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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY 

A United States Contribution to the 

International Hydrological Decade 


By H. N. HOLTAN, hyclTaulic enginem', and G. J. STILTNER, iiV. H. HENSON, and N. C. LOPEZ,' 1nathematicians, 
Hycll'ogl'aph LuboTatOl'Y, NOl'theastel'n 

In the Hydrograph Laboratory, watershed 
hydrology is organized on a multidisciplinary 
basis and includes (1) meteorology and cli
mate, (2) soils and vegetation, (3) hydraulics, 
(4) hydrogeology, and (5) watershed hydro
logic systems. Findings in the first four sub
ject-matter areas are applied in their natural 
sequences of time and space in hydrolDgic sys
tems analyses. Questions arising from trial ap
plications in the last area serve as a guide and 
impetus to the basic studies. 

The hydrologic model presented here is the 
second attempt to express watershed hydrology 
as a continuum. This revision of the model is 
the result of numerous improvements in the 
subroutines and increased output demands. 
The major change is in the method of comput
ing evapotranspiration. Standard curves of 
crop growth were inadequate to reflect the ex
tremes observed in annual evapotranspiration. 
In this revision the growth index is computed 
as a function of current temperatures and 
thereby is unique for each specific. year. 

Growing interest in potentials for water pol
lution by erosion or chemical transport is plac
ing demands for greater detail in the program 
output. Subroutine POLLUT was added for 
optional use to print out or store the daily 
status of soil moisture and increments of water 
movements in each regime or layer of each 

,~ 	

zone. Hydrographs of overland flow are also 
output in MAINLINE for possible use in pre
dicting erosion on each zone. 

By frequent revisions and substitutions of 
parts of the model we hope to maintain a 

~' 

1 Resigned January 1973. 

Region, Agl'iclLitm'al Reseal'ch Se)'vice 

sequence of the best mi:thods currently de
veloped. But perhaps the greatest contribution 
of any model lies in the questions it raises rather 
than in the methods it proposes. At least we 
can draw some encouragement from a state
ment by Conant (2) ~ " ... the success of natural 
scientists . . . is not due primarily to their 
methods but to the aim of their efforts. And 
curiously enough the aim is determined every 
few years by what has been the outcome of 
the experiments and observations of the pre
ceding 	years ...." 

The mathematical model of watershed hy
drology under study in the Hydrograph 
Laboratory is designed to serve the purposes of 
agricultural watershed engineering. Our pri 
mary emphasis is on separating out the details 
of \\That actually happens during the runoff 
process as a basis for planning the engineering 
structures and procedures that will control the 
times, 	 routes, and amounts of waterflow. In 
brief, 	we are trying to reduce the entire sys
tem of watershed hydrology to a predictable 
pattern of physical probabilities that will ac
count for the dispersion of water and its sub
sequent concentration in channel systems. 

The study is not finished. Our model is cur
rently 	a series of empiricisms selected to pro
vide a 	mathematical continuum from ridgetop 
to watershed outlet in terms of input informa
tion readily available to the analyst. Hopefully 
the model will help to bridge the gap between 
theory 	and practice by providing a framework 
in which new basic knowledge can be applied 
to watershed engineering. Hopefully also the 

"Italic numbers in parentheses refer to Literature 
Cited, p. 29. 

1 



2 TECHNICAL BULLETIN NO. 1518, U.S. DEPARTMENT OF AGRICULTURE 

empiricisms will be replaced by logical explana
tions of the physical process as the continuum 
is accepted and developed for practical use. 

Just what this will ultimately become is un
predictable. Objectives in watershed engineer
ing change with population increases and with 
our desire for a higher, more controlled standard 
of living. We depend on our watersheds for the 
necessities of life as well as for the enjoyment 
of our leisure. Our way of life demands a regu
lated environment protected against the ex
tremes of nature. "Ve want neither flood nor 
drought. 

We are becoming concerned with the safe 

disposition of sediments and waste materials 
from our watersheds (20). Dispersed wastes 
such as fumes, smoke, and other airborne pol
lutants from industry and inadvertent excesses 
of applied fertilizers, herbicides, and other 
pesticides in agriculture suggest the propriety 
of a dispersed system concept of watershed 
hydrology as a vehicle of disposal. Predictably 
then our interest is extending to smaller and 
smaller increments of the watershed with com
plete accounting for dispersion of precipita
tion to evapotranspiration, moisture storage, 
ground-water recharge, and surface and sub
surface movements to streamflow. 

PRECIPITATION 


Input precipitation to the model consists of a 
continuous record of rainfall or snowfall 
weighted to represent the watershed. Variation 
in areal distribution must be accepted as error 
or it must be reduced by dividing the watershed 
into small areas and applying the model to 
rainfall measurements on each small area in
dependently. Rainfall amounts can be deter
mined for regular periods of time or they can 
be tabulated at breakpoints in the mass curve. 
In either instance, all periods of time must be 
accounted for in this model. AU computations 
start at the first date entered in the precipita
tion data and stop with the last date entered 
in the data set. Ideally, precipitation data 
should start with January 1 at 0001 hour and 
end on December 31 at 2400 hours each year so 
that blocks of record can be chosen at will. The 
slight discrepancy of 0001 hour in January is to 
avoid zero time increments in continuous 
records. 

The model was applied to four ARS experi
mental watersheds representing a diversity of 
climate and physiography as listed in table l. 
Snowfall was tabulated as water equivalent for 
the two northern watersheds. Significant errors 
resulted, particularly where heavy snow ac
cumulations during extended cold periods were 
followed by a rapid thaw or rain. Sensible ad
justments for major events at Coshocton, Ohio, 
were based on the U.S. Weather Bureau tem

perature records and storm reporis. 3 These 

TABLE 1.-Characteristics of 4 experimental agri

Watershed 

Little Mill 

Creek ("V-97), 

Coshocton, 

Ohio. 

Beaver Creek 

(W-ll), 

Hastings, Nebr, 

Up!Jer Taylor 

Creek (W-3) , 

Ft. Lauderdale, 

Fla. 

Brushy Creek 

(W-G), Riesel, 

Tex. 


cultural watersheds 

An

Land nual 


No.1 Area Physiography slope pre
cipi


tation 

Sq Per
mi cent Inches 

26.26 7.16 Allegheny 2-35 41 
Cumberland 
Plateau. 

44,4 3.45 Loess 0-12+ 24 
plains. 

8.3 15.7 Flat woods 0-2 48 
of Coastal 
Plains. 

42.4 6.84 Blacklands 1-6 34 
of Coastal 
Plains. 

-----
I Identification number in "Hydrologic Data for Exper

imental Agricultural Watersheds in the United States," 
compiled by Harold W. Hobbs, U.S. Dept. Agr. Misc. Pub. 
1070, 447 pp. 1962. 

3 U.S. WEATHER BUREAU. CLIMATOLOGICAL DATA, 
CONTINUING SERIES BY STA.TES. U.S. Weather Bur., 
U.S. Dept. Com. 1957-64. 
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3 USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY 

helped to reconcile computed runoff with ob
served data, but an automated system for com
puting snowmelt was needed. 

In model USDAHL-74, input precipitation 
increments can be labeled "S" for snow and 
will be stored as "snow" subject to equation 
[1] for daily snowmelt on each zone: 

MELT 	 0.15 . (T-THAW) (1.0-0.5 
VEG) + 2P [1] 

where 
MELT potential snowmelt per day in 

zone surface inches 
T weekly average air temperature 

(OF) 
THAW = temperature at which snowmelt 

starts 
VEG weighted average vegetative 

density for zone 

P = 	 inches falling as rain that day 

The insertion of the variable "THA W" per
mits adjustments for aspect, elevation, or other 
factors usually involved in relating snowmelt 
to a temperature record. This is particularly 
important when snowmelts at higher eleva
tions are computed from temperatures ob
served at a lower elevation. 

Equation [1J again helped results but serves 
m0re pointedly to illustrate the type of solu
tion needed for snowmelt. It includes only 
temperature, shading, and rain on snow, but 
experience in the middle latitudes indicates 
that these are highly significant factors for 
runoff. Aspect and snow drifting are also 
recognized factors, but no solution has been 
attempted here. 

HYDROLOGIC GROUPING OF SOILS AND LAND USE 


Soils on each watershed are grouped by land
capability classes, as illustrated for three of 
the watersheds in figure 1, to form hydrologic 
response zones for computing infiltration, 

NORTH 
APPALACHIAN 
EXPERIMENTAL 
WATERSHED 
COSHOCTON. OHIO 
W-97 (4580 acres) 

ZONE CLASSES 

m.N 
2 ;'ZI,:m 

3 IT• 

evapotranspiration, and overland flow. Zones 
indicated for each watershed typify the eleva
tion sequence of uplands, hillsides, and bottom 
lands in these 

CENTRAL 
GREAT PLAINS 
EXPERIMENTAL 
WATERSHED 
HASTINGS. NEBR 
W-II (3490 ac,es) 

ZONE CLASSES 

[J n.m 
~ N.;'ZI 

iii! 3 n 

areas. Zones are always num-

BLACKLANDS 
EXPERIMENTAL 
WATERSHED 
RIESEL. TEXAS 
W-G (4380 ac,es) 

ZONE CLASSES 
I I,U 

2 m.N 
3 .ll.lZI.:lZII 

.' 

FIGURE I.-Hydrologic zones of land-capability classes for three watersheds. 

" 
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bered in a downslope order because some of of major soils and of land-capability classes. 
the runoff will cascade over successive zones. Moisture-tension data in table 2 reported by 
For example, on the Coshocton watershed an the Hydrograph Laboratory (9) and reports 
estimated 80 percent of zone 1 runoff flows from the Soil Survey Laboratory 4 provide soil 
directly onto the alluviums of zone 3, and only 
20 percent cascades to soils of zone 2. 

'U.S. DEPARTMENT OF AGRICULTURE, SOIL CONSERVAIn the watershed description data compiled TION SERVICE, SOIL SURVEY LABORATORY. DATA AND
by the Agricultural Research Service field sta DESCRIPTION OF SOME SOILS OF .... Soil Survey Invest. 
tions (18), percentages are given of the area Rpt., continuing series by States. 

TABLE 2.-Profile description and physical properties of Cecil gritty sandy loam 

Location: Black,,: urg, Virginia; Brunswick County, Rocky Run Branch Watershed, located in pasture 75' SW of fence, 
400 yds. W of county road #656. 

Vegetation and land ul>e: Pasture. 
Topography: Gently sloping. 
Drainage: Well-drained. 
Parent material: Granite gneiss and schist. 
Described and sampled by: K. Fussell, J. Williams, and J. B. Burford. 

Available moisture 
Horizon Description 

Per inch In 
of soil horizon 

Inches Inches 

Ap_________ 	 0 to 6 inches. Dark yellowish brown (10YR 4/4) gritty sandy loam; very friable; 0.10 0.60 
weak medium granular structure; many fine roots; medium acid; few small peds of 
red (2.5YR 4/6) brought up from lower horizons by plowing; abrupt wavy boundary. 

B22L_______ 	 6 to 15 inches. Red (2.5YR 4/6) clay with few fine mottles of ye!lo\vish red (5YR .07 .63 
5/8); some ped faces are coated with yellowish red (5YR 4/8) clay, which is apparently 
result of root and worm action; firm; moderate medium subangular blocky structure; 
thin continuous clay films; few mica flakes; common fine roots; occasional quartz 
rock less than }2/1 in diameter; medium acid; clear wavy boundary. 

B23L__ _____ 	 15 to 31 inches. Red (2.5YR 4/6) clay loam with common fine faint mottles of yellow .06 .96 
ish red (5YR 5/8) and common fine distinct mottles of yellowish brown (10YR 5/8); 
moderate medium and fine subangular blocky structure; friable; thin clay film on 
most pad faces; common mica flakes; 10 percent grit by volume; few fine roots; 
strongly acid; clear wavy boundary. 

B3L____ _ _ __ 	 31 to 42 inches. Red (2.5YR 4/6) clay loam with many medium faint mottles of .13 1.43 
yellowish red (5YR 5/8) and few medium distinct mottles of strong brown (7.5YR 
5/8) and reddish yellow (7.5YR 6/8); friable; moderate to weak medium and fine 
blocky and subangula\' blocky structure; patchy clay film; many mica flakes; 10 
percent grit by volume; strongly acid; clear smooth boundary. 

B32_____ ___ _ 	 42 to 56 inches. Mottled colors of red (2.5YR 4/8), yellow red (5YR 5/8), reddish .18 2.52 
yellow ~7.5YR 6/8), very pale brown (10YR 7/4) highly weathered granite gneiss 
and schist with few pockets of light clay loam; friable; weak fine and medium sub
angular blocky structure; many mica flakes; slimy and greasy to the feel; 10 percent 
grit by volume; few patchy clay films; very strongly acid; gradual wavy boundary. 

.18 
reddish yellow (5YR 6/8) and very pale brown (10YR 7/4) highly weathered granite 
gneiss and schist; silt loam with 10 percent grit by volume. . 

C___________ 	 56 to 71 inches plus. Mottled colors of yellowish red (5YR 5/8), red (2.5YR 4/6), 

" . 

~ 

i .,) 

~. 

.. 

http:yellow�.06
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TABLE 2.--Profil.e desc'ription and physical pro'jJerties. of Cecil gritty swndy loam--Con. 

Moisture as p~rcent of dry weight at respective 
Depth Bulk atm0spheres of tensionHorizon 


density 

0.1 0.3 0.6 3 15 

Percent Percent Percent Percent PercentInches G/cm' 
Ap____________________________________ 0-6 1. 72 15.24 12.35 10.30 9.21 6.34 
B22t__________________________________ 	 26.90 23.76 22.22 21.53 18.286-15 1.33 
B23t__________________________________ 15-31 1.32 32.02 29.26 28.67 27.27 24.58 
B31___________________________________ 31-42 1.41 29.89 28.02 25.87 21.68 18.62 
B32___________________________________ 42-56 1.29 35.15 26.66 19.52 16.49 13.02 
C _____________________________________ 26.29 10.6956-71+ 1.29 36.36 24.46 15.78 

profile descriptions for computing weighted 	 dividing total storage capacities (8) into mois
ture freely drained by gravity (G) and moisaverages of hydrologic capacities (4) of soils 
ture drained by vegetation (A WC). The lowerin each zone. 

