S'Gwr ······-··· · ·t_;wst_ .. _____ ,~y---~~--~pr .. --··---~--
n.oooo 4.4100 o7700 .3000 o.oooo o.oooo .0300 

FIXED LAG CHANNEL DELAY HISTOGRAM 
--------- ···t;Ab£ .. ----··t--·--- · o----- -.;tn-o-·----·.;q:u-u-o----·-.-s1ltta------------·----------------· 

----------------------------------- -------------------- -----------------------------------------------------·-- ----

- -------------·-·-------_!:-27 



~ 
I 
1\) 
()) 

SENSlTTV!TY ANALYSIS 

!NIT IAl opr··- P'RE'SENf·-· OPT···-·n ·PERCENT" R' 'COE'F "'MEA·f\1-"""Q"· -~---,~-"''t1Ul11'f···--------v~t:ttE---~~-----------

.9407097E+08 .9407097E+oe ~.ocooo .9184361 596.68 

.. 94010 97E + tnr· ·· :..·t 540 8'3'3E + 09 ":a:·os;;-7946 a· .. a ~9478 - '5 27 • 8 8--- -.. --scF·n:t--· ·· ·~·n·tt1j -· ... ta-.~sz-- ---

.9407097E+08 .1166231£+09 -23.97350 .9079875 562.23 SCFC1) 1.00000 -9.D9091 

.9407U97Ef-1la···-- .otu--3379'9£+09 · •9. 89567 -~9140281 · ··-- srg .. ·tf5·· - -- --s-cr"f!1'"·----·--t·;o--o5rro-o··-··it-.-5'474?·------· 

.. 9407097£+08 .9019183£+08 4.12364 .9202995 613.93 SCFti) 1.15000 4.54545 
• 9 4 0 70 97E +0'8"". ·--·"-~"9'1''1~828 6E f-'0'8" 3~e""'7fti 5' .. 89 2 0 7'4'{t6- ·--~-t;'3fJ e 8 r-~--M~·t1:··t· -~·-"t'e''Z't)i} frft-··~ -~-fl~ 
.9407097£+08 .1089562£+09 -15.82339 .9180374 665.51 SCf(i) 1.30300 16.18182 
.. 9407'097£ + ~ 8 .. 1424t·86E +0 9 -51& 39488 ···-;872243'$ ·---- 81}1- .-s-a· ·ttfMA:X·(t'l ----- • fri'fifrO --56·•·-5 2'1·1"4'·-·-
.9407097£+08 .9014098£+08 4.17769 .9221760 598.54 MFMAX(i) .01500 -34 .. 78261 
.. 94tl7097'E+08 .. 8617U2'2E+'0·8 --s .. 39S-'71 -&92626'53 -~96'8"94 MFI''I'AX«1 t --- .,QliJOtr-·--t--3t.-04348' _____ _ 
.. 9407097£+08 e1028799E+09 -9e36411 e9098624 596.37 MFMAX«!) .02500 6 .. 69565 
.. 94tl7097E +"0 8"'··---- i"i~tf1E +tl'9 -38;. 09 ~ns---·-;-88"432"3'4 --·-· ... '595;,; 7'4--·-Mf'·MAX tt) ---.-o3·0tt·---30o-t.rS4''1""tr----
.9407097E+08 .. 1896409E+09-101e59343 .8305815 594.98 MFMAX(1) .04000 73.91304 
.. 9407097£+08 ;,87tS788Ev--C8 7;,34881- ;,9'243-ntl ---- '5'9'1"'.;82 ·· MHtitHU ;.·ootilu -a-le33'3'3'"3" _____ _ 
o9407097E+il8 e8678341E+08 7.74688 .9248389 597.14 MFMIN(i) .00300 -50.00000 
.. 940 7097E +0 8 ·-;. 9ll632 37£+88 ·3., 65533 • 9215277 --?9ef;;'89' ····l'tF11lNU-l ···--c;l)05Qf.l ·...-toeooo01'"·---·-
.9407097E+08 .1039968£+09 -10 .. 55144 .9091862 596.25 MFMIN«1) .00800 33.33333 
• 9 4 0 7 0 97E +I)'S -. 8'116 4448E+ll9 ... -Z3;. 78 4·oz·.-- .o·89''n95·3'·---··--~s-~ao-·-- -1'tf'-MI~ u;------. 11'11t1lO---oo--.--ooo--or---
•9407097E+08 e1528J78E+09 -62.43885 .8614782 595.06 MFMINC1i .01500 150.0GGOO 
.9407097£+08 "10101'8'5£-+"139 -.7.,38'3Zo···.912G1il1 --sgs.;tt·3- 111MFl1) -.-;lO'ittO --o-o.-o-oo-oi-----
.9407097E+08 e9732250E+08 -3.45646 .9154502 596.56 NHFl1) .00200 -33.33333 
.. 940 7U9 7£+08 .. 9183-865E +D 8 2·.; 37'31)''2 • 921!4474 5 96 .. 79- NMr--u l- - --.--ntl4-o-o----s3'83'33'SS· ----· 
e9407097E+08 .. 8924661£+08 5.12843 e9228064 596e91 NMF(i) o00500 66.,66667 

·· • 94010 9 7E+O s- ""'- -. '853'41l'3'lt'E'-f0tr-- ·-·--g ;-ztttt91! · .--92'63'137 a ..... ·-sg-o;'i3--z-- ---1'-t'Mrt'!·,---- · :· ;tJtt7'-rt1J1:3S·..--s-~-----
.9497097E+08 .8040616£+08 14.52607 .9306947 597 .. 23 NMF(1) .. 61000 233.33333 
.9407091E+08 .. ·-.;-q1s9-S\l'3t'f08 2 .. 30990 · -89'2tt31.'24 · scn-&12-·----m\tl'Jtt) .. Ot801l-o·o;;o-so·o-;-- --
e9407097E+08 .9297424£+08 1.16586 .9193933 596.88 UADJ(1) .03600 -33.33333 
.. 940 r-o 97E+ns · ··-g6-rts-77£:+1l s- -z .o24tlo4· · • 9to'4·9tl·---- - 5"9'6.-'49 ___ · tlADJ tu -- ·-.;-u721lu-- ss-.-3 333s--·---

·e9407097E+08 .1tl14476E+09 -7 .. 84155 .9114747 596e16 UAOJC1> .10800 100.00000 
•. 9 4'0 7 0 -q 7E-+O s·---·---;'"!01"5 in'E"+1t9". •14 & · 3'5 U9'i3 -- .; 9iJSS·n-~ ----- -'5"~·;·1t-a----mtCt'jtt'T--------.J:tr41ttl---tt;f;-.·tre"'61)-y------

•9437n97E+08 .1152826£+09 -22.54854 .8980334 595.97 UADJ(1) .18000 233.33333 
"94 0 7' 0 97E +0 8 ·.t361!i17E+tl9 -44.;67~84 • 88'0973'6 597;; J-t·· .. -----s-rtt t·-----o-.-e-otttttt""'i:'tHJ.it-o-Ottn- - --
e9407097E+08 .1197065£+09 -27.25122 .8945981 597.03 $!(1& 2.00000 -60.00000 
• 940 70 9'1£+0 S a1U0794oE·+tJ-g- ...-r--.-14741 -.;9ttl~-------· -S-96·.; 7~- - ·Si «"t·t-·---'4-.-il-o-o--o--c-----f1l-.~1tt1ttr------
.9407097E+08 e9227908E+U6 1a90483 .9209498 596.12 Sl(1J 7.00000 40.00000 
;,9~r1l7'·1J'91'E t"I}·S·"--"---~·3·t-9'25-6E'+fr'8· --- • 9 3''3'7''6·--·-- ··.; 9'2ittt~'-f· ··· · -~·-.to----·~rt--1;-tle~-1:~.-fri16i)i}----
•9407097E+u8 .. 9319256£+08 .93376 .. 9200994 596.10 SI«1) 15.00000 200.0DOOO 



APPENDIX F 

OPERATIONAL RIVER FORECASTING PROGRAM WITH SNOW--INPUT AND OUTPUT SAMPLES 

Fel OPERATION PROGRAM WITH SNOW~INPUT SUMMARY 

Fe2 SAMPLE INPUT AND OUTPUT FOR OPERATION PROGRAM 
WITH SNOW - EXAMPLE ONE 

F.3 SAMPLE lNPUT AND OUTPUT FOR OPERATION PROGRAM 
WITH SNOW - EXAMPLE TWO 

Fo4 SAMPLE INPUT AND OUTPUT FOR OPERATIONAL PROGRAM 
WITH SNOW - EXAMPLE THREE 
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Fel OPERATION PROGRAM WITH SNOW-INPUT SUMMARY 

c INPUT SUMMARY FOR OPERATIONAL PROGRAM 
******************************************************************************** 
*CARD NO. FORMAT CONTENTS 
******************************************************************************** 
c 
c 
c 
c 
c 
c 
c 