Specific gravity was estimated at 2.65 for limit of A WC is assumed to be the moisture at 
all soils in computing total porosities. Moisture 15 bars tension. Table 3 is a summary of 
at 0.3 bar tension was used for field capacity in many samples and gives 8, G, and A we in 

TABLE 3.-Hydrologic capacities of soil texture 
classes 1 

Texture class s G AWC AWC/G 

Percent Percent Percent 

Coarse sand ______ • __ 24.4 17.7 6.7 0.38 

Coarse sandy loam., __ 24.5 15.8 8.7 .55 

Sand___________ ___ _~ 32.3 19.0 13.3 .70 
Loamy sand ________ _ 37.0 26.9 10.1 .38 
Loamy fine sand ____ _ 32.6 27.2 5.4 .20 
Sandy loam______ ---- 30.9 18.6 12.3 .66 
Fine sandy loam ____ _ 36.6 23.5 13.1 .56 
Very fine sandy loam__ 32.7 21.0 11.7 .56 
Loam _____ .~ _______ _ 30_0 14.4 15.6 1.08 
Silt loam ________ - - -- 31.3 11.4 19.9 1.74 
Sandy clay loam ____ _ 25.3 13.4 11.9 .89 
Clay loam __________ _ .9825.7 13.0 12.7 
Silty clay loam ______ _ 23.3 8.4 14.9 1.77 
Sandy clay ______ - --- 19.4 11.6 7.8 .67 
Silty clay ________ - --- 21.4 9.1 12.3 1.34 
Clay _______________ _ 

18.8 7.3 11.5 1.58 

I Adapted from "Land Capability: A Hydrologic Re
sponse Unit in Agricultural Watersheds," by C. B. England, 
U.S. Dept. Agr. ARS 41-172, Sept. 1970. 

S=total porosity-15 bar moisture percent, G=total 
porosity-0.3 bar moisture percent, and A WC =S minus 
G. 
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37.7 + percent weight at full saturation 

percent volume of textural horizons. Figure 2 A WC as illustrated in table 4. The data in this 
presents graphically the transitions of moisture 
capacities over the textural range from sands table were computed from figure 2 by the 

to clay. These can be used to compute S, G, and equation: 

Percent volume = 100 . percent weight 

The main ca1eoories The main categor
of soil watlilr les of 5011 water 
ace. to 6riggs ace. to Lebed ev , 

Sand 
I Ij I Ij

0._ ll0·- "-Loam 	 L. o.G> ... 0. 4> 
00- Clo
>-U o >.u OG> Clay 	 Hyoroscopic :r .. ~ :x:.,JI 

coefficient ... 
~ 
=> u ...,., 
::: G> 

L.~ino 0 -",0 
-L.point 	 Q..~=.,
0.
o 0 r:"X,$~;Z;YA 
u 31 

Moisture 
~-eQuivalen1 lW~f~w 

Field capacity 

-0 
a 
c:c: 

0 

'0 -0 

0 

-...!: ... .- G> 
>G> >
0- 00 
... 0 

(!) ~ c9~----+----+_...\-_-+----jl--",;;,;,,_-rl_""':'-=" SCitu ration 

o 	 10 

Moisture content percent by 1119ight 


FIGURE 2.-Relationship between moisture potential and moisture content for soils of various textures. [From 
"Representative and Experimental Basins," edited by C. Toebes and V. Ouryvaev, published by UNESCO, 1970.] 

TABLE 4.-Computations of hydrologic ca,pacities from potential moisture-content relationships jor soils oj 
various textures 

Wilting point Field capacity Saturation Moisture Moisture Total 
freely drained by storage 

Texture drained by vegetation capacity 
Weight Volume Weight Volume Weight Volume gravity (AWe), (8), 

(G), volume volume volume 

Percent Percent Percent Percent Percent Percent Percent Percent Percent 
Sand______________ 2 3,2 6 9.7 24 38.9 29.2 6.5 35.7 
Loams_____________{ 6 7.6 18 22.9 41 52.1 29.2 15.3 44.5 

10 12.7 29 36.8 41 52.1 15.3 24.1 39.4Clay______________ 
25 27.9 42 46.8 52 58.0 11.2 18.9 30.1 
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Percentages are applied to depths of "A" or other textures unsuited for root gro-wth. 
horizons or to plow depths in nonlayered soils The input format of the model accepts G and 
and to depths of maximum root penetration as AWe in percent by volume and applies them to 
might be limited by hardpans, gravelly layers, soil depths to compute volumes. 

EVAPOTRANSPIRATION 

Evapotranspiration (ET) potentials are corn.S This index is the (current temperature
estimated by coefficients applied to published lower cardinal temperature) / (upper cardinal 
pan-evaporation data. The method is a com temperature--lower cardinal temperature). 
bination of techniques developed by Mustonen Cardinal temperatures are the upper or opti
and McGuiness (15), Jensen (11), and Pruitt mum and lower or minimum temperatures for 
(17). It is adapted for use with cardinal tem crop growth. When the current temperature 
peratures presented in table 5 in estimating 

5 Although the data in some of the graphs we,Te colplant growth. Figure 3 is a plotting of the 
lected during 1956-60, the findings are still valid and

potential growth index (XGI) , which is the useful as guidelines for estimating evapotranspiration
cardinal temperature functions, for alfalfa and by various plant species. 

TABLE 5.-0ardinal temperatures for growth of some common crops 

Cardinal temperatures (OF) 
Crop Reference 

Minimum Optimum Maximum 

Oats, rye, wheat, 32-41 77-87.8 87.8-98. 6} Parker, N. W. 1946. Environment factors and their
barley. 

111.2-122 control in plant environments. Soil Sci. 62: 109-119. Sorghum, melons __ _ 59-64.4 87.8-98.6
Corn _____________ _ 50
Peas _____________ _ - - - - - --- - -} Chang, J. H. 1968. Climate and agriculture: An ecological 

40 ------- •. - survey. 304 pp. Aldine Pub. Co., Chicago. Citrus fruit _______ _ 55 
Oats .... ___________ _ 40 __________ Wiggans, S. C. 1936. The effi!ct of seasonal temperatures. 

. .. Agron. Jour. 48: 21-25. 
Corn _____________ _ 50 86-95 113 Meyer, B. S., and Anderson, D. B. 1939. Plant physiology. 

696 pp. D. van Nostrand Co., New York. 
. Flax _____________ _ 35 70 82 Oosting, H. J. 1956. The study of plant communities. 

. 440 pp. W. H. Freeman & Co., San Francisco. 
Peas, vetch, rye_ _ _ _ 33-34 _""". __ c _} Haberlandt, G. F. J. 1874. Cited by Richards, S. J., et a!. 
Corn, sorghum __ _ _ _ 46-50 _.________ 1952. Soil temperature and plant growth. Amer. Soc. 

,.. Tobacco _____ -_____ 55-57 • _.. ____ _ _ Agron. Monog. II, pp. 360-363. 
110 Lehenbauer, P. A. 1914. Growth of maize.... Physiol. 

Res. 1: 247-288. 
Co,"•...•......• 1-···.;;. 60-95 105 Wang, J. Y. 1963. Agricultural meteorology. 693 pp. 

',.. Pacemaker Press, Milwaukee. 
60 Rhykerd, C. L., et a!. 1960. Sorghum grows best at warm 

temperatures. Crops and Soils 12: 24. 
Sorghum__________ _ 80-84 Martin, J. H. 1941. Climate and sorghum. In Climate 

and Man. U.S. Dept. Agr. Ybk. 1941: 343. 
100 Doggett, H. 1970. Sorghum. 403 pp. Longmans, Green 

and Co., Ltd., London. 
Tobacco __________ _ 60 80 100 Garner, W. W. 1946. The production of tobacco. 516 pp. 

Blakiston Co., Philadelphia. 
Ryegrass _________ _ 60 Weihing, R. N. 1963. Growth of ryegrass as jnfluenced by 

temperature. . .. Agron. Jour. 55: 519-521. 
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1.0r-------------------------------------------------------------------------. 

~ ALFALFA; TU= 80, TL=32 
~ CORN·I TU= 85 , TL= 45 

0.7 

..J 
l-

I 
:;I 
I ..... 
..J 
l-
I 

LL. 
0 

It 

C) 
X 

0.2 

0.1 

o 
1957 

FIGURE 3.-Relative potential growth (XGJ) graphs for alfalfa and corn computed from upper and lower 
cardinal temperatures (TU and TL). 

exceeds the upper cardinal limit, the plant is 
assumed to suffer and the XGI function is set 
less than 1.0 by a function of the amount of 
exceedence. If the current temperature is equal 
to or less than the lower cardinal limit, the 
XGI is set equal to a fixed minimum. 

The growth index (GI) for a given crop is 
then computed from the XGI graph for that 
crop as illustrated in figure 4 for alfalfa and 
corn. The GI follows the XGI if no cultural 
practices intervene. However, since cultural 
practices that reduce the foliage also reduce 
evapotranspiration, the GI for the crop is re
duced following plowing, planting, cultivating, 
or harvesting if vegetation is abolished 07· 're
duced by the operation. (This excludes mi·rtti
mum tillage practices.) After each practice 
the crop is assumed to recover in a specified 

number of weeks at which time the GI graph 
rejoins the XGI graph. In the case of turn
plowing, when the soil is inverted and left in 
an aerated condition, the GI value is set at 1.0 
and assumed to settle back to a bare fallow 
condition. of low ET in 2 weeks where it re
mains a constant at 0.1 until planting of a 
crop. 

Cardinal temperatures can be obtained from 
the literature for most crops. Table 5 is a com
pilation of minimum and optimum cardinal 
temperatures for some of the more common 
crops together with literature citations. Gener
ally the local reputation of a crop for seasonal 
growth can be drawn upon to approximate the 
cardinal limits; e.g., if a grass is known to go 
dormant at midsummer, the associated tem
peratures indicate the upper limit. Winter 
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ALFALFA 

1951 

FIGUER 4.-Relative growth (GJ) graphs: Above, 
for alfalfa as modified by cutting; below, 
for corn as modified by tillage. 

wheat would be expected to have a lower limit 
near freezing. The evapotranspiration potential 
can then be estimated for any given days as : 

ET = GI· k· Ep· [(S-SA)/AWC]" [2] 

where 
ET evapotranspiration potential in 

inches per day 
GI growth index of crop in percent of 

maturity 
k ratio of GI to pan evaporation, 

usually 1.0-1.2 for short grasses, 
1.2-1.6 for crops up to shoulder 
height, and 1.6-2.0 for forest 
pan evaporation in inches per day 

S total porosity 
SA available porosity 
AWC porosity drainable only by 

evapotranspiration 
x set equal to AWC/G (G = gravity 

or free water) 

Input to the model now includes 52 weekly 
averages of air temperature in place of the 
GI graphs required for each crop in model 
USDAHL-70. The use of temperature is de
signed to individualize plant growth estimates 
for each year. 

C. H. Wadleigh, in mathematical analyses of 
plant growth data (unpublished), demon·· 
strated that free water above field capacity 
dampens and inhibits plant growth and sub
sequently ET by excluding oxygen needed for 
plant growth. As illustrated schematically in 
figure 5, ET decreases from optimum at field 
capacity to zero at soil saturation. Thus ET in
creases from wilting point to an optimum at 
field capacity and diminishes to zero at satura
tion. However, evaporation increases from 
zero at field capacity to a value equal to pan 
evaporation at soil saturation. This separation 
of evaporation and transpiration becomes im
portant in chemical transport studies. 

10 
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FIGURE 5.-Relative growth as modified by free water 
(matrix suction less than 0.25 bar) and moisture 
deficit (matrix suction greater than 0.25 bar). [After 
Wadleigh, unpub.] 
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INFILTRATION 

Infiltration capacity was expressed by Holtan 
(7,8) as an exhaustion phenomenon convergent 
upon some constant rate: 

f = a . . 8a~·4 + fe [3] 

where 
f infiltration capacity in inches per 

hour 
a 	 infiltration capacity in inches per 

hour per inch 1.4 of available stor
age (index of surface-connected 
porosity) 
available storage in surface layer 
("A" horizon in agricultural soils) 
in inches water equivalent 
constant rate of infiltration after 
prolonged wetting (associated with 
capillary flow or with impeding 
stratum) in inches per hour 

Gardner (5) found that water entering the 
soil under positive heads through larger pores 
spreads to the smaller pores both vertically and 
horizontally by capillary action. Equation [3] 
estimates this slow capillary movement as a 
contant (fe). The other right-hand term 
(a . 8/.4 

) is an empirically derived expression 
of flow rates due to positive heads. It represents 
the sum of products of velocities and cross sec
tions in flow tubes. 

True velocities cannot be determined from 
permeability tests because the cross-sectional 

P>O 

area of the stream tube cannot be determined. 
The hydraulic gradient likewise cannot be deter
mined because the length of flow depends on 
the twisting and meandering of the tubes. The 
lengths of flow tubes increase as infiltration 
progresses, but no technique for measurement 
has yet been developed. If the direction of flow 
is generally vertical, the hydraulic gradient re
mains approximately equal to unity. Most of the 
variation in flow can therefore be attributable 
to changes in the cros~ sections of flow tubes. 

Two premises appear feasible: First, only 
surface-connected porosity can be considered 
as part of the positive-head flow tube. This is 
illustrated schematically in figure 6. Pores near 
the soil surface have a greater probability of 
being surface connected than do pores at 
greater depths. Therefore the effective cross
sectional area of flow tubes diminishes as 
penetration of water fills available storage 
space from the surface downward. Gardner 
observed saturated flow in sand lenses that 
were connected directly to the soil surface, but 
he found that sand lenses isolated in finer tex
tures did not till during unsaturated flow 
around them, as illustrated in figure 7. 

The second premise is that roots of growing 
plants shrink because of drying whenever 
evaporation from the plant exceeds osmotic 
entry of water to the roots (3). This adds to 
the effect of soil shrinkage in creating passages 
for air or water to reach pores intercepted by 

P<O 


~IGURE 6.-Pressure potentials (P) at start of wateT application to soil. 
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P>O 

P<O 

FIGURE 7.-Lelt, unsaturated flow; right, saturated flow in large pores in contact with 
surface only. [After Gardner (5).J 

roots. The part of available storage that is 
thus connected to the surface depends on the 
density of plant roots and is estimated by the 
coefficient "a" of equation [3]. Logarithmic 
plottings of I versus Sa for numerous infi1trom
eter tests yielded this equation. Until a tech
nique is developed for direct measurement of 
flow tubes, it is expedient to rely upon this esti
mate from previous records. 

The GI of equation [2] is also used as a 
seasonal factor on the vegetation parameter 
"a" in the infiltration equation [3]: 

I = GI . a' Sa1.4 + Ie [4] 

Infiltration and rainfall excess are computed 
for each soil zone by comparing observed rain
fall to the infiltration capacities computed by 
equation [4]. In solutions of equation [4] the 
volume of infiltration cannot exceed the volume 
of water available at the soil surface including 
detentions of overland flow, nor can it exceed 
the product of the time increment (t) and the 
average rate «(/1 + 12) • t/2). Infiltracion 
capacity depends on the amount of empty space 
with Sa diminished by infiltrated water but 
recovered by drainage or evaporation to the 
limit of G, and by ET to the additional limit of 
AWe. 

Values of "a" are shown in table 6 for vari
ous types of vegetation. These were evaluated 
at plant maturity as the fraction of the ground

surface an:a occupied by plant stems or root 
crowns. Stems and root crowns are assumed 
to reflect the fraction of porosity in the top 
layer that is surface connected by mature plant 
roots to form conduits for air or water. If sur
face continuity is achieved by incorporation 
or by mechanical means, the a value should be 
adjusted to represent it. 

TABLE 6.-Tentative estimates of vegetative par
ameter "a" in infiltration equation 1 

Basal area rating a2 

Vegetation 
Poor Good 

condition condition 

Fallow_ • __ ___ .... __ • " _ ........ __ .... _.. • 0.10 40 . .30 
Row crops __ .. _ _ _.. _ _ _.. _ .10 .20 
Small grains _____ . ______ ... _ ..... _ .20 .30 
Hay: 

Legumes ________ .. ___ ' _. _. _.'. 
Sod ________________________ _ .20 

.40 
.40 
.60 

Pasture: 
Bunchgrass ___ .. ____ .. _'" ...... __ .20 .40 
Temporary (sod) _________ .. _ .. .40 .60 
Permanen t (sod) _____ ...... _,_ ... .80 1.00 

Woods and forests. __ ..... __ .. __ . __ ._ .80 1.00 

If =GI . a . s.1.4+1. (see equations 3 and 4). 
• Adjwtments needed for weeds and grazing. 
3 After row crop. 
• After sod. 
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Estimates of Ie were obtained from "Hydrol
ogy" (19), wherein major soils of the United 
Sta'tes are grouped according to their rate of 
water intake after prolonged wetting. Soils 
are grouped in hydrologic classes A, B, C, and 
D. Musgrave (13) gave the associated rates of 
Ie in inches per hour as A = 0.45-0.30, B 
= 0.30-0.15, C = 0.15-0.05, and D = 0.05-0. 
The texture and density of the impeding layer 
give a clue to the selection of Ie within a group. 
If the impeding strata approach clay, Ie is near 
the lower limit of its group; for sand, Ie would 
be near the top; and for loams, Ie would be near 
the midpoint. 

Depressions on the land surface act as 
reservoirs holding a volume (Vd ) of water until 
it is dissipated by infiltration. Although gen-

Percent cracks = 100 [( 

where 

BDW bulk density (g/cm 3) at field 
capacity in percent volume 

BDD bulk density (g/cm 3) at air-dry in 
percent volume 

This equation was developed from the work 
of Grossman et a1. (6) considering a cube of 
soil and by deleting vertical shrinkage. Equa

erally rather small in depth (about 0.05 inch 
for agricultural crops), Vd is drawn upon by 
infiltration and subsequently refilled by rain
fall for each pause in rainfall intensity. Also, 
certain agricultural practices such as level ter
races, contoured furrows, and listed crops may 
be designed to give ~Td depths of severannches. 
Musgrave and Holtan (14) gave concepts and 
some estimates of depression storage in agri 
culture, but generally such estimates must be 
based on pe"']onal observations. 

Certain soils such as the montmorillonitic 
clays form deep cracks on drying. Cracking 
is estimated for a given horizon from the ratio 
of bulk density at field capacity to bulk density 
when air-dry by the equation: 

BDW)1/3 BDW]BDD - BDD [5] 

tion [5J is applied to layer thicknesses to com .. 
pute maximum crac1dng volumes. The volume 
of cracks at any given time is computed as a 
linear function of soil moisture present and is 
limited to the plant available range (A We). 
Cracks are therefore at maximum within the 
root depth at wilting point and disappear at 
field capacity. 

COEFFICIENTS FOR ROUTING FLOWS 


Rainfall in excess of infiltration is routed 
across each soil zone of figure 1 and cascaded, 
subject to further infiltration, across desig
nated subsequent soil zones en route to the 
channel. Overland flow is computed by an adap
tation of the continuity equation: 

Pe - Qo = 6.D [6]
and 

qo = (ova,)Dn [7] 

where 
Pe = volume of rainfall per unit of time in 

excess of infiltration and depression 
storage 

Qo volume of outflow per unit of time 
6. increment 

D average depth of flow in inches 


qo = overland flow in inches per hour 
ova = coefficient dependent on roughness 

and length and degree of slope 
n 3.0 for laminar and 1.67 for turbulent 

flow (fixed at 1.67 in this model) 

The coefficient ova in equation [7] is de
termined from runoff recessions on rectangular 
plots as described by Musgrave and Holtan. It 
is the rate of flow produced by an average 
depth of 1.0 inch of water on the plot surface. 
In the flow data presented by Musgrave and 
Holtan, n equals 1.67 and ova, can be estimated 
from vegetative density (a,) , percent slope (8), 
and feet length (L) of flow path by the follow
ing equation: 

ova = (150 - 125a) . (12/\/1.5) . yS/L [8] 

http:0.15-0.05
http:0.30-0.15
http:0.45-0.30
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For laminar flow, ova would vary linearly as ship. The March recession shows the least ef
S in equation [8J and the value of n must be f:ct by ET and is used for analyses. The equa
set equal to 3.0 in equation [7J. tion of the recession curve is : 

Channel flows and subsurface return flows [9] 
are routed by simultaneous solutions of the 
continuity equation and a storage function. where 
Storage coefficients are obtained by integration qt rate of flow one time increment 
of the flow recession curve for a given water later in inches per hour . 

rate of flow at start of period inshed. Techniques are under study in the J!ydro
graph Laboratory for the approximation of inches per hour 
flow recession curves by linear segments to ob e logarithmic base 
tain the advanb'Lges !II superposition in routing t time increment in hours 
waterflows from different areas of the water m absolute value of t/Alnq and is 
shed. Flow from each unit is routed separately constant for each straight-line seg
through watershed storage and all are summed ment of recession curve on semi
to obtain watershed outflow. logarithmic scale 

Postrainfall recession curves are plotted on By integration of equation [9] the storage 
a semilogarithmic scale in figure 8 for Little increment AS within a linear segment of 	the 
Mill Creek Watershed (W-97) near Coshocton, recession curve is:
Ohio. Evapotranspiration must be minimized if 

we are to obtain a true storage-flow relation- AS m'Aq [10] 


1.0..-------r------------------------------------.2.5 

SEASONAL RECESSION FLOWS 
W-97, Coshocton, Ohio\-mc= ~:~ = 1.4 h0.5 
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FIGURE B.-Seasonal recession flows at W-97, Ooshocton, Ohio. 
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Values of m derived for each linear segment 
of the semilogarithmic plotting are assumed to 
represent successive flow regimes (16), start
ing with me for channel flow and proceeding 
through a series-mt , m 2 , 'm3, and m.-for suc
cessively deeper or more devious regimes of 
subsurface flow. Since some watersheds, such 
as the Beaver Creek watershed (W-ll) at 
Hastings, Nebr., have no return flow, only me 
is defined. 

On watershed W-97 it becomes necessary to 
separate flow regimes. The usual procedure has 
been to extend segments backwa'rd in time for 
subtraction from earlier regimes (1). In our 
experience and that of Kulandaiswamy and 
Seethorman (12), the adjusted points never 
plotted as a straight line and the resulting 
recession was too rapid. The authors prefer to 
use the same procedure as is generally used for 
separation of overlapping hydrographs of sur
face flows, i.e., extending the recession of the 
first storm forward in time for subtraction 
from subsequent flows. 

Figure 9 illustrates the results of techniques 
suggested for separating flow regimes for input 
to this model. Each linear segment is extended 
toward zero and subtracted from subsequent 
flows to get the rising hydrograph of the suc
ceedjng regime. Now there is no question about 
maintaining logarithmic linearity within flow 
regimes. Also, the rising hydrograph fits better 
with the concept that return flows are less when 
flows in stream channels are at higher stages. 
The peak storage of the separated hydrograph 
can be computed for successive subsurface 
regimes by the equation: 

S = qb (1nL - 1nL-1) [11] 

where 
S peak storage of the difference 

hydrograph in inches 
qb rate at intersect with previous 

segment of recession 
m absolute value of t/ln (qo/qt) 
L - flow regime number 
L-1 = m of previous segment 

1.0r--------------------------------------,2.5 

SEPARATION OF FLOW REGIMES 
W-97, Coshocton, Ohio 

qd = q e- lIm _ q e.f/mo 

peak, t = Inm -Inrna 
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subscript 0 refers to previous segment 
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.FIGURE 9.-Separntion of flow regimes on W-97, Coshocton, Ohio. 
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Input to the model would then be me, ql' m 1, 
q2, m 2, qs, m3, Q4. and 1n4 for those watersheds 
having four discernible regimes of subsurface 
flow. The value of m is readily determined as 
the number of hours required for the recession 
segment to cross one log cycle divided by 2.3, 
the natural logarithm of 10.0. Maximum free
water storage is assumed equal to the G value 
from the soil survey for regimes 1 and 2, but 
it is the storage under the hydrograph com
puted by equation [l1J for the remaining flow 
regimes as in figures 8 and 9. 

As determined from the watershed flow 
recessions, 1nc includes detentions of overland 
flow. Since overland flow is routed in equation 
[7J, the depth of overland flow must be sub
tracted from the AS of equation [10J. At the 
peak, outflow is essentially equal to inflow and 
channel storage would be: 

S = 'Inc' q - (q/ova) 0.6 [12J 

We can get an approximation of the cor
rected me (eme in the program) by solving for 
m at one unit of flow rate in equation [10J : 

emc = m(. - ova-U•
6 [13J 

Equation [13J is an approximation only and 
typifies an area of needed research. 

Concern for the transport of agricultural 
chemicals has placed emphasis on the path of 
both surface and subsurface flows from rela
tively small upland areas well above the eleva
tion of emerging subsurface return flow. As a 
result, USDAHL-70 was revised to permit in
puts to table 9 (appendix) of 1n1 to m'l obtained 
from downstream gaging sites of an encom
passing watershed together with an indication 
of the number of regimes, including 1nc, which 
occur above the weir. Output includes "onsite" 
return flow of volumes that passed through the 
soils of one or more zones to become part of 
"runoff" at the weir. Output also lists "offsite" 
return flows for comparison with regional in
formation downstream. 

As the watershed size diminishes, the im
portance of detail increases. Therefore ml and 
m2 are subscripted by zone and reevaluated 

from soils information. Assumptions derived 
empirically were

(1) Outflow is equal to permeability' width/ 
length' gradient. 

(2) Permeability varies as ratio of large 
pore diameters squared or as square of ratio of 
large pore volumes. 

(3) Since fe is permeability of layer 2, per
meability of layer 1 is fe • (G1/G2 ) 2. 

Then since storage (FREE WATER) is equal 
to DEPTH· G and since m = FREE/Q, we 
can derive mz, and mZ2 for Bach zone by equa
tion [14J : 

mZL = depthL ' G22 • ovl2 • (Sl2 + 1)5/(/e . 
GL • zone area' sl) [14J 

where 
mz routing coefficient for zone 
G2 gravity (free) water in regime 2 
ovl length of land slope in feet 
sl land slope in percent 
fe final rate of infiltration 
L flow regime or layer 

This is an area suggested for further research. 
If the downstream flow record indicates that 

the hydrograph recession passes abruptly from 
the characteristic surface flow hydrograph to 
the low, sustained base flow without transi
tional slope breaks, m l and 1n, can be entered 
as zeros in table 9. The program will not com
pute flows in a regime whose 1n value is zero 
in table 9. 