1 !5 
15 

I 5 

I 5 
!5 

PUNCH 1 IN COLUMN 5 
=1 IF THE INITIAL RUN, =0 IF STARTING FROM PREVIOUS DATE 

<INITIAL) 
TAPE NO. OF PREVIOUS CARRYOVER TAPECTAPE THAT CONTAINS 

PARAMETER VALUES AND INITIAL STORAGES) 
TAPE NOo OF CARRYOVER TAPE TO BE USED AT THE END OF THE RUN 
=1 INPUT NEW PARAMETER VALUES, =0 NO (JNPM) 

******************************************************************************** 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

2 !5 
!5 
I5 
15 
!5 

!5 
I5 

I 5 
15 
15 
15 
15 

YEARCLAST TWO DIGITS) 
MONTH NUMBER -- MONTH NOe OF INITIAL DAY 
DAY NUMBER OF INITIAL DAY 
PERIOD NUMBER OF INITIAL PERIOD (4 SIX HOUR PERIODS USED> 
CURRENT DAY NUMBER (IF IN NEXT MONTH USE DAY NO.=CDAYS IN 

PREVIOUS MONTH PLUS DAY NO.)) 
PERIOD NUMBER OF CURRENT PERIOD 
=1 THIS IS A RERUN TO ADJUST PRECIPITATION VOLUME OR TO 

ROUTE NON-COMPUTER MADE FORECASTS DOWNSTREAM, 
=0 NO RERUN FOR ABOVE REASONS <RERUN> 

=1 INPUT NEW INITIAL SOIL MOISTURE STORAGES, =0 NO CINSTORl 
=1 CHANGE FLOWS TO BE ROUTED DOWNSTREAM, =0 NO <INOBSER> 
=1 BEGINNING OF STORM? =0 NO 
=1 RUN TOTAL STORM INSTEAD OF JUST CURRENT UPDATE, =0 NO 
=1 ADJUST SNOWPACK CONDITIONS, =0 NO SNOW ADJUSTMENTS 

******************************************************************************** 
******************************************************************************** 
*FOLLOWING 300 SERIES CARDS ONLY NEEDED IF SNOWPACK CONDITIONS ARE 
* TO BE ADJUSTED. 
******************************************************************************** 
******************************************************************************** 

I 5 NUMBER OF MBP AREAS TO ADJUST SNOWPACK CONDITIONS. 
******************************************************************************** 
C ***NOTE*** REPEAT CARD 302 FOR EACH MBP AREA WHERE SNOW IS ADJUSTED. 
C 302 !5 MBP AREA NUMBER 
C FOR THE FOLLOWING ADJUSTMENTS LEAVE THE COLUMNS BLANK IF NO ADJUSTMENT. 
C F5e2 NEW INITIAL TOTAL WATER-EQUIVALENT OF THE SNOWPACKo 
C PROGRAM PROPORTIONS CHANGE BETWEEN SOLID AND LIQUID 
C PHASE BY KEEPING PERCENT LIQUID WATER CONSTANT 
C F5o2 NEW AREAL EXTENT OF SNOW COVER CeGE.Oe05 --.LEe1o0) 
C PROGRAM COMPUTES RATIO BETWEEN NEW AREAL COVER AND 
C OLD AREAL COVER AND USES THIS RATIO ON ALL FUTURE 
C RUNS UNTIL AREAL COVER IS ADJUSTED AGAIN OR THE 
C SNOWPACK IS GONE. 
C F5e2 ADJUSTMENT MULIPLYING FACTOR FOR NON-RAIN MELT-FACTOR. 
C F5o2 ADJUSTMENT MULTIPLYING FACTOR FOR WIND FUNCTION DURING 
C RAIN ON SNOW EVENTS. 

F-2 



c 
c 
c 

F5.2 

F5.2 

ADJUSTED GAGE CATCH DEFICIENCY FACTOR FOR SNOW OCCURING 
DURING THIS RUN. 

NEW INITIAL VALUE OF NEGATIVE HEAT STORAGE. 
******************************************************************************** 
******************************************************************************** 
CARD5 ?-4 NEEDED ONLY IF CINITIAL.EQ.O.AND.INSTOR.EQ.1) 
******************************************************************************** 
c 
c 

3 !5 NO. OF MBP AREAS AT WH1CH TO CHANGE INITIAL SOIL MOISTURE 
<NGCHGE) 

******************************************************************************** 
c 
c 
c 
c 

4 I5 
7F5.2 

MBP AREA NUMBER FOR THE RUN 
INITIAL SOIL MOISTURE VALUES 

<UZSI,LZSI,SGWI,GWSI,RESI,SRGXI,SCEPI> 
REPEAT CARD 4 FOR (NGCHGE> MBP AREAS> 

******************************************************************************** 
CARD 5 ONLY NEEDED IF CINITIAL.EQ.O)oAND.<INOBSER.EQ.1) 
**********************************************************·********************** 
c 
c 
c 

5 16!5 FLOW TO BE ROUTED DOWNSTREAM <1 TO NPTS) 
=1 ROUTE OBSERVED 
=0 ROUTE SIMULATED 

******************************************************************************** 
CARD 6 ONLY NEEDED IF <INITIAL.EOoOoAND.INPMeEQ.O) 
******************************************************************************** 
C 6 I5 =1 OUTPUT PARAMETER VALUES, =0 NO 
C I5 LENGTH OF FORECAST IN DAYS -- THUS LAST FORECAST DAY WILL 
C BE CURRENT DAY PLUS LENGTH =0 IF NO FORECAST NEEDED 
C I5 =1 SNOW IS TO BE INCLUDED IN THIS RUN, =0 NO SNOW PRESENT. 
******************************************************************************** 
* CARDS 7 THROUGH 23 <INCLUD. 200 SERIES CARDS> ARE ONLY NEEDED IF <INITIAL. 
c EOo1oOReiNPM.EQ.1) 
******************************************************************************** 
c 7 20A4 BASIC RUN INFORMATION SUCH AS DATE,ETC. 
******************************************************************************** 
c 8 20A4 BASIN NAME 
******************************************************************************** 
C 9 I5 NO. OF MBP AREAS USED IN RUN <NGAGES> 
C I5 NO. OF PE STATIONS USED <NPEGS) 
C I5 NO. OF STREAM-FLOW-POINTS USED CNPTS> 
C !5 NO. OF UPSTREAM INFLOW POINTS NEEDED FROM OUTSIDE 
C AREA BEING RUN <NPTSUP) 
******************************************************************************** 
c 
c 
c 
c 
c 

10 10A4 
!5 
I5 

<REPEAT CARD 10 

NAME OF PE STATION 
NEP 
NDUR 
FOR EACH PE STATION(l TO NPEGS})--ORDER OF READ DETERMINES 

PE STATION NUMBER FOR THE RUN> 
******************************************************************************** 
C 11 16I5 ASSOCIATES PE STATIO~S TO MBP AREAS 
C 1 TO <NGAGES> VALUES ARE NEEDED 
C E.G. <NGAGES)=3,(NPEGS>=2, CARD 11=2'1'2 
C .·HEN THE 1ST PRECIP AREA WILL USE ~E FROM N0.2 

PE STATION 
THE 2ND PRECIP AREA WILL USE PE FROM NOel 

PE STATION 

c 
c 
c 
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c 
c 

THE 3RD PRECIP AREA WILL USE PE FROM N0.2 
PE STATION 

******************************************************************************** 
c 12 
c 
c 
c 
c 
c 
c 
c 
c 

16I5 DESCRIBES OBSERVED DISCHARGE TO BE READ IN AT EACH 
FLOW-POINT (1-NPTS) 

=0 NO OBSERVED SIX HOUR DISCHARGE 
=1 OBSERVED SIX HOUR DISCHARGE IN THE PAST <INITIAL DAY, 

INITIAL PERIOD TO CURRENT DAYtCURRENT PERIOD) 
=2 OBSERVED SIX HOUR Q IN PAST PLUS EST. OF SIX HOUR Q IN 

THE FUTURE (THROUGH CURRENT DAY PLUS LENGTH) 
IF FUTURE Q IS MISSING <NEGATIVE), THEN SIMULATED 
FORECAST IS USED. 