Equation [15J is a combination of the con
tinuity equation awl equation [10J used in com
puting outflow from each regime of each zone: 

2 D.l 2m - At 
q2 = 2m + At + ql 2m + At [15] 

Equation [10J being linear forces the routed 
hydrograph from equation [15] to peak at its 
crossing with the inflow hydrograph, whereas 
channel flow responds nonlinearly to changes 
in inflow rate. Therefore nonlinearity was in
duced on the rising side of the streamflow 
routing by the techniques of Holtan and Over
ton (10) for successive routings through one
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half of the indicated storage llsing equation q rate of outflow from storage in 
[16] : inches per 	hour 

q' 	 theoretical rate of outflow from 
each half of storage in inches per 
hour 

I inflow volume in inches 

In the second application of equation [15] the 1n routing coefficient in hours 

quant.ity (q/ + q/) tlt/2 is substituted for M. tlt time increment in hours 

The symbols for equations [15] and [16] are- 1 and 2 beginning and end of tlt 


HYDROGEOLOG\: 

In the Hydrograph Laboratory's model, in SubputL+l = tlt . C . (G - SA) /G [18] 

filtrated water is proportioned to ET, or free


wherewater evaporation, and to downward seepage 
SubputL +1 water passing downward to or to lateral return flow in each flow regime. 

next regime in inchesSince downward seepage and lateral flow are 
tlt time increment in hourssupplied by free water, estimates of maximllm 
C rate of downward seepage in seepage rate (C) and free-water capacity (G), 

inches per 	hour as well as the storage coefficient (1n) , are G free or gravity water inneeded in each flow regime. 
inchesSince subsurface flow regimes are considered 

SA air space in inches equivalent sequential, seepage (C) from a given regime is 
of waterinflow to the next regime and must be adequate 


to supply the sum of the maximum flow rate The potential rate of outflow (qp) from a 

(qL+l) experienced in the next regime and the regime is derived by equation [15], but actual 

rate of deep seepage (gr): outflow from a regime is held equal to zero, 


as illustrated in figure 9, whenever summation [17] 
outflow exceeds the value of intercept qb for 

where that regime. When summation outflow is less 

L regime number than q'H a favorable gradient is assumed and 

gr maximum rate of ground-water outflow (qrJ is computed by the following 


recharge in inches per hour equation: 

Ground-water' 'recharge from the ultimate 
return-flow regime is estimated on a regional 

wherebasis. Average annual rainfall, average annual 
qp potential regime outflow fromET, and average annual streamflow yields in 

equation [15] the vicinity can be used to derive an average 
qb flow 	rate at intercept with previousannual ground-water recharge. This can be con

segmentverted to inches per hour as an est.imate of gr. 
~q = sum 	of all existing flow ratesAt the Hastings, Nebr., watershed this value 

was estimated as equal to fe, but the estimate An exception to eouation [19] is made for 
at Coshocton, Ohio, watershed was 0.0006 inch frozen ground. If the average temperature of 
per hour. At the Riesel, Tex., and Ft. Lauder the air for 2 weeks is below 30° F, equation 
dale, Fla., watersheds gr was estimated as [19] is reduced for layer 1 by 0.1 inch per hour 
zero. for each average OF below 30°, and below 20° 

Increments of downward seepage (subput) flow is stopped. Thus it is assumed that highly 
to the next regime are computed as a function permeable soils become impervious at lower 
of free or gravity water present: temperatures. ... 
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The limits of free-water stora3'e in the first 
two regimes are computed from soil survey 
data as the products of horizon thickness and 
percent freely drained porosity. The limits of 
free-water storage (G) associated with sub
sequent flow regimes, Le., regimes 3 and 4, are 
computed from the storage-flow relationship: 

GL = qb . 	(mL - mL-l) [20] 

where 
G gravity or free water 
qb flow rate at breakpoint of recession 

curve 
m routing coefficient 
L regime number 

Since there is no assurance that the flow 
recession analyzed represents a saturated A 
or B horizon, the G values determined from 
soil survey data for these two horizons take 
precedence in the model. Subsequently the q 
values and the GL values of regimes 3 and 4 
are apportioned to each zone of the watershed 
in proportion to the free-water limit (G 1 ) of the 
topsoil : 

GL (zone) = mL • qma::: L • G1 (zone) /01 [21] 

where 
GL 	 gravity or free water of layer 

routing coefficient of layer 
maximum outflow of layer 
areally weighted watershed aver

.. 	 age of layer 1 from soil survey 

By this means the storage indicated by the 
lower flow recession is dispersed over the water
shed in proportion to the depth of the topsoil 
horizon in each zone or hydrologic response 
unit. Routing coefficients ('m-J and 1n4 ) remain 
unchanged for each regime, but the storage 
potentials (G) and the maximum outflows 
(qmaJ:) are unique for each zone. 

[22] 

Evapotranspiration is drawn from both G 
and A WC when roots are present. Geologic 
research is needed to develop concepts of flow 
regimes associated with specific depths in 
the profile. In the meantime we are relying 
heavily on soil surveys for storage of regimes 

> 1 and 2 and depend on the recession curve 

analyses for storage values of subsequent 
regimes. Roots are arbitrarily designated as 
drawing water from the first two regimes, 
often creating a deficit in AWC to be satisfied 
before accruals to subsequent regimes can 
occur. Therefore A WC t and AWC2 are required 
input. A WCt is obtained from the moisture 
tension data of the first layer. A WC2 is esti
mated from the moisture tension data below 
the first layer to the depth of suitable habitat 
for roots as indicated in the soil profile descrip
tion. Moisture deficits are computed only in 
the depth indicated for root habitat. Presently 
there is no basis for distributing any part of 
A WC to subsequent regimes except in a few 
places like Florida, where records of wells over 
impervious rock at very shallow depths may 
permit some speculations. 

Evaporation from free water in the soil is 
treated as a function separate from evapo
transpiration. It is extracted from depression 
storage (Vel) or from the sum of free water in 
regimes 1 and 2 as the product of pan evapora
tion. The fraction total large pores (G1 and 
G2 ) occupied by free water are raised to a 
power of 1 for sands and a power of 2 for clays, 
i.e., if the ratio A WC/G is equal to or less than 
0.7, the texture is considered sand and the 
exponent is taken as 1.0; if the ratio is greater 
than 0.7, the texture is considered to be fine and 
the exponent set at 2.0. These exponents are 
tentative and suggested for further research. 

A percentage of overland flow from each 
zone is designated to cascade across the sub
sequent soil zone, with the remainder, if any, 
allocated to the alluviums or directly to chan
nel inflow. Allocation is a matter of judgment 
based on the nearness of a zone to alluviums or 
on the presence or absence of diversions, 
graded terraces, listed furrows, or other inter
ceptors leading directly to a stream channel. 
Infiltration in excess of A WC in the root zone 
is routed through storage of subsequent 
regimes by equation [14J and accumulated as 
run-on to the alluvium or as direct inflow to the 
stream channel if so designated by input. The 
total of all inflows to the channel is routed, 
using the channel storage coefficient me in 
equation [16] to obtain the outflow hydrograph 
for the watershed. 
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RESULTS 

The mathematical model programed in 
FORTRAN, as discussed in the appendix, was 
applied to the four widely separated and widely 
diversified ARS experimental watersheds listed 
in table 1. Water yields were computed on a 
continuing basis (table 7), and monthly and 
annual yields were used to test the results 
statistically. R'moff computed by the model is 
compared graphically with runoff computed 
from correlation with precipitation in figures 
10-13 and statistically in table 8. 

The regression of observed runoff on pre
cipitation assumed the relationship y _ a 
+ bx. Howi~ver, since the regression of ob
served runoff on values computed by USDAHL
74 assumed a = 0 and b = 1.0, the estimate of 
Se for the latter was computed as indicated in 
the footnote of table 8. The resulting r 2 valueB 

16 

o W-97, Coshocton, Ohio 
L:::. W-II, Hastings, Nebr. 

14 - • W-3, Ft. Lauderdale, Fla. 
x W-G. Riesel, Tex. 

II> NOTE: For W-3, multiply Q 
lIJ 121- .and P values by 2. 
:x: 
(,) 
z 

,2 10 I-
L&.. 

L&.. 

0 
Z I 
::> 
a:: 81
c I 
w 
a:: 
::> 
(f) 
<i 61
lIJ 
:E 
...J 
<i 
::>4 Iz 
Z 
<i 

x21

are estimates of the variance in observed runoff 
reflected by the respective predictor, precipita
tion or USDAHL-74. The coefficient of cor
relation (r) is a measure of the goodness of 
fit, approaching 1.0 for a perfect fit. 

Additional information can be printed out 
from computations within the sequence of the 
model. The moisture regimes of figure 14, the 
overland flows of figure 15, and the evapo
transpiration on each soil zone in figure 16 are 
examples. However, the testing and develop
ment of these dispersed segments have just 
begun through application of the model to 
lysimeters, plots, and small watersheds of the 
Agricultural Research Service. 

Awareness of such possibilities may stimu
late speculation in regard to engineering ap
pl~..!ations. Overland flows, evapotranspiration, 

o 
o 

• o 

0 
0 x 

0 ~ 
0 

6

x x 

6- • 
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L:::. x 
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ANNUAL PRECIPITATION (Pl. INCHES 

FIGURE lO.-Precipitation-runoff relationships fo1' annual runoff at four watersheds. 
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TABLE 7.-PrecipitatiiYn, observed runoff, and runoff as computed by USDAHL-74 model for 4 watersheds l 

W-97, Coshocton, Ohio W-11, Hastings, Nebr. W-3, Ft. Lauderclale, Fla. W-G, Riesel, Tex. 

Year and 
month PreCipi

tation 
Observed 

runoff 
Computed 

runoff 
Precipi
tation 

Observed 
runoff 

Computed 
runoff 

Precipi
tation 

Observed 
runoff 

Computed 
runoff 

Precipi
tation 

Observed 
runoff 

Computed 
runoff 

Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches c:: 
1956Jan_________________________ 

Feb_________________ -------
-------
-------

-------

-------
-------
-------

-------

-------
-------
-------

0.39 
1.04 

0.04 
.02 

0.14 
.02 

-------

-------
-------
-------

-------
- .. --~- ... -

Ul 
tj 

>p:: 
~ar________________________ 

Apr_________________ -------
--------. 

-------
-------
-------

-------

-------

-------,... 
-------

-------
______ r>_ 

1.11 
6.20 

.01 

.16 
.01 
.58 

-------
----- ... 

---_ ...... -
-------

--~ .... -.~---

_......... -. --
t" 
I 
~ 

"'" 
~ay----------------
June________________ 

July----------------
Aug ________________ 

________ 
-------

-------
-------

-------
-------
-------

-------

-------
-------
-------
-------

-------
-------

-------
-------

-------
-------
-------
-------

-------
-------
-------
-------

3.91 
4.77 
2.72 
6.63 

1.14 
.04 
.05 
.09 

2.07 
.34 
.04 
.09 

-------
-------
-------
---- .. -

-------

--- ... --
----,...--
-------

-_ .. -- ._-'
- ....... _.. -
-_ .. -----
-- ... - ~-

~ 
t=.l 
<H 
rn 
H 

Sept________________ ------- ------- ------- ------- ------- ------- 8.28 3.30 1.60 ---_ ... -- --,..,---- - .. ---~- .. - tj 

Oct _________________ ------- ------- ------- ------- ------- ------- 13.50 9.19 9.10 ------- ------- .. -- -  - ~ 
~ov________________ 
!)ec_________________ 

-------
-------

-------
-----~--

-------
-------

-------

-------
-------

-------
-------
------ .. 

.12 

.11 
.08 
.02 

.12 
0 

-------
-------

--_ ... __ ... 

--- .. - .... -
-- .. ~---
- -  ...... - .. 

0 
t:l 
l~1 
t" 

TotaL __________________ --_ ... _-- ------- ------- ------- ------- 48.78 14.14 14.11 ------_ ... -------~ .. ... --- ... ~-~ 0 
":l 

~ 1957
Jan_________________ 
Feb_________________ 

1.80 
1.38 

1.12 
.84 

1.19 
.79 

0.16 
.06 

0 
0 

0 
0 

1.41 
2.90 

.04 

.04 
.07 
.02 

-------
-------

- ... ----
-- .. ---

- ~ .. ~ ... ~ ~ 
---_.- ---

>
1-3 
t:J 
~ 

~ar________________ 
Apr _________________ 
.~ay________________ 
June________________ 

July----------------Aug________________ 
Sept________________ 
OcL________________ 
Nov________________ 
1)ec _________________ 

1.91 
5.30 
3.89 

10.08 
2.96 
2.13 
3.69 
1.52 
2.70 
4.61 

1.02 
4.16 

.94 
4.03 

.73 
,08 
.12 
.07 
.35 

2.51 

1.00 
3.81 

.55 
3.84 

.24 

.13 

.64 

.15 
1.13 
2.37 

1.92 
3.02 
6.35 

11.74 
.28 

5.48 
.46 

1.25 
.59 
.01 

0 
.19 

1.39 
5.22 
0 
1.19 
0 
0 
0 
0 

0 
.34 

1.45 
5.57 
0 

.89 
0 
0 
0 
0 

6.27 
5.95 
6.45 
3.70 
7.05 
8.53 
8.56 
1.64 

.26 
3.67 

.55 

.85 

.78 

.90 
1.12 
3.43 
5.45 

.95 

.01 

.16 

1.40 
1.31 

.97 
.98 
.84 

3.43 
3.36 

.97 

.03 
.28 

-------
-------

-------
-------

0.02 
.56 

4.29 
8.18 
4.56 

.84 

-------

---- .... -
-------
-------

0 
0 
0 
1.64 

.70 
0 

----~ - ..... 
---_ .. - ...... 

---.., .. ~---
-------~-

0 
0 
0 
2.93 

.50 

.01 

rnp:: 
t=.l 
tj 

t:I: 
..: 
tj 
~ 
0 
t" 
0 
Q
..: 

TotaL __________ 41.97 15.97 15.84 31.32 7.99 8.25 56.39 14.28 13.66 18.45 2.34 3.44 

1958
Jan_________________ 
Feb_________________ 
~ar________________ 

1.62 
.71 

1.00 

.92 

.52 

.79 

.86 

.30 

.55 

.32 
1.19 
2.70 

0 
0 

.25 

0 
0 
0 

5.88 
1.23 
6.39 

2.27 
.29 

2.10 

1.62 
.71 
.84 

1.94 
3.30 
1.37 

.06 

.65 

.02 

.13 

.62 

.06 
I-' 
~ 

See footnote at end of tAble. 