******************************************************************************** 
C 13 1615 TYPE OF ROUTING TO BE APPLIED TO REACH ABOVE FLOW-
e POINT <1 TO NPTS) EOUAL TO 1 FOR NOW 
C 1 IS FOR LAG AND K ROUTING INCLUDING VARIABLE 
C SEE CHAPTER 6 OF HYDR0-14 FOR ADDING OTHER ROUTING 
C PROCEDURES. 
******************************************************************************** 
( 14 
c 
c 

16I5 FLOW TO ROUTE DOWNSTREAM <1 TO NPTS) 
=1 ROUTE OBSERVED 
=0 ROUTE SIMULATED 

******************************************************************************** 
C 15 !5 =1 OUTPUT PARAMETER VALUES, =0 NO 
C I5 LENGTH OF FORECAST IN DAYS -- THUS LAST FORECAST DAY WILL 
C BE CURRENT DAY PLUS LENGTH =0 IF NO FORECAST NEEDED 
C I5 =1 SNOW IS TO BE INCLUDED TN THIS RUN, =0 NO SNOW PRESENT. 
C I5 =1 IN COLUMN 20 
C !5 =1 INPUT SNOW PARAMETERS (CAN BE DONE EVEN IF THERE IS 
C CURRENTLY NO SNOW ON THE GROUND>. 
******************************************************************************** 
c 16 I 5 NUMBER OF FUTURE<QPF) AREAS TO BE USED <NFPXGS) 
******************************************************************************** 
C 16A 
c 
c 
c 
c 

16!5 ASSOCIATES QPF AREAS TO MBP AREAS -- SAME TYPE AS CARD 11 
CARD 16A NEEDED ONLY IF <NFPXGS.ET.O) 

IF CNFPXGS.EQ.O) THEN FUTURE PRECIP AND PE IS SET TO 0.0 
IF FUTURE PRECIP IS INPUT THEN FUTURE PE MUST ALSO BE INPUT 
FOR EACH PE STATION. 

******************************************************************************** 
C**NOTE** REPEAT CARDS 17 THROUGH 20 FOR EACH MBP AREA <NGAGES> 
C 17 5A4 NAME OF MBP AREA 
C 4F5e2 SOIL-MOISTURE VOLUME PARAMETERS 
C tF5e1t MODo STANFORD WATERSHED MODEL 
C F5.2t ORDER OF PARAMETERS IS --
C 2F5.1' K1tA,EPXM,UZSNtLZSN,CB,POWER,CCtK24L 
C F5e2 <PARAMETERS DEFINED IN SECTION 4e3 OF HYDR0-14) 
******************************************************************************** 
C 18 20X, EVAPOTRANSPIRATION PARAMETERS FOR SOIL MOISTURE 
C 5F5o2 ORDER IS K3tGAGEPEtEHIGHtELOW,K24EL 
******************************************************************************** 
c 19 
c 
c 
c 

20X, 
2F5e29 

F5e49 
2F5e2 

SOIL MOISTURE TIMING PARAMETERS 
ORDER IS--

SRCl,LIRC6,LKK6,KVtKGS 
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**********************************~**********************************~********** 
( 20 
c 
r 
c 
( 

c 
r 

c 
c 
~-** 

c 
c 

7F5ol 
SOIL MOISTURE INITIAL CONDITIONS 

ORDeR IS---UZSI ,LZSI ,SG\AJT ,G\'JSI ,RESI ,SRGXI ,SCEPI 
UZS=UPPER ZON~ STORAGE 
LZS=LOWER ZONE STORAGE 
SGW=GROUNDWATER STORAGE 
GWS=ANTECEDENT GW INFLOW INDEX 
RES=SURFACE DETENTION 
SRGX=INTERFLOW DETENTIO~ 
SCEP=INTERCEPTION STORAGE 

*NOTF*•••••••••••••••••CARD ?0 IS NOT NEEDFn IF!INITIAL.EO.OI 
INITIAL MOISTURE STORAGES ARE CARRIFD OVER FROM PREVIOUS RUN 

IN THIS CASE 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
*********NOrE********** THE FOLLOWING ?00 SERIES CARDS ARE NFEDFD IF SNOW 
C PARAMFTFRS ARE NEEDED. SNOW MAY OR ~AY NOT CURRENTLY BE PRESENT. ******** 
******************************************************************************** 
***********~******************************************************************** 
c ?02 
r 

T S 
IS 

NU~BER OF ~AT AREAS USFn I~ THIS RUN !NTAGI 
NU~PER OF PRFCICTED TE~PERATURE AR~AS!FUTURF TEMP.) USED. 

******************************************************************************** 
c 203 
c 
c 
c 
c 
c 

SAL+ 
FlO eO 
I+ F 5o 1 

NAME OF MAT AREA 
MEAN ELEVATION OF MAT AREA TN FEET 
AIR TEMPERATURE LAPSE RATES FOR MID-6AM,6AM-NOON, 

NOON-6~M,6PM-~ID. DEG. F/1000 FT. ELEV. CHANGE 
NOT~ •• RFPFAT THIS CARD FOR EACH MAT AREA. CARD ORDER 

DEFINES MAT ORDFR NUMBER FOR THIS RUN. 
******************************************************************************** 
C 204 5A4 NAMF OF PREDICTED TEMPERATURE AREA 
C F10.0 MEAN FLFVATJON OF PREDICTED TE~PERATURE AREA IN FEET. 
C NOTE •• REPFAT THIS CARD FOR FACH PREDICTF~ TEMPERATURE AREA. 
C CAR D .0 R DE R f) F F I N E S P R F D T C T ~ D T E ~1 P • 0 R D E R -I\! l.l ~~ B E R F 0 R T H I S RUN • 
******************************************************************************** 
c 205 1 6 T E3 
( 

c 
(" 

c 
c 
c 
c 
c 

ASSOCIATES MAT AREAS TO MBP AREAS 
1 TO ! NGI\GES I V.ALUES ARE NE~DED 

E.G .. ("JGAGFSJ=-:<, !NTAGI=2' CAR[) 20t:)=2•J d 
THEN THE 1 ST PR~CTP AREA WILL USE AIR TEMPERATURE 

FROM ~AT AREA N0.2 
2 ND PRECIP AREA WILL US~ AIR TEMPERATURE 

FROM MAT AREA N0.1 
3 RD PRECIP AREA WILL USF AIR TEMPERATURE 

FROM ~AT AREA N0.1 
******************************************************************************** 
c ~06 16I5 SAME AS CARD 20t:) FXCEPT FOP PREDICTED T~MPERATUR~ AREAS. 
******************************************************************************** 
******************************************************************************** 
C NOTE •• R~PEAT CARnS 207 THRU 211 FOR EACH MEAN BASIN PRECIPITATION AREA IF 
r INTTTAL RUN•!TNITIAL=ll• IF NOT INITIAL RUN THFN INITIAL VALUES OF 
C SNOWPACK VARIABLES ALRFADY EXIST. THUS CARDS 208,209 ARE NOT NEEDED. 
******************************************************************************** 
C 287 20X,FJO.O 
C F5. 2 

MEAN AREA ELEVATION IN FEFT 
PERCENT/100 OF AREA OVER WHICH EVAPOTRANSPIRATION CAN TAKE 
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c 
c 
c 
c 
r 

( 
c 
c 
r 

c 

PLACF WHEN THERE IS COMPLETE AREAL SNOW COVER IEFCJ 
F5.2 MULTIPLYING FACTOR TO CORRECT FOR GAGE CATCH D~FICIENCY 

IN THE CASE OF SNOWFALL. ISCFl 
F5.4 MAXIMUM NON-RAIN MELT FACTOR OCClJRS ON JUNE 21. IMFMAXJ 
F5.4 MINIMUM NON-RAIN MELT FACTOR -- OCCURS ON DEC. 21. IMFMINl 
F5.4 MAXIMUM NEGATIVE MELT FACTOR -- INMFI 

NOTF •• UNITS FOR MELT FACTORS ARF INCHES/DEG.F/SIX HOURS 
F5.4 MEAN WIND FUNCTION VALlJE DURING RAIN ON SNOW PERIODS 

UNITS ARE INCHES/INCH OF ~FRCURY fUADJI 
F5.1 AREAL WATER-EQUIVALENT !INCHES! ABOVE WHICH THERE IS 

ALWAYS COMPLFTE AREAL SNOW COVER. !Sil 
F5a2 DAILY MELT AT THE SNOW-SOIL INTERFACE IN INCHES. fDAYGMI 

******************************************************************************** 
C ?C8 
c 
( 

c 
c 
c 
r 
~ 

c 

20X,F5.n 
F5.2 

F5.2 
F5.2 
F5.2 

INITIAL VALUES OF SOME SNOW COVER VARIABLES. 
ANTFccrENT SNOW TEMP. JNDFX IOEG. Fl (~Til 
FREE WATER TN SNOW TN EXCESS OF THAT HFLD AGAINST GRAVITY 

DRAINAGE fiNCHFSI 
POINT SB ON ARFAL DFPLETION CURVE fiNCHES! 
PERCENT/100 AREAL SNOW COVFR AT POINT SR. 
POINT SRWS ON AREAL DEPLETION CURVE IINCHFSI 

rHAP. 3 FOR FURTHFR EXPLANATION OF THFSE INITIAL VALUES. 
******************************************************************************** 
C 2C9 
( 
( 

c 
c 

c 

F5.2 
F5.2 

INITIAL VALUES OF MAJOR SNOW COVER VARIABLES 
INITIAL WATER-EQUIVALENT OF SOLID PORTION OF THE 

SNOWPACK. fiNCHES! 
TNITTAL NEGATTVF HEAT STORAGE CINCHES) 
INITIAL AMOUNT OF FRFE WATFR HELD AGAINST GRAVITY 

DRAINAGE IINCHFSl. MAXIMUM EQUALS PERCENT LIQUID 
WATER HOLDING CAPACITY TIMES INITIAL WATER-EQUIVALENT. 