TABLE 7.-Precipitation, observed runoff, and runoff as computed by USDAHL-7it. model for it. watersheds1-Con. I:\:) 
0 

W-97, Coshocton, Ohio W-ll, Hastings, Nebr. W-3, Ft. Lauderdale, Fla. W-G, Riesel, Tex. 
Year and 

month Precipi- Observed Computed Precipi- Observed Computed Precipi- Observed Computed Precipi- Observed Computed
tation runoff runoff tation runoff runoff tation runoff runoff tation runoff runoff >-,3 

t<:l 
(")

Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches
1958-Con. ~ 

Apr ________________ H 
(")3.80 1.47 1.12 1.82 .09 .07 2.71 .62________________ .66 3.12 .02 .30 ~~ay 

3.06 2 07June________________ 1.37 1.46 0 0 3.40 .17 .46 2.04 .43 .50 t" 
4.19 .27July________________ .43 3.35 .26 .67 7.34 .08 .28 2.12 0 0 I:x:! 

10.08 2.57 CAug________________ 3.02 4.78 .33 .30 5.74 1.59 2.21 1.10 0 0 t'< 
Sept________________ 2.68 .75 .26 3.72 .38 .13 7.26 .85 1.02 6.50 .55 .90 t" 

t".12.79 .24 .15 1.79 .07 0 4.68Oct_________________ .76 1.11 5.95 1.29 .57 >-,3
.38 .09 .01 .13 0 0 H

Nov________________ 3.53 .59 .82 2.89 .22 .16 Z1.53 .11 .14 .50 0I>ec_________________ 0 .58 .06 .11 1.47 0 .07 Z0 .19 .09 .05 0 0 2.49 .07 .15 1.33 0 .05 0 

Total ___________ ......31.84 9.99 8.30 0121 81 1.38 1.17 51.23 9.45 9.99 33.13 3.24 3.36 ...... 
•00 

1959
Jan_________________ C 

7.30 4.52Feb_________________ 3.02 .30 0 0 3.37 .48 .57 .36 0 0 ~ 
3.55 2.65 3.80 .34 .01 0 ________________ 1.11 .17 .55 3.38 .42 .57 tj~ar 

2.55 1.33 1. 52 3.67 .13 t".1Apr _________________ 0 7.36 3.35 2.98 1.04 .02 .06 "t14.47 1.81 1.42 .89 ________________ .03 0 1. 78 .17 .37 3.93 .51 .38~ay ~ 
2.88 .85 .13 6.52 ?:IJune________________ .80 .55 5.41 .45 .42 3.77 .14 .21 >-,34.81 .68 .69July ________________ 4 90 .86 .87 9.21 5.28 4.96 7.97 2.24 1. 75 ~ 
2.97 .20 .01Aug ________________ 2.98 1.26 1.66 3.46 .16 .59 3.94 .05 .06 t".1 
2.10 .21 .25 Z

Sept_______________ 3.61 .23 .10 4.47 .39 .54 3.22 0 Q >-,3
3.47 .05Oct_________________ .15 4.59 .59 .58 4.56 .41 .54 2.09 0 0 
5.46 .50 1.98 2.01 .09 .02 

0 
Nov________________ 9.13 6.10 4.67 6.70 1.63 1.41 ~ 

2.76 .90 1.11 0 0 0I>ec_________________ 2.64 .59 .89 1.96 .53 .44 ;t>
2.22 1.71 1.14 .07 0 0 1.85 .44 .52 3.78 .83 .72 Q 

?:I 
HTotaL __________ (")44.54 15.41 15.22 29.88 4.00 3.78 54.35 17.99 17.60 42.14 6.37 5.60 C 
t" 
>-,31960Jan _________________ C

3.00 2.29 1. 50 0 0 0 .37 ?:IFeb_________________ .10 .19 2.13 1.17 .38 
3.42 1.40 ________________ 1.62 0 0 0 4.28 .98 .72 2.20 .29 .19 

t".1 
~ar 

1.06 1.57 .29 3.04 1.43 .16Apr _________________ 5.68 3.56 2.68 1.61 .23 .12 
1.1i8 .91 1.49 2.08 .68 ________________ .16 1.87 .08 .15 1.49 0 0~ay 

3.30 .63 .51 5.67June________________ 1. 73 2.11 1.90 .01 .01 1. 56 .27 0 
5.66 1.02 1.34 5.16July________________ .94 .59 11.59 2.69 4.30 4.89 0 .01 
3.24 .17 .06 2.02 .01 0 11.15 4.56 4.34 .94 0 0 

.~ l~ ~ r .. j< ... 



--------
-------- --------

--------
-------- -------- --------
-------- -------- --------

-------- --------
--------
-------- --------
-------- ----- --

-------- --------
-------- --------

-------- --------

-------- -------- --------
-------- -------- --------
-------- -------- --------
-------- --------
-------- -------- --------
-------- -------- --------
-------- --------

-------- --------
-------- --------
-------- -------- --------
-------- -------- --------
-------- --------

-------- -------- --------

-------- -------- --------
-------- -------- --------
-------- -------- -------- --------
-------- -------- -------- --------
-------- -------- -------- --------

y ~ "~ ~ 

Aug________________ 7.17
Sept________________ .35
Oct_________________ 1.81 
~ov________________ 1.82
])ec_________________ 1.60 

TotaL __________ 34.11 

1961Jan _________________ .91Feb_________________ 3.88 
~ar________________ 3.54Apr_________________ 6.37 
~ay________________ 

2.65
June________________ 2.97
July________________ 5.64
Aug ________________ 2.17
Sept ________________ .95
Oct. _____ . __________ 2.27 
~ov________________ 3.31])ec_________________ 2.51 

TotaL __________ 37.17 

1962Jan_________________ 3.18
Feb_________________ 3.50 
~ar________________ 3.32 
Apr_________________ 1.06 
~ay________________ 2.47
June________________ 1.98
July ________________ 2.48
Aug ________________ 1.61
Sept ________________ 5.65
Oct_________________ 1.92 
~ov________________ 3.03
I>ec_________________ 2.06 

TotaL __________ 32.26 

1969Jan _________________ .51Feb_________________ 1. 70 
~ar________________ 7.06J.Lpr_________________ 

3.02 
~ay________________ 1.97 

See footnote at end of table. 

~ t 

1.05 
.08 
.05 
.11 
.06 

9.34 

.30 
1. 70 
3.14 
4.93 

.95 

.51 

.39 

.14 

.03 

.04 

.20 

.40 

12.73 

1.53 
2.22 
2.47 
1.12 

.24 
.07 
.03 
.01 
.10 
.08 
.54 
.28 

8.69 

.48 

.34 
6.30 
1.24 

.32 

~ 

1.95 
.01 

0 
.42 

0 

9.19 

0 
2.67 
1.58 
4.48 

.55 

.52 

.75 

.02 

.01 
0 
1.14 

.80 

12.52 

1.87 
1.25 
2.63 

.51 

.01 
.01 
.03 
.01 
.84 
.33 

1.44 
I•• 56 

9.49 

.44 

.07 
4.92 

.61 

.07 

, 


1.80 
3.07 
1.04 

.48 

.02 

24.38 

.06 

.23 
2.33 
1.40 
7.06 
4.77 
2.70 
3.40 
3.83 

.51 
1.19 
0 

27.48 

1.04 
.28 

2.51 
.42 

2.96 
4.78 
5.46 
5.11 
3.39 
2.19 

.16 

.39 

28.69 

.44 
0 
1.71 
1.20 

.87 

~ 

0 
.09 

0 
0 
() 

4.88 

0 
0 
0 
0 

.86 

.95 

.01 

.24 

.15 
0 
0 
0 

2.21 

.21 
0 

.52 
0 
0 

.21 

.48 

.81 

.41 

.25 
0 
0 

2.89 

.01 

.04 

.08 
0 
0 

.01 

.03 
0 
0 
0 

3.06 

0 
0 

.16 
0 

.68 
1.32 

.04 

.04 
0 
0 
0 
0 

2.24 

0 
.02 
.05 

0 
.01 
.12 
.41 
.50 
.14 
.48 

0 
0 

1. 73 

0 
0 
0 
0 

.01 

" 


5.41 
16.47 
1.97 

.77 

.53 

61.99 

----_ ... _

-------;&-- ... ----

-- ....... --

---_ ........ 
------ .. 

----- ... -

------ .. 

--_ .. ---

1.93 
10.99 
1. 54 

.11 

.03 

26.58 

---- ... --
--~- ...... -

-- .. ----

- .. -----

---_._-

---.---

2.13 
11.24 
1.00 

.18 
0 

26.94 

--- ...... _-
-... ~-----
-_ ... ----

... ------
-- ... --_ .. 
---- .. --

____ 0. __ 

3.74 
.52 

5.83 
2.24 
7.34 

34.49 

5.16 
5.02 
2.21 

.63 
2.05 
7.91 
4.69 

.23 
4.73 
2.49 
1.99 
1.89 

39.00 

1.25 
1.57 
1.20 
3.74 
2.56 
6.29 

.35 

.10 
2.71 
2.22 
3.68 
1.25 

26.92 

.52 
1.29 

.99 
2.06 
2.75 

.09 
0 

.28 

.11 
3.88 

6.32 

3.67 
3.07 

.10 
0 
0 
1.86 

.69 
0 

.48 

.12 
0 

.10 

10.09 

.02 

.05 

.08 
.39 
.14 

1.05 
.02 

0 
0 
0 

.01 
0 

l. 76 

------~-
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.14 
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TABLE 7.-Precipitation, observed runoff, and runof!as c01nfYUted by USDAHL-7J,. model for J,. watershed81-Con. ~ 
~ 

W-97, Coshocton, Ohio W-ll, Hastings, Nebr. W-3, Ft. Lauderdale, Fla. W-G, Riesel, Tex. 
Year and 

month Precipi~ Observed Computed Precipi- Observed Computed Precipi- Observed Computed Precipi- Observed Computed 
tation runoff runoff tation runoff runoff tation runoff runoff tation runoff runoff 

1-3 
t.:r:1 
0 

Inches Inches Iru:hes Inches Inches Inches Inches Inches Inches blches Inches Inches II: 
Z1963-Con. 	 ....June________________ 	 03.23 .59 .85 4.29 .15 .01 ---,..---- -------- -------- 3.37 -------- 0July ________________ 	 >

2.68 .04 2.20 0 	 .34 0 t"'.01 0 -------- -------- -------- --------Aug________________ 
2.84 .05 .10 2.24 0 0 	 .82 0-------- -------- -------- -------- bj

Sept ________________ c::.25 0 0 8.92 1.08 1.3S 	 1.10 0-------- -------- -------- -------- t"'Oct _________________ 
Nov________________ .25 0 0 1.11 .02 .08 -------- -------- -------- 1.62 -------- 0 &;

1.59 .01 0 .29 0 0 	 3.91 .23-------- -------- -------- ------ ... - 1-3])ec_________________ 	 ....1.48 .01 .15 .15 0 0 	 1.82 .16-------- -------- -------- -------- Z 

TotaL __________ Z26.58 9.38 7.22 23.42 1.38 1.46 	 20.59 0 .51-------- -------- --------	 p 
..... 
en1964 	 .....Jan_________________ 	 _002.71 .19 1.35 0 0 0 	 3.28 .05 .67 

--------~Feb_________________ 
.50 .09 .83 .43 0 0 	 2.02 .01 0 c::-------,- -------- -------

~ar~ _______________ 8.84 5.15 3.80 1.19 0 0 	 2.05 .02 .27 rn-------- ------- ..... --------Alpr_________________ 
5.76 3.03 2.41 1.16 0 0 	 4.18 .32 .61 tj 

~ay________________ 	 -------- -------- -----_ .... 
t.:r:13.54 .86 .44 .98 0 0 	 .59 0 0---,..---- -_ .... ----- --------June________________ 	 >,;

3.30 .18 .01 5.78 .93 .92 	 1.87 0 0-------- -------- --------	 >July________________ t:O3.42 .07 .01 3.40 .11 .01 	 0 0 0
Aug________________ 3.90 .17 .37 5.61 .52 .08 	 6.24 .10 0-------- -------- --------	 ~ Sept________________ .66 0 0 1.68 .08 .23 	 4.26 .01 0 t.:r:1 
Oct _________________ 	 Z.84 .01 0 .11 0 0 	 .99 0 0-------- -------- --------	 1-3 
~ov~ _______________ 1.77 .04 .14 .52 0 0 	 3.45 .07 0-------- -------- --------	 0])ec_________________ 	 . 

0 	 I-!;j 

p:.. 
4.42 .61 2.15 0 0 0 	 1.06 0 

TotaL __________ 39.66 10.40 11.51 20.86 1.64 1.24 	 29.99 .58 1. 55 ~ .... 
0c:: 

1 Precipitation adjusted for snowmelt estimates. 	 t"' 
1-3c:: 
t:O 
t.:r:1 

).. 	 ~ ~ ~ ~~ r• 
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FIGURE ll.-Chart showing accuracy of USDAHL-74 model for estimating annual computed runoff as compared 
with annual measured runoff at four watersheds. 
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FIGURE 12.-Precipitation-runoff relationships for cumulative runoff at four watersheds. 
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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY 

TABLE 8.-Correlation oj observed runoff with observed precipitation and with t<moff computed by 

USDAH~74 model based on l-month runoff period Jor 4 watersheds 


Watershed and independent variable 1 

W-97, Coshocton, Ohio: 
Observed precipitation ____________ 
Computed runoff_________________ 

W-ll, Hastings, Nebr.: 
Observed precipitation ____________ 
Computed runoff _________________ 

W-3, Ft. Lauderdale, Fla.: 
Observed precipitation _________ .. __ 
Computed runoff_________________ 

W-G, Riesel, Tex.: 
Observed precipitation ____________ 
Computed runoff_________________ 

All watersheds, computed ______________ 

Observed 
a J b J S, r runoff N 

(from 0 to-) 

-0.33 
0 

0.43 
1.00 

0.95 
.57 

0.67 } 
.89 

6.30 {96
96 

.20 
0 

.22 
1.00 

.41 

.21 
.77 }
.95 

5.22 {96
96 

-1.01 
0 

.52 
1.00 

1.24 
.57 

.87 } 
.97 

10.99 {60
60 

-.33 
0 

.25 
1.00 

.57 

.26 
.65 } 
.94 

3.88 {90
90 

0 1.00 .42 .95 10.99 342 

1 Runoff us computed by USDAHL-74 model; r is for unbiased fit of computed vs. observed, where 
r=Y1-S.'jS.2 

S,2 = ~ (observed-computed)2/(N-2) 
Sv2=[~(observed2)-(observed)2/N]/(N-1). Precipitation adjusted for snow and snowmelt. 
N =number of observations. 


Correlation equation: y=a+bx. 


and moisture regimes are already a concern 
in the design of level terraces, in contour strip
cropping, in terrace benching (21), where an 
upslope strip of land is steepened to plLOvide 
runoff water for crop production on a lower, 
leveled bench of land, and in many other de
signs for agronomic practices to conserve soil 
and water. The status and movement of free 
water in each soil zone could be -printed out 
since they are important factors in interceptor 
ditching, tiling, and other solutions for drain
age problems. Incorporation of these segments 
into the systems analyses of the watershed 
is essential if we are to achieve comprehensive 
planning. 

Flood hydrographs continue to be of inter
est to watershed engineers. Figure 1'7 pre

sents a computation of the annual hydrograph 
of average daily flows for W-3, Ft. Lauderdale, 
Fla., for 1956-60. Similar hydrographs of 
instantaneous rates can be printed out for any 
watershed by changing the print statements 
and the involved storages in the computer pro
gram. 

Sensitivity of the model involves permuta
tions of so many conditions and characteristics 
that a concise summary is not yet feasible. In 
general, the parameters affecting water yield 
are soil depths, root depths, evaporation rates, 
and the annual distribution of rainfall, wherea2 
flood peaks and recession flows are most sensi
tive to rainfall intensities and the storage co
efficients used in routing surface and sub
surface flows. 
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AVAILABLE MOISTURE IN UPPER 5 FEET OF SOIL 
W-97, Coshocton, Ohio USDAHL Model-74 

!2~----fl"tlld capacity ------------------------------i 

Zone I, UPLANDS 

~12~-----h"tlldcapacfly -----------------------------~ 
% 
(.) Zone 2, HILLSIDES 
~ 

I&i S 
a:: 
;:) 
~ 
~4 
o 
:f 

o 
!960 

FIGURE 14.·-Available moisture in upper 5 feet of soil or soil moisture regimes at W-97, Coshocton, Ohio, as 
computed by USDAH~74 model. 



27 USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY 

.--------------~----~------

CASCADING OVERLAND FLOWS ON THREE SOIL ZONES 
W-II, Hastings, Nebr_, 6/15/57 USDAHL Model-74 

Zone I, UPLANDS 

Zone 3, BOTTOM LANDS 

FIGURE 15.-Depth and rate of cascading overland flows on three successive soil zones of W-ll, Hastings, Nebr., 
June 15, 1957, as computed by USDAHL-74 model. 

EVAPOTRANSPIRATION ON THREE HYDROLOGIC 
RESPONSE ZONES USDAHL Model-74 

36 W-97, Coshocton, Ohio 

-- RAIN + SNOWMELT 
32 C_o ZONE I, UPLANDS 


4---4 ZONE 2, HILLSIDES

1-···. ZONE 3, BOTTOM LANDS 
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FIGURE 16.-Evapotranspiration on three hydrologic response zones of W-97, Coshocton, Ohio, as computed by 

USDAHL-74 model. 
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,---------------,"'l~o 
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FIGURE 17.-Annual hydrographs of average daily streamflow in watershed W-3 (10,050 acres or 4,070 ha), Ft. 
Lauderdale, Fla., comparing observed data with data computed by USDAHL-74 model for 1956-60. 
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FUTURE RESEARCH 


Trial applications of the USDAHL-74 
model indicated several critical needs for 
greater emphasis in the research program. 
They include (1) snow deposit and snowmelt 
prediction on agricultural watersheds in mod
erate climates, (2) root depth and moisture ex
traction patterns in layered soils, (3) geologic 
and geomorphic dimensioning throughout the 
watershed, and (4) practical dynamic ap
proaches for routing flows through porous 
media. 

The Hydrograph Laboratory plans to con
tinue application of the model to watersheds, 
plots, and lysimeters at other locations to have 
a better representation of the national spec

trum of climate and agriculture. We hope to 
begin more of this research in cooperation with 
ARS field projects. At this stage of develop
ment the model puts into a formal order all 
presently available subroutines that are adopted 
tentatively to permit progress in the overall 
study of watershed engineering. The model 
routines are divided so that as better sub
routines are developed for each part of the 
process they can be inserted into the model 
without interfering with other routines in the 
sequence. Thus a sequence of best estimates 
will be maintained while research continues 
to improve each component. 
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APPENDIX 


The original USDAHL-70 model program 
was written with two major objectives
cla'rity and ve1·satility. The program is con
structed in distinct subroutines so that as new 
concepts are evolved in a particular study area, 
the program will be relatively easy to update. 
Since modifications might have to be made be
cause of differences in available equipment, par
ticularly in core size, the model is programed 
to simplify overlaying procedures. Many vari 
ables are kept in storage and are not printed 
out in the standard output. For a particular 
research interest they are readily available. 

'l'lle program was developed on an IBM 
360-65 computer operating under OS with 
HASP. The programing language is level G 
FORTRAN. Approximately 98K bytes of stor
age are required to run unoverlayed, and com
pilation cpu time using the level G compiler is 
approximately 1.55 minutes. Execution time 
for breakpoint rainfall on a three-zone water
shed with subsurface flow is about 1 cpu min
ute per year. 

The model has also been run on a Univac 
1108 using the Exec 8 Control Language. Under 
this system 19K words of storage are needed, 
compilcltion time is 2.5 minutes, and, using the 
same watershed previoLlsly described, the run 
time is 28 cpu seconds per year. 

The program is composed of 14 subroutines 
in addition to the MAIN, and it contains num
erons comments that can be referred to for 
specific information. All the variables, which 
are in COMMON, are defined in comments at 
the beginning of MAIN. The model has two in
put and five output files. The data set reference 
variables are defined in the first executable 
statements in MAIN. 

The model uses English units of measure. In 
general, volumes are in surface inches, lengths 
are in inches, and rates are in inches per hour. 
A metric version is also available. 

Program decks and sample data can be ob
tained by writing to the Hydrograph Labora
tory. Please indicate the kind of computer on 
which the program will be run and whether 
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a magnetic tape or card deck is desired. The 
sample program contains about 3,000 records 
80 characters long. 

Input Parameters 
Input parameters to the program describe 

the following: (1) Wate1·shed, (2) zones, (3) 
soils, (4) r07tting (channel and s7tbsu1·!ace) , 
(5) cascading, and (6) land 7tse. Table 9 gives 
the format for the input parameters. A sample 
program printout of input parameters appears 
in tables 12 and 13. The maximum "q's" and 
the recession coefficients under SUB SURFACE 
P ARAMS and the soil parameters in inches 
shown in table 12 are calculated by the pro
gram from inputs in table 9. All the param
eters are read using data set reference variable 
IREAD. 

Input data to the program include tempera
ture, percent grazing (GZ), tillage practice, 
percent land use by zones, pan evaporation, and 
rainfall. See table 10 for the format for all the 
input data except rainfall. Table 10 data are 
read on data set reference variable IREAD. 

Input temperature data to the model are 
entered as 52 weekly averages of daily means. 
Data for 1 year are entered on 13 cards with 
4 values per card. 

Tillage practice information is entered on a 
separate card for each crop. The information 
can be read either once at the beginning of 
execution or yearly depending on whether 
"Does tillage change?" in table 9 is answered 
"Yes" or "No." Codes for different tillage or 
cultural practices are (1) turnplow (PLO), 
(2) plant (PLA) , (3) harvest (HAR) , and 
(4) cultivation (CUL). If there are not seven 
tillage operations for any crop in table 10, un
used columns should be left blank. 

The percent zone in each land-use crop is 
entered the first year and thereafter when land 
use changes. A card must be entered the first 
year for each zone in the watershed. The per
cent crops must be indicated for the zone in the 
same order as listed under land use in table 9. 
A blank record must be entered between the 
land-use percents and the pan data. If "Does 
land use change?" in table 9 was answered 
"Yes," then at least one card must be present 
each year. If no change occurred for a given 

year, enter a blank card. If that question was 
answered "No," no cards are submitted for this 
section after the first year. 

The pan-evaporation data are entered for 
each year of record as weekly averages of daily 
inches. The 52 values are entered on 13 cards. 
Pan data are read in subroutine LANUSE, and 
the data set reference variable is IREAD. 

The items in table 10 are repeated yearly if 
the data are available. Temperature and pan
evaporation data must be read in for every year 
of calculation. If a partial year is calculated, 
blank cards may be inserted for the weeks not 
included in the calculation, but 13 cards must 
be submitted. 

A more detailed description of the param
eters requested in table 9 follows. 

(Items (1) through (32) are read in subroutine 
PARAMS.) 

(1) 	 Comments _________ Watershed identity, rain 
gage, period of record, and 
other information that will 
identify run. 

(2) 	Dates for storm Dates for which detailed 
hydrograph out- routing information is to be 
put. saved. 

(3) WIS, acres .. Watershed acreage. 

(4) 	 Number of zones ___ .. Number of hydrologic re
sponse units. See figure 1. 

(5) 	 Routing coefficients: 
Total __________ Total number of segments 

in recession curve (see 
figs. 8-9) at some down
stream point in encompass
ing watershed or region. 

Above weir _____ Total number of segments 
in observed recession at 
outlet of watershed con
sidered. 

(6) 	 Number of crops ___ Total number of crops or 
land-use practices (i.e., 
drilled and straight-row 
corn might be two crops). 

(7) Deep ground-water 	 Deep percolation rate that 
recharge, 	 in/h. does not show up in reces

sion curve. See Hydro
geology section in text. 

(8) 	 Does land use If any crop distribution 
change? ,Percents .within zones 

Yes/No. 	 change during period of 
run, answer fly68." 
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(9) Does tillage change? Is the tillage practice avail 
Yes/No. able yearly for each crop~ 


(If "No," only include prac

tice for first yeal' of calcu

lation for every crop. 

Answer uN0" even if prac

tice is available for some 
but not all crops.) 

(10) 	 Z number __________ Zone number. "1" is up
land. 

(11) 	 'leWIS ____________ Percent areal distribution 
of soil zones in watprshed. 

(12) 	Length, ft _________ Average length of flow on 
zone. 

(13) % slope _____ - _____ Slope of zone. 

(14) Fe, in/h ___________.Final rate of infiltration 
after prolonged wetting. 
See Literature Cited (18). 

(15) 	 Topsoil, in ________ Depth in inches of A hori
zon or topsoil. See table 2. 

(16) 	 Total soil, in _______ Depth in inches of aerated, 
weU-drained soil including 
topsoil. See table 2. 

(17) Z number __ • _____ oZone number. 

(18) % G, __________ ~-Percent of topsoil depth 
drained by gravity. 0-0.3 
bar. See table 4. 

(19) 	 o/c AWe, ___________ Percent of topsoil depth 
drained by plants. 0.3-15 
bar. See table 4. 

(20) 	 % ASM, Percent of topsoil depth 
holding water at beginning 
of calculation period. This 
total cannot exceed percent 
G, + percent A Wet. 

(21) o/c cracking ________ Percent of topsoil depth 
subject to cracking. See 
equation 4. 

(22) 	 0/, G", o/c A we" o/c Same as previously except 
ASM2, % crack they refer to soil profile be
ing. low topsoil. 

(23) At, h ______________Calculation interval de

sired for channel routing. 
Must divide evenly into 
24.0 and should be less than 
or equal to one-fifth of 
channel routing coefficient. 

(24) 	me, h __.. ___________Channel routing coefficient. 
See figures 8 and 9. 

(25) Initial, in/h ___ ~ ____ Rate of channel flow at 
beginning of calculation 
period. 

(26) 	 Initial snow Water equivalent of amount 
of snow covering ground at 
beginning of calculation 
period. 

(27) 	 THAW __ ~ _______ . Temperature at which 
snowmelt starts. May vary 
owing to differences in 
elevation or aspect at tem
perature station and major 
part of watershed. 

(28) 	 q, to q" in/h _~- _____ Maximum rates of flow as
sociated with each linear 
segment of recession curve 
except channel flow seg
ment. If recession has only 
a channel fiow segment, this 
card is deleted. Fields not 
pertaining to watershed 
may be left blank. (ql is 
largest rate, q, is smallest.) 

(29) 	 111, to m" h _ _. Routing coefficients of seg
ments, not including chan
nel. (ml is smallest coeftl
cient, 7n, is largest.) 

(30) '7c subfiow diverted 	 Percent subsurface flow 
to 	channel. from zones above alluvium 

that does not cascade allu
vium but goes directly to 
channel. See figure 1. 

(31) ')C.z. cascading 	 Percent overland flow that 
Zn"'l. 	 cascades succeeding zone. 

See figure 1. 

,(32) 	 Remainder ___ Flow that does not cascade 

sequentially but goes to 

either channel or alluvium 

but not both. 


(Items (33) through (47) are read in subroutine 
LANUSE.) 

(33) 	 Crop name _.. ___ Name of each crop (not 

more than eight letters per 

crop starting in column 1). 


(34) 	 a values _ . Basal area of vegetation 

used as index of surface

connected porosity. See 

table 6. 


(35) 	 Vd, in Volume of depressions 

that would store rainfall 

until it infiltrated. 
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(36) 	ETIEP .......... _........................................ Ratio of maximum evapo
transpiration amount to 
maximum pan evaporation 
for a year. See "k" value in 
equation 2. 

(37) Root depth, in .............................. Root depth. See table 2. 


(S8) TU ........................................................................... Temperature (OF) above 
which crop's ET is im
paired. 

(39) 	 TL ................................................................................ Temperature (OF) below 
which crop's ET does not 
function. 

If the watershed has fewer than four zones, 
omit the additional cards in the Zone and Soils 
sections of table 9. 

A more detailed description of the data re
quested in table 10 follows. 