****************~*****************************;********************************* 
******************************************************************************** 
r 210 

c 
c 
c 
c 

?OX,F5.0 
F5.0 

F5.2 

ADDITIONAL SNOW PARAMET~RS 
MELT FACTOR BASE TEMPERATURE (DEG. Fl (MBASEl 
TEMPERATURE fDEG. ~l TO DIVIDE RAIN FROM SNOW (PXTEMPI 

IF AIR TEMPERATURE GREATER,THEN RAIN 
IF AIR T~MPERATURE LESS THAN OR EOUAL,THEN SNOW 

PERCFNT/100 LIQUID WATER HOLDING CAPACITY !PLWHCI 
MAXIMUM A~OUNT OF FREE WATER HELD AGAINST GRAVITY. 

ANTECEDENT SNOW TEMP. INDFX PARAMETER fTIPMI 
f.GE.n.O --.LE.l.OI 

******************************************************************************** 
C 211 20X,9F5.2 
c 
c 
c 
c 
c 

AREAL SNOW COVER DEPLETION CURVE 
PERCENT/100 AREAL EXTENT OF SNOW COVER AT 
WATER EQUIVALENT/AI RATIOS OF O.I,Q.2,Q.3,0.4,Q.5, 

0.6,0.7,0.8,0.9 !SEE SECTION 1.3.3 FOR DEFINITION 
OF ~Il FOR RATIO=O.O AREAL COVER=0.05 

RATIO=l.O AREAL COVER=l.OO 
******************************************************************************** 
******************************************************************************** 
******************************************************************************** 
(**NOTF**rARD ?lA JS ONLY NEEDED WHEN THE NUM8FR OF UPSTREAM INFLOWS 
C rROM OUTSIDE T~E AREA BEING RUN IS.GT.O !NPTSUP.GT.OI 
C 21A 7A4 NAME OF UPSTREAM INFLOW POINT 
r 2X,F10.0 AREA OF UPSTREAM INFLOW POINT (TOTAL AREA ABOVE GAGE SQ.MI1 
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c 
c 
c 
c 
c 
c 

REPEAT CARD 21A FOR EACH UPSTREAM INFLOW POINT (1 TO NPTSUP>> 
ORDER OF CARDS DETERMINES FLOW-POINT NUMBER FOR RUN 
FIRST UPSTREAM INFLOW POINT IS ASSIGNED FLOW-POINT NUMBER 

EQUAL TO <NPTS+l) ETC. EeGe IF NPTS=3 THEN THE FIRST 
UPSTREAM INFLOW POINT BECOMES FLOW-POINT 4 FOR 
THE RUN:. 

*******************************~************************************************ 
C**NOTE** REPEAT CARDS 21 THROUGH 23 (~F ALL NEEDED) FOR EACH FLOW-POINT 
C WITHIN RUN AREA (NPTSI . 
C ORDER OF CARDS DETERMINES FLOW-POINT NUMBER FOR THE RUN. 
C NOTEeeeALL FLOW-POINTS UPSTREAM FRO~ GAGE MUST HAVE A SMALLER RUN 
C NUMBER THAN THE GIVEN ~AGE--EXCEPT FOR UPSTREAM INFLOW-POINTS 
C FROM OUTSIDE THE AREA BEING RUNCSEE CARD 21A> 
C 21 7A4 NAME OF FLOW-POINT 
C 2X,Fl0e0 TOTAL AREA ABOVE FLOW-POINT IN SQUARE MILES 
C tF5e2• CONSTANT K ROUTING FACTOR IN HOURS =OoO IF VAR. K USEd 
C 15 =1 USE VARIABLE K =0 NO ' 
C I5 =1 USE VARIABLE LAG =0 NO 
C I5 ROUTING· INTERVAL IN HOURS <MUST=6 FOR NOW) 
C I5 NOe OF VALUES IN TIME-DELAY HISTOGRAM FOR LOCAL AREA 
C I5 NOe OF UPSTREAM INFLOW POINTS TO LOCAL AREA CNUPIN) 
C . THESE CAN BE UPSTREAM INFLOWS FROM OUTSIDE OR 
c INSIDE THE RUN AREA I 

C !5 NOeOF POINTS TO DEFINE VARIABLE K VS OUTFLOW CURVE 
C !5 NOe OF POINTS TO DEFINE VARIABLE LAG VS INFLOW CURVE 
******************************************************************************** 
C 218 8Fl0e0 VARIABLE K VSeOUTFLOW CURVE IF NEEDED K IN HOURS · 
C MAXIMUM POINTS TO DEFINE CURVE IS 10 <THUS 3 CARDS> 
C VALUES READ IN PAIRS (FLOW,K> 
C SO 4 PAlRS OF <FLOW,KJ CAN GO ON A CARD 
C K AT ZERO FLOW MUST BE FIRST POINT 
C CALCULATIONS USING K ARE BASED ON A LINEAR 
C INTERPOLATION BETWEEN POINTS 
C K VALUE FOR HIGHEST DEFINED FLOW IS USED FOR 
C ALL FLOWS ABOVE THAT DISCHARGE 
*******************************************~************************************ 
C 21C 8Fl0e0 VARIABLE. LAG VSe INFLOW CURVE IF NEEDED LAG IN HOURS 
C MAXePTS=lO, VALUES IN PAIRSCFLOWtLAG), 4 PAIRS. PER CARD 
C LAG AT ZERO FLOW MUST BE FIRST POINT 
C CALCULATIONS USING VARIABLE LAG ARE BASE ON 
C LAGGING THE VOLUME OF FLOW IN THE INTERVAL 
C FLOW(N) TO FLOWCN+l) BY THE AVERAGE LAG FOR 
C THAT INTERVAL CLAGCN)+LAG(N+1))*0e5 
C LAG VALUE FOR HIGHEST DEFINED FLOW IS USED FOR 
C All FLOW ABOVE THAT DISCHARGE 
******************************************************************************** 
C 22 30X, TIME DELAY HISTOGRAM CMAX.NO OF POINTS=30) 
C 10F5e2 HISTOGRAM IS FOR LOCAL AREA SUMMATION OF VALUES=leO 
******************************************************************************** 
C 23 30X, MBP AREAS TO BE ASSIGNED TO EACH ELEMENT OF THE TIME-DELAY 
C 10!5 HISTOGRAM --- MBP AREAS DESIGNATED BY RUN NO. WHICH 
C IS DETERMINED BY THE ORDER CARDS 17 TO 20 WERE READe 
******************************************************************************** 
C 21D. 30X, RUN NO. OF EACH UPSTREAM INFLOW POINT TO LOCAL AREA 



C 5I5 NEEDED IF CNUPIN.GToO) 
******************************************************************************** 
C 21E 30X, CONSTANT LAG FOR EACH UPSTREAM INFLOW POINT 
C 5F5el CLAG IN HOURS) 
C **NOTE** TOTAL LAG CONSISTS OF CONSTANT PLUS VARIABLE COMPONENT 
******************************************************************************** 
*****************************************************************'************** 
*NEXT GROUP OF CARDS INPUTS DATA FOR THE PERIOD FROM (INITIAL DAY-INITIAL PERIOD 
* TO CURRENT DAY-CURRENT PERIOD> FROM SUBROUTINE DATAIN 
******************************************************************************** 
******************************************************~************************* 
C 24 I5 MONTH NUMBER 
C I5 DAY NUMBER 
C 4F5.2 PRECIPITATION FOR EACH SIX HOUR PERIOD 
C (REPEAT CARD 24 FOR EACH DAY THAT PRECIPITATION IS .GT.OeO 
C PLUS ALWAYS HAVE A CARD FOR THE CURRENT DAY> 
C <REPEAT CARD 24 FOR EACH MBP AREA AFTER IT IS REPEATED FOR EACH DAY) 
******************************************************************************** 
C 25 lOX, PE FOR EACH PE STATION (1-NPEGS) 
C 14F5e3 
C <REPEAT CARD 25 FOR EACH DAYCINITIAL DAY THROUGH CURRENT DAY) 
******************************************************************************** 
C 25A THIS CARD IS ONLY NEEDED IF SNOW IS INCLUDED IN THIS RUNe 
C lOX, AIR TEMPERATURE FOR EACH SIX HOUR PERIOD. 
C 4F5e0 <REPEAT CARD 25A FOR EACH MAT AREA AFTER IT IS 
C REPEATED FOR EACH DAY AT A GIVEN MAT AREA.> 
*****~************************************************************************** 
C 26 lOX, STAGE TENDENCY PLUS DISCHARGE AT END OF EACH SIX HOUR PERIOD 
C 4(Fl.O,F9.0) STAGE TENDENCY-- ZERO OR BLANK (NO REPORT) 
C =1 <RISING) =2 (FALLING) =3 <STATIONARY> 
C (REPEAT CARD 26 FOR EACH DAY <INITIAL THROUGH CURRENT>> 
C NOTE.GROUPS OF CARD 26 ARE NEEDED AT EACH FLOW-POINT WHERE SIX-HOUR 
C DISCHARGE IS TO BE READ IN--CSEE CARD 12) 
C PLUS ALL UPSTREAM FLOW-POINTS FROM OUTSIDE THE BASIN 
C FOR UPSTREAM INFLOWS STAGE TENDENCY CAN BE BLANK 
C NOTE •• INPUT OF CARD 26 GROUPS IS IN ORDER OF FLOW-POINT RUN NUMBER 
C NOTE.IF OBSERVED FLOW IS TO BE ROUTED DOWNSTREAM THEN A FLOW VALUE 
C MUST ~E SUPPLIED FOR EACH SIX HOURS -- IF SIMULATED ROUTED 
C DOWNSTREAM FLOW VALUES DO NOT HAVE TO BE SUPPLIED EACH SIX HOURS 
C BUT ONLY WHEN READINGS ARE AVAILABLE. 
******************************************************************************** 
******************************************************************************** 
*NEXT GROUP OF CARDS ONLY NEEDED IF(LENGTH.GT.O.) 
*****************************************~************************************** 
*****************~************************************************************** 
C CARDS 27 AND 28 ONLY NEEDED IF (NFPXGS.GT.O> 
******************************************************************************** 
c 27 
c 

SAME AS CARD 24 GROUP ONLY FOR (CURRENT DAY TO CURRENT DAY PLUS LENGTH 
AND FOR QPF AREAS INSTEAD OF MBP AREAS> 

******************************************************************************** 
c 28 SAME AS CARD 25 GROUP ONLY FOR FUTURE PE DATA 
******************************************************************************** 
c CARD 28A IS ONLY NEEDED IF SNOW IS INCLUDED IN THIS RUN. 
******************************************************************************** 
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C 28A SAME AS CARD 25A GROUP EXCEPT FOR PREDICTED TEMPERATURE AREAS AND 
C FOR CURRENT DAY TO CU~RENT DAY PLUS LENGTH. <FUTURE TEMPe DATAl 
******************************************************************************** 
*** CARD 29 NEEDED I~ THERE ARE FLOW POINTS WITH A CARD 
C 12 VALUE EQUAL 2 OR UPSTREAM FLOW-POINTS FROM OUTSIDE. THE BASIN 
******************************************************************************** 
C 29 SAME AS CARD 26 GROUP ONLY FOR FORECAST FLOWS FROM ALL FLOW-POINTS 
C WITH A CARD 12 VALUE OF 2_0R UPSTREAM INFLOWS FROM OUTSIDE THE 
C CURRENT RUN AREA <IN ORDER OF THEIR RUN NUMBER) (TENDENCY=BLANK) 
******************************************************************************** 
******************************************************************************** 
*NEXT GROUP OF CARDS ONLY NEEDED IF RERUN.E0e1 
*************************************************************************~***** 
******************************************************************************** 
C 30 15 NO. OF MBP AREAS TO ADJUST PRECIP BY A MULTIPICATION FACTOR 
C I5 NO. OF FLOW-POINTS TO INPUT A FORECAST <THESE ARE 
C POINTS WHERE THE HYDROLOGIST WANTS TO CHANGE THE 
C COMPUTER FORECAST> 
******************************************************************************** 
C 31 !5 MBP AREA NUMBER 
C F5e2 ADJUSTMENT MULTIPLYING FACTOR 
C (REPEAT CARD 31 FOR EACH MBP AREA TO BE ADJUSTED) 
C NOTE •• CARD 31 NEEDED ONLY IF AT LEAST ONE MBP AREA IS ADJUSTED 
******************************************************************************** 
CARDS 32,33 ONLY NEEDED IF HYDROLOGIST WANTS TO CHANGE A COMPUTER FORECAST 
****************************************~·****************~********************** 
C 32 16I5 FLOW-POINT NUMBERS WHERE FORECAST IS TO BE CHANGED 
C NOTEeeA HIGHER NUMBER CANNOT PRECEED A LOWER NUMBER 
******************************************************************************** 
C 33 lOX, HYDROLOGIST FORECAST CCFS) FOR EACH SIX HOURS 
C 4Fl0e0 
c 
c 
c 

<REPEAT CARD 33 FOR EACH DAY <CURRENT DAY-CURRENT DAY+LENGTH)) 
<REPEAT CARD 31 GROUPS FOR EACH FLOW-POINT WHERE FORECAST 

IS TO BE CHANGED -- IN ORDER GIVEN BY CARD 32) 
******************************************************************************** 
******************************************************************************** 
*********************************************************************~********** 
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1 1 0 
4 1 

Fe2 SAMPLE INPUT AND OUTPUT FOR OPERATION PROGRAM 
WITH SNOW - EXAMPLE ONE 

1 1 
1 5 1 0 0 0 0 0 0 69 

SAMPLE INPUT DATA FOR NWSRFS OPERATIONAL RIVER FORECASTING PROGRAM 

ROCK RIVER AT ROCK RAPIDS,IOWA 
1 1 1 0 

SIOUX CITY,IOWA -- T.R.NO. 38 PE DATA 91 136 
1 
1 
1 
0 
1 0 1 1 1 
1 
1 

MBP ABe ROCK RAPIDS 1 .o o.o .30 .75 4e0 .02 2.5 1.4 o.o 
MBP AB. ROCK RAPIDS .20 .92 1 ,tl o.o o.o 
MBP AB .. ROCK RAPIDS .9 .07.0075 4.0 o98 
MBP AB. ROCK R.A.PIDS 1.0 4.2 .15 e 10 o.o o.o e30 

1 1 
fvlAT ABe ROCK RAPIDS 1600. -1. -3. -5. -3e 
SW MINN. FORECAST TA 1600. 

1 
1 

AREA ABe ROCK RAPIDS 1600. o.o 1.3 .04 .02.0075 e15 1e5 o.o 
AREA AB. ROCK RAPIDS 32e o.o 7.2 1.0 7.2 
AREA AB .. ROCK RAPIDS 6.0 o.o lo2 
BASINWIDE SNOW PARMa 32e 33. e20 .5 
AREA DEPLETION CURVE • 24· .39 e52 .64 .75 .81 .87 .9? .96 
POCK RIVEP ABOVE ROCK RAPIDS 788. 3.4 0 0 6 16 0 

. TIME-DELAY-ROCK RAPIDS .. 037 .071 .094 .087 e090 .097 o111 .125 

TIME-DELAY-ROCK RAPIDS .048 .028 .019 .009 .005 .002 
GAGE-AREA -ROCK RAPIDS 1 1 1 1 1 1 1 1 

GAGE-AREA -ROCK RAPIDS 1 1 1 1 1 1 

4 4 oOl 
4 5 0&0 
4 1 .103 
4 2 e106 
4 3 .110 
4 4 ol13 
4 5 .116 
4 1 32 37 40 32 
4 ? 29 34 37 32 
4 3 30 37 42 36 
4 4 33 38 40 31 
4 5 27 
4 1 3 53. 
4 2 3 53. 
4 3 1 166. 
4 4 1 760.1 1370.3 2299 
4 52 2244. 
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JUNE,1973 

VOL PARM 
ET PARM 

TIME PARM 
INITIAL 

0 0 
e104 .073 

1 1 



ROCK RIVER AT ROCK RAPIDS,IOWA 

SAMPLE INPUT DATA FOR NWSRF~ OPERATIONAL RIVER FORECASTING PROGRAM JUNE,1973 

BASIC RUN INFORMATION 

"".! 

:... ..... 

NUMBER OF PRECIPITATION GAGES= 1 NUMBER OF FLOW-POINTS= 1 NUMBER OF POTENTIAL ET STATIONS= 1 QPF AREAS= 1 
EVAPORATION PARAMETERS ARE SIOUX CITY,IOWA -- T.R.NOw 38 PE DATA NEP= 91 NDUR=136 

OPERATIONAL FORECAST MODE APR 9 1969 DAY 1-1 TO .DAY 5-1 FORECAST 0 DAYS 

SNOW IS INCLUDED 



~ 
1\.) 