(40) 	Temperatures ..... _....................Consecutive weekly aver
ages of daily mean tem
peratures (OF). Average 
temperature for first week 
begins in column 49 of card 
1; temperature for 52d 
week begins in column 73 
of card 13. 

(41) 	 Crop name __ ..... __ .......... _..... This name must match ex
actly the name given in 
item 33. Delete unused 
cards. 

(42) 	 GZ _........................................................................... Percent reduction in evapo
transpiration attributable 
to grazing. This figure is 
average for year. 

(43) TIL __ .......... _.......... _.......... __ ........... One of four tillage codes. 


(44) 	 MMDDYY .............................. ___ Date of tillage practice. 
Two dates for same crop 
may not be in same week. 
Month, day, year. 

(45) Z number ~~ __ ..... ___ ............... Zone number. 


(46) 	 % crop ............................................................ Percent of zone in crop. 
Sum of percents for a given 
zone must equal 100. 

(47) 	 EP, in/d ....................................................... Consecutive weekly aver
ages of daily pan evapora
tion. 

The input precipitation can be breakpoint or 
standard time intervals. Each observation must 
contain the date, military time, and amount of 
precipitation in inches since the previous 
reading. Time between two observations cannot 
be zero. The time increment should not exceed 
24 }unw's for any precipitation period, (Note: 
This limit is occasioned by the storage allotted 
to the DELT array in COMMON and by the 
program division of all rain increments greater 
than 0.5 hour,) During extended periods of no 
precipitation, M should not exceed 2 months, A 
trailer card with 80 columns of "9's" indicates 
the end of the data and stops execution of the 
program as of the last input date and time, 
A calculation can begin and end at any time 
during a year. When continuous years of data 
are run, each year must end with a 1231YR 
2400 uP reading. Computations will start at 
0000 (military time) on the day of the :first 
observation and will end as of the last observa
tion. Any precipitation known to be snow 
should be marked by placing an S after the 
amount of precipitation. Precipitation is read 
in subroutine DATA. The data set reference 
variable is ITAPE, and it is unique to the 
precipitation data. The input precipitation 
format is shown in table 11. 



TABLE 9.-Format for input pa1"a.meters to USDAHL- 74. model 
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USDA HYDROGRAPH LABORATORY 1974 MODEL OF WATERSHED HYDROLOGY - PARAMETERS 

~ 
t>:l o 
II: 
~ 
f; 
t" 
to 

~ 
~ 
~ 
Z 
z 
!::l 
.... 
01 .... 
JD 
q 
1'n 
t:;j 
t>:l;e 
~ 
~ 
IS: 
t>:l 
Z 
~ 

o 
Io:j 

>
;J ..... o 
Cl 
t" 
~ 
q 
~ 
t>:l 

• Total soil inches are determined as depth of aerated soil; may be limited by water table, but must exceed topsoil by at least 1 inch ~ avoid 
error checks . 

.. Wp, and WP. = wilting point in percent volume of topsoil and layer 2, respectively. (OPTIONAL) 
"·INIT. SNOW is in water equivalent; THAW is temperature at which snowmelt starts. 
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USDA HYDROGRAPH LABORATORY 1974 MODEL OF WATERSHED HYDROLOGY - DATA 
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• If "TILLAGE CHANGE" ill answered "Yes" in table 9, enter cards each year. If answered "No," enter no caJrds after first year. First year 
. TIL symbols: 	GZ = % reduction by grazing or damage; PLO = turnplow; PLA = plant; HAR = harvest; CUL = cultivate. 

** If "LAND USE CHANGE" is answered "Yes" in table 9, (1) blank card follows "0/0 crop" eards each yealr or (2) blank card only if no 
CA!lchange. If answered "No" in table 9, blank card follows "% crop" cards first year only. 	 Ol 



TABLE ll.-Card format for input precipitation to USDAHL-7J,. model CI.? 
0") 

USDA HYOROGRAPH LABORATORY 1974 MODEL OF WATERSHED HYDROLOGY - RAINFALL 

1-3 
tr:J18 a 

I J 1 22 ~ ~ ~ 40 44 4754 r ~ 65 In r r ~STATION. . DATE I . TIt{~2 ~p3 \ DATE TIME L\P \ DATE TIME L\P SN DATE TIME L\P ~ Z
IDENTIFICAT MMDDYY HHMM X. XX 0 0 0 .... 

aW W W. w >
t"' 

SAMPLE IOZ09S71010olo.ools Ol095. 0103 0.0 S Ol0957 011 0.06 S OZ115· 120 0.0 s txl 
d 

E 
1-3 ..... 

z00 0 00 0oooooooorOOOOIO r:OO~OOOOOOOOr Toroooooooro ~OOO 000 000000 
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1-3 
is:55555 5555 555 5 55 5555 5 5555 5555 555 5555 5 5555 55555 tr:J 
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o 
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~ 

§
8888888888 88888 88 888888 8888 8888 888 888888 8888 8888 888 888888 8888 88888 g 
9999999999 99 99 99 999 99 999 999 999 999 99 9999 9999 999 999999 9999999919 ~ 

~IMMDDYY =month,day, year. 2Time in hours and minutes lmilltary). 3Precipitation increment in inches. 
tr:J 



37 USDAHL--74 REVISED MODEL OF WATERSHED HYDROLOGY 

are printed to this file. See tables 12-14. ParamOutput Files 
eter values in tables 12 and 13 are printedFive output files are produced by the model. 
once at the beginning of execution. Annual dataEach file will be discussed separately. IPRIN 

is the standard printer file, and its unit is six. in tables 13 and 14 are printed when the year 
All input }}arameters and input annual data changes. 

TABLE 12.-Sample program printout of various input parameter8 to 

USDAHL-74 model 


OSDAHL '74 HODEL CF WATERSHED HYDROLOGY 

SURF ACE FLOW 

S~ORH HYDROGRAPHS WILL BE PRINTED FOR THE FOLLOWING DATES: 

HO DAY (JULIAU) YR 

6 28 179 57 29 18c 57 30 181 57 1 21 21 59 

1 22 22 S9 23 23 59 24 24 59 


WATERSHED PABAHETERS 

ACRES.:: 1000.0 NUH8ER OF ZONES= 3.0 RTG COEFF: TOTAL= 5.0 ABOVE WEn= 3.0 NUHBER OF CROPS= 7.0 

DEEF GROUND WATER RECHARGE= 0.00120 DOES LAND USE CHANGE? YES DOES YEARLY TILLAGE CHANGE? NO 

GENERAL ZONE PARAHETERS 

ZONE ~ H/S LEIIGTH SLCH PC CPTF. 'tOP AERATED DPtH 
1 68.0 5385. 12.00 0.150 9.0 60.0 
2 24.0 1900. 25. 00 0'.300 e.Q 60.0 
3 8.0 634. 4. CO 0.150 16.0 60.0 

SOIL PARAHETERS 

ZONE ~ Gl ~ AWCl ~ ASHl CRAKl ~ G2 ~ AWC2 ~ A5M2 ~ CRA!\2 
1 11.4 19.9 14.0 0.0 9.1 j12.3 12.3 0.0 
2 11 .4 19.9 14.0 0.0 9.1 12.3 12.3 0.0 
3 11.4 19.9 14.0 0.0 9.1 12.3 12.3 O.C 

ROUrING PARAHETERS 

CHANNEL ROUTING DELT T= 0.250 CHANNEL COEFFICIENT= 1.40 INItIAL STREAM FLO= 0.00250 INITIAL SNew COYER= 0.0 

SUBSURP ~CE PARAHS 

REGIHE Q-HAX COEFFICIENT 

1 0,ft500 6.90 

2 0.01600 31.00 

3 0.00320 151.00 

4 0.00064 5970.00 


COEPFlCIENTS ~~ HAXIlIUH Q'S PROPOR1'10NED TO ZONES ACCO~OING TC TOFSOIL DEPTH 

REGIME H~ Q Zl H Z2 Q Z2 H Z3 Q Z3 
1 7.n 0.131216 0.60 1.51'1544 4.88 0.373591 
2 55.51 0.OE3611 4.90 0.965062 16.82 0.238051 

3 151.00 .o-.00J090 151.00 0.002747 151.0C 0.005494 

4 5970.00 0.00061 e 5970.00 0.000549 5970.00 0.001099 


CASCADING PARAHETERS 

ZONE ~ TO NEXT ZONE REST GOES TO? 

1 20.0 ALLOVIUH 
2 20.0 CHANNEL 


(100~ OP ALLUVIUH (ZONE 3) PLC ';oes TC CHANNEL) 

(~BASEFLO DIYERTED PROH ALLUViUH= 0.0) 


THE SOIL PARAHETERS IN INCHES FOLLOW. 

ZONE LAYER G AWC SA CRACKING C (IN/HR) TO PO SOILD 
1 1 1.026 1.791 1.551 0.0 0.0848 9.00 60.00 

2 4.641 6.273 4.641 0.0 0.0043 
3 0.467 0.0 0.467 0.0 0.0018 
4 3.690 0.0 3.690 0.0 0.0012 
1 0.912 1.592 1.384 C.0 0.9663 8.00 60.00 
2 4.732 6.396 4.732 0.0 0.0039 
3 0.415 0.0 0.415 0.0 0.0017 
4 3.280 0.0 3.280 C.O 0.0012 
1 1.824 3.184 1.671 0.0 0.2393 16.00 60.00 
2 4.004 5.412 3.~78 0.0 0.0067 
3 0.830 0.0 0.0 0.0 0.0023 
4 6.559 0.0 0.0 0.0 0.0012 
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TABLE 13.-Sample program printout of input land-use parameters to 
USDAHL-74. model and computed. GI curves 

. LANt USE PARAHETEHS 

A VALUES 
GRNHAY 

0.30 
PASTBE 

0.10 
COFNGF 

0.20 
weODS 

1. 00 
HAY;1 

0.60 
IDLE 

0.50 
MISCEL 

0.40 
CROP VD 0.05 0.05 0.05 0.05 0.05 C.05 0.02 
BUP 
ROOT DEPTH 
urHn TEHF 

1. 20 
24.00 
80.00 

1.00 
36.0C 
80.00 

1.50 
24.00 
85.00 

2.00 
60.00 
80.00 

1.;10 
30.00 
80.00 

1.0e 
15.00 
80.00 

1.00 
2.00 

80.00 
LOWER TEMP 32.00 32.00 45.00 35.00 32.00 35.00 32 .00 

TILLAGE PRACTICE IS NOT AVAILABLE POR YEARLY INFUT. THE TILLAGE PRACTICE FOR THE FIRST YUR OF CALCULATION 
WILL BE USED POR ALL OF THE YEARS. 

CROP GRAZING TILLAGE PRACTICES 

COR NG F FLO 43057 PLA 5 957 HAR 92657 PLA 101157 

GRNHAY HAR 72057 

HAY2 HAR 53057 BAR 6;1557 HAR 8 157 

PAS!RE NONE 

WOODS NONE 

IDLE NONE 

HISCEL NONE 

GI CURVES 

WEEK TUP GRNSU PASH! CCBNGB WOODS HAY 2 IDLE ftISCEL 
1 23.19 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
2 22.00 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
3 18.36 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
4 29.00 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
5 21.01 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
6 34.00 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
1 26.64 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
8 36.19 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
9 29.19 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

10 34.36 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
11 46.64 0.31 0.31 0.30 0.30 0.31 0.30 0.31 
12 39.43 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
13 41.29 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
14 41.19 0.30 0.30 () .30 0.30 0.30 0.30 G.30 
15 31.11 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
16 59.51 0.57 0.51 0.36 0.55 0.57 0.55 0.51 
11 66.64 0.12 0.72 0.54 0.70 0.72 0.10 0.12 
18 49.07 0.36 0.36 1.00 0.31 0.36 0.31 0.36 
19 67.00 0.13 0.73 0.10 0.11 o~ 73 0.11 0.13 
20 61.14 0.61 0.61 0.14 0.58 0.61 0.5e 0.61 
21 63.36 0.65 0.65 0.22 0.63 0.65 0.63 0.65 
22 63.43 0.65 0.65 0.31 0.63 0.20 0.63 0.65 
23 65.79 0.70 0.70 0.41 0.68 0.32 0.68 0.10 
24 76.71 0.93 0.93 0.65 0.93 0.63 0.93 0.93 
25 72.21 0.84 0.84 0.61 0.83 0.79 0.83 0.84 
2E 68.29 0.16 0.76 0.59 0.74 0.45 0.14 0.76 
21 70.00 0.19 0.79 0.63 0.78 0.54 0.78 0.79 
2e 11.43 0.82 0.8. 0.£6 O.Bl 0.68 0.81 0.82 
29 76.19 0.29 0.93 0.79 0.93 O. e1 0.93 0.93 
30 70.86 0.41 0.81 0.65 0.80 0.81 0.80 0.81 I 
31 14.00 Q.64 0.88 0.72 0.81 0 .. ~2 0.87 0.88 
32 11.51 0.18 0.82 0 ••6 0.81 0.60 0.81 0.02 
33 69.51 0.78 0.78 0.61 0.77 0.69 0.11 0.18 
34 67.19 0.75 0.75 0.57 0.73 0.13 0.73 0.75 
3:' 72.19 0.65 G.85 0.69 0.84 0.65 0.64 0.85 
36 65.86 0.11 0.11 0.52 0.69 0.71 0.69 0.71 
31 68.64 0.16 0.16 0.59 0.75 0.16 0.15 0.16 
38 68.14 0.75 O.7S 0.58 0.74 0.75 O.H 0.75 
39 53.86 0.46 0.46 0.09 0.42 0.46 0.42 0.46 
40 55.29 0.49 o.. q S 0.14 0.45 0.49 0.45 0.49 
41 51. 50 0.41 0.41 0.10 0.37 0.41 0.37 0.4 I 
42 51.29 0.40 0.40 0.13 0.36 O.~O 0.36 0.40 
43 43.51 0.30 0.30 0.17 0.30 0.30 0.30 0.30 
44 47.57 0.32 0.32 0.22 0.30 0.32 0.30 0.32 
45 35.86 0.30 0.30 0.26 0.30 0.30 0.30 0.30 
46 47.29 0.32 0.32 0.28 0.30 0.32 0.30 0.32 
q 36.21 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

48 37.79 0.30 0.3e 0.30 O. )0 0.30 0.30 0.30) 

~9 31.50 0.30 0.30 0.30 0.30 0.30 C.30 0.30 

50 29.29 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

51 44.29 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

52 35.44 0.30 0.30 0.30 0.30 0.30 0.30 0.30 


LAND OSE POR YEAR 1957 POLLOWS. If A ZONE IS NOT ""NTIONED, VALUES OF PR!:Vrous YUR ARE AssunEO. 