ROCK RIVER AT ROCK RAPIOS,IOWA 

SAMPLE INPUT DATA FOR NWSRFS OPERATIONAL RIVER FORECASTING PROGRAM JUNE,1973 

RG PRECIP. GAGE NAME K1 A 
1 MBP AB. ROCK RAPIDS 1.000 o.ooo 

RG SRC1 l IRC6 LKK.6 KV KGS 
i .900 .070 .0075 4.000 .9800 

RG 
1 

UZS LZS 
1 .. 00 4.20 

SGW 
.15 

GWS 
.10 

RES 
o.oo 

SOIL MOISTURE VOLUME PARAMETERS 

EPXM 
.300 

UZSN LZSN 
.750 4.000 

CB POWER CC K24L 
.020 2.500 1.400 o.ooo 

SOIL MOISTURE TIMING PARAMETERS 

SOIL MOISTURE INITIAL VALUES 

SRGX 
o.oo 

SCEP 
.30 

K3 GAGEPE EHIGH ELOW K24EL 
o200 e920 1s100 OeOOO OeOOO 



'o:J 
I 
1-J w 

SNOW PARAMETERS--CASE=! 

INPUT GAGES USED 

PREOICTEO TEMPERATURE AREA RG 
1 

TA GAGE 
MAT AB. ROCK RAPIOS SW ~INN. FORECAST TA 1600. FEET 

TA GAGE 
MAT AB. ROCK RAPIDS 

RG ELEV EFC 
1 160(1. o.oo 

RG WE NEGHS 
1 6.00 o.ooo 

MELT-BASE PX-TEHP 
32.0 33.0 

ELEV. PERIOD TA LAPSE RATES 
16oo. -1.0 -3.o -5.o -J.o 

AREA SNOW PARAMETERS 

SCF HFMAX MFM!N NMF UAOJ 
1.30 • 0400 .0200 .0075 .1500 

INTIAL SNOW VALUES 

LIQW STORAGE SB SBAESC sews 
1. 200 0. 0 0 0 7.2()0 1.000 7.200 

BASINWIDE PARAMETERS 

PLWHC TI-PARM 
.zoo .500 

AREAl DEPLETION CURVE 
WE/AI o.o .1 .2 .3 .4 .s 
AESC .os .24 .39 .52 .64 e75 

SI 
1.50: 

TINOEX 
32. 

.6 
.81 

O~.YGM 

o.ooo 

.7 .s .9 1.0 
.87 .92 .96 1.00 



~ 
~ 

ROCK RIVER -AT ROCK RAPIOS,IOWA 

S.A.HP.LE .. .INP.ULOATA FOR NWSRFS. . .OPERA TIONAL RIVER FORECASTING PROGRAM. 

~LOW•POINT PARAMETERS 

FP - - .... FLOW-POINT NAME AREA KS1 OBSER SIX IN -CHECK 
1 ROCK RIVER ABOVE ROCK RAPIDS .788.00 3o40 0 1 1 

. ·•·-·-· ·~-·-- ~- -~~ .. --.. ·~ . ·--·· r. 

JUNE,1973 

HISTOGRAMS 
TIME-DELAY .037 .071 .094 .087 .• 090 o097 •. 111 o125 o1D.4 .073 

.o4s .o2a .• o19 .oog .oo~ .oc2 ~ .. -
G~GE AREA 1 1 ' 1 1 1 1 1 '1 1 1 

1 1 ·1 1 1 1 



~ 
VI 

.SIX HOUR FLOW PLOT ROCK RIVER ABOVE ROCK RAPIDS APR ,1969 •=SIMULATED +=OBSERVED 
STAGE TENDENCY (+J NOT REPORTED (+>) RISING (<+) FALLING (<+>) STATIONARY 

$=FORECAST 

TI.Hf .. 0 • .0 
.1-1 • 
--1-2 •• 
1-3 + • 

--1•4 • • 

--400.0 300.~ 1200~0 1600.0 2~00.0 2400.0 2800.0 3200.0 

2-1 • • 
_z,z_ . .C.f:>. ---·- - --• .. 

2-3 + .. 
2~- + • • 
3-1 + • .. • 

__ J,.z • +> • •. 
3-3 + • • • 
_J.,.It :+ ·---- .. . • . • .. 
4-1 • • • • • • 
4-2 • • +> • • ... 
4-3 • • • • +> • • • .. • • 
4-4 • .• • • • • <+> • • •• 

3600.0 4000.0 

5-1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••o<+ •••• ; ••••••••• i••••••••••••••••••••••••••••• 

SIMULATED OBS-FORE 
4.6 -o.o 

15.3 53.0 
82.2 -o.o 

195.6 -o.o 
301.6 -o.o 
366.-1 --- 53o-O 
411.8 -o.o 
515.7 -o.o 
636.8 -o.o 
753.5 166oO 

1017.2 -o.o 
1407.5 '""-0-o 0 
1786.9 -o.o 
20 27.6 760.0 
2535.3 1370.0 
3160.2 2299.0 
3721.9 2244.0 



~ 

.. P..R.ECIP- GAGE--NAME -· 
MBP ABe ROCK RAPIDS 

PREC.IP GAGE NAME 

HBP AB. ROCK RAPIDS 

MOISTURE STORAGES AND VOLUMES AT THE CURRENT TIME 

uzs 
1.75 

LZS 
4o47 

SGW 
• 41 

GWS 
.36 

RES 
o.oo 

SRGX 
.24 

SCEP 
.30 

SNOW PACK STORAGES,VOLUMES AND CORRECTIONS AT T!HE CURRENT TIME 

WE 
4.29 

TOTAL 
LIQW WATER 

.86 5.16 

AREAL 
COVER 

1o00 
NEGHS 

.03 
SNOWFALL 

o:.oo 
RAIN 
.01 

·RECIP TOTAL RO GW RO 
.075 

PXC 
1.00 2 o 05 o541 

PACK 
RUNOFF 
2.055 

~••~~~~••~coRRECTIONS•~~••••••••~••• 
MELT WINO SNOWFALL AEAOJ AWEADJ--
1oOD 1.00 1.30 1o00 1.00 



1 0 1 
69 4 5 

1 4 1 
4 6 o.o 
4 5 .116 
4 6 .119 
4 5 
4 6 26 
4 5 
4 62 
4 8 elO 
4 10 o.o 
4 6 .1.19 
4 7 e122 
4 A .125 
4 9 .128 
4 10 .131 
4 6 
4 7 38 
4 8 45 
4 9 40 
4 10 32 

F.3 SAMPLE INPUT AND OUTPUT FOR OPERATION PROGRAM 
WITH SNOW - EXAMPLE TWO 

2 0 
2 6 1 0 0 0 1 0 0 

36 41 31 

1 3938·. 3 9875. 
7770. 

·10 
o.o o.o o.o 

42 52 43 
52 60 50 
55 60 45 
50 55 40 
45 55 40 

F-17 
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ROCK RIVER AT ROCK RAPIOS,IOWA 

SAMPLE INPUT DATA FO~ NWSRFS OPERATIONAL RIVER FORECASTING PROGRAH JUNE,1973 

BASIC RUN INFORMATION 

NUH8[R OF PR~CIPITATION GAGES= 1 NUMBER OF FLOW-POINTS= 1 NUMBER OF POTENTIAL ET STATIONS= 1 QPF AREAS= 1 
EVAPORATION PARAMETERS ARE SIOUX CITY,IOWA -- T.R.NO. 38 PE DATA NEP= 91 NOUR=136 

OPERATIONAL FORECAST MODE APR ,1969 DAY 5-2 TO OAY 6-1 FORECAST 4 DAYS 

SNOW IS INCLUDED 

BEGIN STORM PERIOD 



... 
-~ 

---- --- ---- ROCK RIVER- AT .ROCK RAPIDS, IOWA 

, .. ,.SAMPLE-lNlllil-.--llATA.. FOR. •. NWSRfS OPERATIONAL- RIVER .FORECASTING PROGRAM .JUNE,1973- --

---~G-- PRE.CIP •. GAGE--NAME-: 
1 MBP ABo ROCK RAPIDS 

- K1 A 
1o000 OoOOO 

RG SRC1 ·LIRC6 LKK6 KV KGS 
-·--1-----·-9-DO---- .o7.a ....• oo1s, 4. o oo. • gsoo 

--~RG ----·------ UZS. ...... - LZ.S.-- -. - SGW.-
1 1o75 4o47 o41 

GW.S, - . RES 
.36 o.oo 

SOIL MOISTURE VOLUME PARAMETERS 

EPXM- UZSN lZSN C8 POWER • 
1 

CC 1<24L K3 GAGEPE EHIGH ' ELOW K24EL. 
.300 .750 4.00~ .020 2o500 1o400 o.oo~ o200 o920 1o100 .o.ooo o.ooo 

SOIL MOISTURE TIMING ~ARAMETERS 

SOIL MOISTURE INITIAL VALUES 

SRGX. SCEP-
·, 24 ·• 30 



j:oJ 

~ 

RG--- TA GAGE 

SNOW PARAMETERS--CASE=! 

INPUT GAGES USED 

PREDICTED TEMPERATURE AREA 
1 HAT ABo ROCK RAPIDS SW MINN. FORECAST TA 1&00. FEET 

TA GAGE ElEV. PERIOD TA LAPSE RATES 
. -.MAl ... AB ... ROCK-RAPIOS .......... 1600 •. -1.0 -3.o. -5.o -3.0 

AREA SNOW PARAMETERS 

RG ELEV EFC SCF HFMAX HFMIN NMF UAOJ Sl 
1 1600. o.oo 1.30 .0400 .0200 .0075 .1500 1.5a 

INTIAL SNOW VALUES 

RG WE NEGHS . LIQW STORAGE SB SBAESC SBHS TINDEX 
1 4.29 .034 .859 .003 5.152 1.ooo 7.200 29. 

BASINWIDE PARAMETERS 

MELT-BASE PX-TEMP PLHHC TI-PARM 
32.0 33.0 .200 .soo 

AREAL DEPLETION CURVE 
WE/AI o.o · o1 .2 .3 .4 .5 .& 
AESC .os • 24 .39 .52 .&4 .75 o81 

OAYGH 
O.OOQ 

.7 .a .9 1.0 
.87 • 92 .9& 1.00 



ROCK RIVER AT ROCK RAPIOSyiOWA 

... SAHPL~- INPUT DATA FOR NWSRFS OPERATIONAL RIVER· FORECASTING PROGRAM JUNEy1973 

FLOW-POINT PARAMETERS 

~FP FLOW-POINT NAME AREA KS1 OBSER SIXIN CHECK HISTOGRAMS 
1 ROCK RIVER ABOVE ROCK RAPIDS 788.00 3.40 0 1 1 TIME-DELAY ,037 .071 .094 ,087 .o9o .097 .111 .125 o104 .073 

.048 .028 .019 .009 .005 .ooz 
GAGE AREA 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 

~ ..... 



"'!! 

~ 

SIX HOUR FLOW PLOT ROCK RIVER ABOVE ROCK RAPIDS APR t1969 •=SIMULATED +=OBSERVED $=FORECAST 
STAGE TENDENCY f+l NCT REPORTED C+>) RISING (<+) FALLING (<+>) STATIONARY 

.JIHE ~~o 40oo.o aooo.o 12ooo.o 16ooo.o 2oooo.o 24ooo.o 2aooo.o J2ooo.o J6ooo.o 40ooo.o 
5-2 • •> 
5-3 + •"' 
5-4 • • • • <+> 

6-1 ········~··········<+ .. , .............................................................................. . 6 .. 2 • • $ 
..f._.,._J • •· ·-···· $ 
6-4 • • • $ 
7~1 • • • $ • 
7-2 • • • • $ 

.. 7-.3 • 
7-4 • 
8..-1 ..• 
8-2 • 
-~-3 • 
8-4 • 
9-1 • 
9-2 • 
9"'3 • 
9-4 • 

10-1 • 
10-2 • • • • s 
10-3 • • • $ 
10-4 • • s • 

SIMULATED 
4034.8 
4458.6 
48 72.0 
5218.7 
5436.4 
6881.2 
9088.8 

11247 .t 
13732.0 
18526.6 
24082.9 
28625.6 
31340.7 
32295.7 
32196.3 
32212.5 
31380.9 
27995.2 
22985.7 
17832.7 
13278.4 

9859.1 
7362.0 

OBS•FORE 
3938.0 

-o.o 
9875.0 
7770.0 
5436.4 
6881.2 
9088.8 

11247.1 
13732.0 
18526.6 
24082.9 
28625.6 
31340.7 
32295.7 
32196.3 
32212.5 
31380.9 
27995.2 
22985.7 
17832.7 
13278.4 

9859.1 
7362.0 



jJ 
!1.) 
\1.) 

PPeECIP- GAGE NAME 
HBP ABo "ROCK RAPIDS 

Pfi!ECIP GAGE NAI1E 

HIP ABo ROCK RAPIDS 

MOISTURE STORAGES ANO VOLUMES AT THE CURRENT TIME 

uzs 
1.81 

LlS 
4.52 

SGH 
.45 

GWS 
.40 

RES 
o.oo 

SRGX 
.29 

SCEP 
.30 

SNOW PACK STORAGES,VOLUMES AND CORRECTIONS AT THE CURRENT TIME 

WE 
3.91 

TOTAL AREAL 
LIQW WATER COVER NEGHS SNOWFALL 

o78 4o70 1o00 o04 OoOO 
RAIN 
o.oo 

PRECIP TOTAL RO GW RO 
.035 

PXC 
1.00 .46 .257 

PACK 
RUNOFF 

.458 

••••••••••CORRECTIONS••••••••••••••• 
.MELT WIND SNOWFALL AEAOJ AW~AOJ -
1o00 1.00 1o30 1o00. 1o00 



1 0 1 
69 4 5 

1 
1 4.25 
0 4 1 
4 6 o.o 
4 5 .116 
4 6 .119 
4 r; 
4 6 26 
4 5 
4 62 
4 8 .to 
4 10 o.o 
4 6 .119 
4 7 .122 
4 8 .125 
4 9 .128 
4 10 .131 
4 6 
4 7 38 
4 8 45 
4 9 40 
4 10 32 

F.4 SAMPLE INPUT AND OUTPUT FOR OPERATIONAL PROGRAM 
WITH SNOW - EXAMPLE THREE 

2 0 
2 6 1 0 0 0 1 0 1· 

1.5 

:36 41 31 

1 3938. 3 9875. 
7770. 

.10 
o.o o.o o.o 

42 52 43 
';2 60 50 
'55 60 45 
r;o 55 40 
45 55 40 

F-24 



ROCK RIVER AT ROCK RAPIOS,IOWA 

SAMPLE INPUT DATA FOR NWSRFS OPERATION~L RIVER FORECASTING PROGRAM JUNE,1973 

BASIC RUN INFORMATION 

NUMBER OF PRECIPITATION GAGES= 1 NUMBER OF FLOW-POINTS= 1 NUMBER OF POTENTIAL ET STATIONS= 1 QPF AREAS= 1 
OPERATIONAL FORECAST MODE APR ,19&9 DAY 5-2 TO DAY &-1 FORECAST 4 DAYS 

~ 
\J'I SNOW IS INCLUDED 

BEGIN STbR~ PERIOD 



~ 

SIX HOUR FLOW PLOT ROCK ~IVER ABOVE ROCK RAPIDS APR 9 1969 
STAGf TENDENCY Hl NOT REPORTED (+>)USING (<+).FALLING 

... IIH£ __ ().0 _ 300.0.0_ 6000.0 9000.0. 12000.0 15000.0 18000.0 
5-2 • • +•> 

- 5-3 + • .. 
5-4 • • .. • <+> 

•=SIMULATED +=OBSERVED $=FORECAST 
(<t>) STATIONARY 
21000.0 24000.0 27000 .. 0 30iJOO.D 

6-1 •••••••••••••••••••••• • •• <+ •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
6-2 • 

____ .£~ ___ , .. _____ _ 

6-4 • 
7~1 ... 
7-2 • 
7-3 -· 
7-4 • 
a~.!. .• 
8-2 • 
8-3 • 
8-4 • 
9~1 • 
9-2 • 
9~3- • 
9-4 • 

10-1 • 
10-2 • 
10-3 • 
10-4 • $ 

$ 
$ 

$ 

$ 
$ 

$. 

$ 
$ 

$" 

$ 
• $ 

't 
$ 

• $ 
$ 

• $ 
$ • 

$ 

SIMULATED 
4055.9 
~997.0 

5327.2 
&:,28.9 
6817.2 

_8397.2 
10 78 5. 4 
13158.0 
16100.5 
20049.4 
23179.8 
24720.6_ 
25232.2 
252Z2.3 
24480.2 
23850.2 
21685.0 
17505.8-
13244.1 

3346.5 
74&3.8 
532fh2 
4:l19.5 

OBS.-FORE _ 
3 93 8. 0 

.~o. o 
9875.0. 
7770.Jl 
6817.2 
8.3 9 7. 2. ---

10785.4 
13158.0-
16100.5 
20049 ... 4 .. 
23179.8 
24720. Q __ _ 
25232.2 
25222.3. 
24480.2 
23850.2 
2168 5. 0 
17505.8 
13244.1 

9846.5 
7463.8 
5826.2 
4619.5 



~ 
1\) 
....;) 

PRECIP GAGE NAME 
MBP AB. ROCK RAPIOS 

PRECIP GAGE NAME 

MBP AB. ROCK RAPIDS 

MOISTURE STORAGES AND VOLUHES AT T~E CURRENT TIME 

uzs 
1.8~ 

LZS 
4.53 

SGW 
.4& 

Gi'IS 
.lt1 

RES 
o.oo 

SRGX 
• 31 

sc::P 
• 30 

SNOW PACK SlORAGES,VJLUM~S A~) ;JRRECTIONS AT TH~ CURRENT TIME 

WE 
2.95 

TOTAL AREAL 
LIQW HAT~R COV~R NEGHS SNOWFALL 

.59 3.54 t.oJ .o6 o.oa 
RAIN 
o.oo 

?RECIP TOTAL RO Gi'l. RO 
.036 

PXC 
1.00 • 71 • 440 

PACK 
RUNOFF 

.709 

••••••••••CORRECTIONS••••••••••••••• 
MELT HIND SNOWFALL AEAOJ AHEAOJ 
t.so t.oo t.Jo t.oo t.oo 



I 



APPENDIX G 

LISTING OF PROGRAM TEMPAOJ 

PROGRAM TEMPADJ(JNPUT,OUTPUT,TAPEI,TAPE2) 
C PROGRAM TO TRANSFER NWSRFS DATA FROM ONE TAPECTAPE 2) 
C TO ANOTHER<TAPE 1> AND ADJUST AIR TEMPERATURE RECORDS 
C IN THE PROCESS. 
******************************************************************************** 
******************************************************************************** 
C CARD NO. FORMAT CONTENTS 
******************************************************************************** 
C 1 15 NUMBER DF BASINS ON DATA TAPE (TAPE 2> 
******************************************************************************** 
C REPEAT CARDS. 2 THROUGH 4 FOR EACH BASIN WITH DATA ON TAPE 2 £VEN 
C THOUGH SOME BASINS DO NO NEED TEMPERATURE ADJUSTMENTS OR MAY 
C NOT EVEN HAVE TEMPERATURE DATA. 
******************************************************************************** 
c 2 8Al0 GENERAL INFORMATION 
******************************************************************************** 
C 3 I5 INITIAL MONTH ON TAPE 
C !5 INITIAL YEAR<4 DIGITS) 
C I5 LAST MONTH ON TAPE 
C 15 LAST YEAR<4 DIGITS) 
C I5 No.- OF PRECIPITATION RECORDS ON TAPE 
C I5 NO.OF PE RECORDS ON TAPE 
C !5 NO. OF AIR TEMPERATURE RECORDS ON TAPE 
C I5 NO. OF OBSERVED WATER-EQUIVALENT AND 
C MEAN DAILY FLOW RECORDS ON TAPE 
C 15 NO. OF SIX HOUR DISCHARGE RECORDS ON TAPE , 
******************************************************************************** 
C 4 15 MONTH OF TEMPERATURE ADJUSTMENT 
C !5 YEAR(4 DIGITS> 
C !5 STATION NUMBER 
C E.G. IF ADJUSTING 2ND TA RECORD AND NO. OF 
C PRECe RECORDS=3 AND NO. OF PE RECORDS=lt 
C THEN STATION NUMBER=6• 
C <6TH RECORD FOR THE MONTH ON TAPE> 
C !5 DAY WHEN ADJUSTMENT BEGINS 
C !5 SIX HOUR PERIOD WHEN ADJ. BEGINS 
C !5 NUMBER OF PERIODS TO ADJUST ClO IS MAX) 
C 10F5e0 NEW AIR TEMPERATURE VALUES FOR EACH PERIOD 
******************************************************************************** 
C REPEAT CARD 4 FOR EACH ADJUSTMENT PERIOD. ADJUSTMENTS 
C MUST BE INPUT SEQUENTIALLY,I.Ee IN ORDER BY MONTH 
C AND WITHIN EACH MONTH, IN ORDER BY STATION NUMBER. 
C LAST CARD SHOULD HAVE 99 IN COLe 4-5 AND 9999 
C IN COLe 7-10. 
-~************-~****************************************************************** 
******************************************************************************** 

DIMENSION VAL(lQ),A6(124),A24<31l,TAC124)tA(8) 

G-l 



READ 900tNBASIN 
REWIND 1 
REWIND 2 
DO ?00 NB=1tNBASIN 
READ 904tA 

904 FORMAT C8A10) 
PRINT 905 

905 FORMAT C1H1t20X,34HMEAN AREAL. TEMPERATURE ADJUSTMENTS> 
PRINT 906tA 

906 FORMAT C1H0t8A10l 
READ 900tiMO,IYRtLMOtLYR,NPX,NPE,NTA,NQ24tN06 

900 FORMAT C9I5l 
KMO=IMO 
KYR=IYR 
READ 901tMO,NYRtNSTAt!DtiPtNCtCVALC!lti=1,NC) 

901 FORMAT C6I5,10F5.0l 
START MONTHLY LOOP 

120 IF CNPX.EQ.O) GO TO 111 
DO 100 I=l~NPX 
READ C2l A6 
WRITE (1) A6 

100 CONTINUE 
111 IF CNPE.EQ.O) GO TO 112 

DO 1 01 I= 1 'NP E 
READ <2> A24 
WRITE (1) A24 

101 CONTINUE 
112 IF CNTA.EQ.O) GO TO 119 

DO 10 2 I= 1 'NT A 
II=NPX+NPE+I 
IF CCMO.EQ.KMO>.AND.CNYR.EO.KYR)) GO TO 117 
GO TO 107 

117 IF CNSTA.EO.II> GO TO 105 
107 READ (2) A6 

WRITE (1) A6 
GO TO 102 

105 READ (2) TA 
103 MP6=CID-ll*4+IP 

LAST=MP6+NC-1 ' 
DO 104 J=MP6tLAST 
L=J-MP6+1 
TACJ)=VALCL) 

104 CONTINUE 
READ 901tMOtNYR,NSTAtiD,IPtNCtCVALCJ),J=ltNC> 
IF C<MO.EQ.KMOleAND.CNYR.EO.KYRl) GO TO 118 
GO TO 108 

118 IF CNSTA.EO.I!l GO TO 103 
108 PRINT 902tii,KMOtKYR 
902 FORMAT C1HOt3HDAY,22Xt7HSTATIONtl4t5X,5HMONTH,I4,5X,4HYEAR,I6) 

L=1 
110 N1=<L-1l*4+1 

N2=N1+15 
IF CN2eGT.124) N2=124 
PR1NT 903tLtCTACJ),J=Nl,N2) 

G-2 



903 FORMAT (1H ti2t4(4F8e2tlH/)) 
L=L+4 
IF <L.GT.31> GO TO 109 
GO TO 110 

109 WRITE {1) TA 
102 CONTINUE 
119 IF <NQ24.E0.0) GO TO 115 

DO 113 I=ltN024 
READ <2> A24 
WRITE <1> A24 

113 CONTINUE 
115 IF <N06.EQ.O) GO TO 116 

DO 114 I=ltN06 
READ <2> A6 
WRITE (1) A6 

114 CONTINUE 
116 CONTINUE 

C END MONTHLY LOOP 
IF C<KMO.EO.LMO>.AND.<KYR.EQ.LYR>> GO TO 199 
KMO=KMO+l 
IF <KMO.LT.l3) GO TO 120 
KMO=l 
KYR=KYR+l 
GO TO 120 

199 CONTINUE 
200 CONTINUE 

STOP 
END 
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APPENDIX H 

***** CHANGES TO OPERATIONAL RIVER FORECASTING PROGRAM <NWSRFS5) ************* 
* 
* 
******************************************************************************** 
* STATEMENT CARD NUMBER 
******************************************************************************** 
* 
********** CHANGES IN MAIN PROGRAM ********** 

* 

* 

8AEADJ(lO>,SCFCf10),FGNAME(3,5),AWEADJ(10) 
2MFC<IRG>,WINDC(IRG>,SCORR,AEADJ<IRG),AWEADJ<IRG> 

2~1 AWEADJ<IRG)=l.O 
14X•~6H**********CORRECTIONS****~~*********> 
22X,8HSNOWFALL,2X,5HAEADJ,2X,6HAWEADJ> 

931 FORMAT<1H '5A4,5X,5F7.2,2F10.2,Fl0.3,2F7.2,F10.2,F7.2,F8.2) 

********** CHANGES IN SUBROUTINE READCO ********** 

* 

* 

8AEADJ<lO),SCFC<lO>,FGNAME(3t5),AWEADJ<lO> 
4COVERI,COVERB,PWEI,PWEB,AEADJ,NTAG,NFTAGS,FGNAME,AWEADJ 

********** CHANGES IN SUBROUTINE WRITCO *********~ 

* 
-~AEADJ<lO),SCFC<lO>,FGNAME(3,5),AWEADJf10) 
4COVERI,COVERB,PWEI,PWEB,AEADJ,NTA~,NFTAGS,FGNAME,AWEADJ 

0047 
0255 
0274 
0305 
0308 
0309 

0044 
0062 

0044 
0062 


	ADJ