ZONE GRNHU= 13.0~ PASTOE= 22. O~ CORNGR= 13.0~ WOODS' 10.0~ HH2= 31.01 IDLE" 7. O~ 
ftISCEL= 4. O~ 

ZONE GRNHAY= 0.0~ PASTaE= O. O~ CORNGR= O. O~ WOOOS= 96. O~ HAY2= O.Ol IDLE= D.OS 
nISCEL= 4. O~ 

ZONE GRNHAY= () .O~ PASTRE= 96. O~ CORNG.= O. O~ WOODS= O.O~ HAY2= O.O~ rDL~' O.C~ 
MISCEL= 4. O~ 
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TABLE 14.-Sa.mple program printout of input pan-evaporation data 
to USDAHL-71,. model 

PAN EVAPORATION FOR YEAR 1957 FOLLOWS. 

WEEK 1 0.040 0.030 0.020 0.020 

WEEK 5 0.030 0.020 0.050 0.070 

WEEK 9 0.050 0.060 o. 150 0.080 

WEEK 13 0.080 0.050 0.220 0.070 

WEEK 17 0.140 0.200 0.260 0.200 

WEEK 21 o. 190 0.190 0.150 0.170 

WEEK 25 00230 0.190 0.21C 0.180 

WEEK 29 0.230 0.250 0.240 0<220 

WEEK 33 00230 0.200 0.150 0.160 

WEEK 37 0.120 0.090 0.140 0.150 

WEEK 41 0.080 0.100 0.080 0.080 

WEEK 45 0.050 0.060 G. 060 0.020 

WE'EK 49 0.020 0.050 0.050 0.040 

IDALY is the daily output file. Daily sun." maries are shown in table 16. They are printed 
maries are shown in table 15. They are printed as of the year's end or the end of data. 
as of 2400 hours. Monthly and annual sum
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TABLE 15.-San~ple program printout of various OUtPllt daily sllmmaries 
/'rom USDAHL-74 modeP 

DAILY SUMMARIES FOR YEAR 1957 
RUNOFF 

DAY RAIN INCHES CFS ZONE 1 ZONE 2 
QO ET: E GR Slll:2 QO ET: E GB SM1::' QO

163 2.54 1.339 257.597 1.15 0.16 0.000 2.11 1. 10 0.25 0.000 1.54 12.82 
0.00 5.31 0.00 3.22

164 0.32 0.176 33.878 0.00 0.17 O.COO 1.79 0.00 0.30 0.000 1.48 0.00 
0.00 5.62 0.00 3.26

165 0.04 0.106 20.320 0.0 0.17 0.000 1.65 0.0 0.29 0.000 1.25 C.O 
0.00 5.62 0.0 3.25 


166 0.0 0.018 3.555 0.0 0.17 0.000 1.51 0.0 0.24 0.000 
1.06 0.0 
0.0 5.60 0.0 3.20

167 0.02 0.003 0.569 0.0 0.16 0.000 1.40 0.0 0.21 0.000 0.93 0.0 
0.0 5.56 0.0 3.14

168 O.C 0.002 0.316 0.0 0.16 0.000 1.29 0.0 0.19 0.000 0.81 0.0 
0.0 5.51 0.0 3.07

169 0.0 0.002 0.294 0.0 0.21 0.000 1.16 0.0 0.21 0.000 0.70 0.0 
0.0 5.43 0.0 2.97

170 0.02 0.001 0.276 C.O 0.21 0.000 1.08 0.0 0.190.000 0.63 0.0 
0.0 5.33 0.0 2.87

171 O. () 0.001 0.261 0.0 0.2C 0.000 C.98 0.0 0.17 0.000 0.56 0.0 
0.0 5.22 0.0 2.77

172 0.0 0.001 0.250 0.0 0.20 O.COO 0.90 0.0 0.16 0.000 0.50 0.0 
0.0 5.11 0.0 2.67

173 0.0 0.001 0.240 0.0 0.19 O.COO 0.83 0.0 0.15 0.000 0.45 0.0 
0.0 4.98 0.0 2.57

174 0.10 0.001 0.232 0.0 0.19 0.000 0.86 0.0 0.15 0.000 0.49 0.0 
0.0 4.87 0.0 2.48


175 2.24 0.400 76.892 0.01 
 0.21 G.OOO 1.90 0.00 0.30 0.000 1.52 1.47 
0.00 5.23 0.00 2.81

176 O.C 0.080 15.424 0.0 0.15 0.000 1.75 0.0 0.26 0.000 1.27 0.0 
0.0 5.23 0.0 2.80

177 0.0 0.058 11.130 0.0 0.15 O.COO 1.61 0.0 0.21 0.000 1.08 0.0 
0.0 5.23 0.0 2.77

178 0.0 0.017 3.275 0.0 0.15 0.000 1.48 0.0 0.18 O. 000 0.94 0.0 
0.0 5.21 0.0 2.• 73

179 3.40 1.339 257.711 1.03 0.14 0.000 2.65 0.32 0.22 0.000 1.59 114.33 
0.00 5.81 O. 00 3.67

180 0.0 0.133 25.642 C.O 0.14 0.000 1.79 0.0 0.27 0.000 1.31 0.39 
0.00 6.34 0.0 3.67

181 O.C 0.123 23.666 0.0 0.15 O.COO 1.64 0.0 0.23 0.000 1.12 0.0 
O. 00 6.27 0.0 3.63

182 0.0 0.089 17.139 0.0 0.15 O.COO 1.51 0.0 0.21 0.000 0.97 0.0 
0.0 6.25 0.0 3.57

183 O. C 0.006 1.166 C.O 0.18 0.000 '1.38 0.0 0.22 0.000 0.83 0.0 
0.0 6.20 0.0 3.49


184 0.0 0.003 0.599 0.0 0.18 0.000 1.26 0.0 0.20 0.000 0.73 0.0 

0.0 6.14 0.0 3.39

185 0.21 0.003 0.499 0.0 0.18 0.000 1.36 0.0 0.20 0.000 0.83 0.0 
0.0 6.07 0.0 3.30


186 0.02 0.002 0.410 0.0 0.18 0.000 1.26 0.0 0.190.000 
0.75 0.0 
0.0 6.01 0.0 3.22

187 0.54 0.005 1.019 0.00 O.le 0.000 1.68 0.00 0.190.000 1.17 0.00 
0.0 5.S4 0.0 3.13

188 0.0 0.002 0.334 0.0 0.18 0.000 1.52 0.0 0.24 0.000 0.98 0.0 
0.0 5.93 0.0 3.08

189 0.60 0.057 11.064 0.00 0.18 O.COO 1.80 0.00 0.:!5 0.000 1.38 0.00 
0.00 5.97 0.0 3.04 

1 Definitions of headings: 

DAY _______________Julian day of the year. 

RAIN ______________ Inches of rain. 

RUNOFF ___________ Inches of total watershed runoff. 

CFS _______________ Mean daily cubic feet/second. 

QO _________________ Inches of overland flow. 

ET:E ______________ Upper value, .ET, is zone inches of evapotranspiration; 

lower value E is zone inches of direct evaporation from soil-free water. 

ZONE 3 
ET:E GR 

0.16 
0.0 
0.17 
0.01 
O.lE 
0.01 
0.16 
0.00 
0.16 
0.00 
0.16 
0.0 
0.19 
0.0 
0.15 
0.0 
0.19 
0.0 
0.19 
0.0 
0.19 
0.0 
0.18 
0.0 
0.20 
0.00 
0.16 
0.03 
0.14 
0.01 
0.14 
0.00 
0.15 
0.00 
0.17 
0.03 
0.17 
0.03 
0.15 
0.01 
0.17 
0.00 
0.17 
0.0 
0.17 
0.0 
0.17 
0.0 
0.17 
0.00 
0.17 
0.0 
0.17 
0.00 

0.015 

0.015 

O. 015 

0.015 

0.015 

0.015 

0.015 

0.015 

0.015 

0.015 

0.015 

0.015 

0.014 

0.015 

0.014 

0.014 

0.014 

O. 014 

0.014 

0.015 

0.015 

0.015 

O. 015 

0.015 

0.014 

0.C14 

0.0111 

SM1:2 
4.47 
6.36 
3.48 
6.76 
3.11 
5.69 
2.96 
5.45 
2.84 
5.41 
2.72 
5.38 
2.57 
5.34 
2.46 
5.28 
2.34 
5.21 
2.23 
5.13 
2.13 
5.05 
2.13 
4.97 
3.95 
6.95 
3.18 
6.48 
3.04 
5.71 

2 .• 91 

5.48 
4.42 
6.85 
11.34 
6.92 
3.73 
6.23 
3.19 
5.46 
3.03 
5.111 
:<.E8 
5.110 
2.95 
5.38 
2.82 
5.36 
3.18 
5.35 
3.01 
5.35 
':.211 
5.67 

• 


• 


GR _________________ Zone inches of deep ground-water contribution, i.e., downward seepage from last layer. 
SM1:2 ______________Inches of soil moisture in layer 1 (upper value) and layer 2 (lower value) in the zone 

at 2400 of the DAY. 
ZONE ______________ Homogeneous soil/cover complex. 

I 
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TABLE 16.-Sample '[Yrogra.m printout of various outP1tt monthly and 
annual S1.tm.ma-ries from USDAHL-74. model 

THE FOlIOWINr. I <; A IIf1NTHL Y <;U"''1ARY OF WAHR YIELDS 1957 : 

RAIN' RETURN FLOW 
MONTH MFLT FT EVAP RIINf)FF ONS HE OFF,ITf GR 

I 1.AOO 0.049 0.006 1. 031 0.9qa 0.124 0.002 
2 1.400 0.395 0.001 0.824 0.824 0.083 0.000 

3 t. AgO 0.9fl7 0.006 1.045 1.045 o.O'll 0.000 

4 ,.,00 2.048 0.362 3.101 2.051 0.679 0.000 

5 1.890 4.415 0.011 0.468 0.467 0.0 11 0.000 
6 10.080 4.614 0.110 2.371 o. no o .0'l9 0.000 

7 7.A50 5.770 0.069 0.745 0.738 0.152 0.000 

A 7.110 l.242 0.012 0.093 0.092 0.001 0.000 

9 1.690 1.986 o. all 0.451 0.446 0.018 0.000 


10 I. 'i?) 1.051 O.O'l1 ~.131 0.137 0.005 O.OCu 

11 7.700 0.574 0.006 1.007 0.995 0.044 0.000 
17 4.1>10 0.470 0.018 7..425 2.374 0.187 O.OOil 

TOTAl 41. R59 25.523 0.672 13.705 10.871 2.100 0.003 

lONF I ZONF 2 ZONE 3 

RFTlJP'J FLOW PE TURN FLOW RE TURN FlflW 

MO 00 IlNqTE OFFSIH GR oc r~s IT f OFFS ITf GR 00 ONS [IE OFFS rTF GR 
I 0.01 1.06 0.07 0.00 0.0 1.24 I). 03 O.OJ 0.43 12.47 8.3<"/ c.rn 
7 0.0 0.8f> 0.05 0.00 0.0 0.82 0.00 0.00 0.0 10.29 0.62 0.00 
1 0.0 1.1, 0.04 0.00 0.0 0.83 0.00 0.00 0.01 13.06 0.76 0.00 
I, (J.OO 1.7A 0.% O.'JO 'J.O 3.61 0.20 0.00 13. 11 25.64 3.12 0.00 
'i 0.00 0.04 0.00 0.00 0.00 0.27 0.0 0.0 0.00 5.84 0.17 0.00 
6 7. II I. 00 0.06 0.00 2.38 1.77 O.ot 0.00 20.89 8.88 0.66 0.00 
7 0.00 0.79 0.08 0.00 0.0 U.O 0.06 0.00 0.04 9.22 1.04 0.01) 
A C.OO 0.74 O.CO 0.00 0.0 0.33 0.00 0.00 0.00 1.16 0.00 0.00 
9 0.07 0.60 0.00 0.')0 1. DC 0.52 0.00 0.:>0 0.07 5.57 0.22 O.Oil 

10 0.0 0.27 0.00 0.00 0.1) 1).11 0.00 0.00 0.0 1.72 0.05 0.00 
Ll 0.01 0.99 0.00 0.00 0.00 0 ..~8 0.00 0.00 O. IS 12.44 0.54 0.00 
17 0.04 7.'i7 0.06 O.OC C.CO 2.14 0.00 U.OO 0.63 29.67 1.79 0.00 

TIlTAI 7. 19 11.4C 0.94 0.00 2.39 12.54 0.31 0.00 35.34 135.97 17.37 0.03 

THF Fllll'iWI"IG ARF <;A VALUES IN INCHES AT THE TIME THE AB'lVE SUi'I'1ARY WAS PRINTfO: 
lONF= 1 t.n497 l .690 ~ a .4~46 3.6896 
lONF= 7 0.9675 2.9157 0.4145 3.n95 
7f1NF= 'I 1.7040 3.6779 0.829S 6.5S9l 

THE FOI 10WI~r. ARF RF-START VALUFS TO APPRCX[~ATE WATfR5HEr CONelT IONS AT THF Tli'lE THf ABIlVE SUMMARY WAS PR[NTEQ: 

I NIT I AI <;TREAM FLn= 0.00138 

7rNF '" ASMI '" A5M2 


1 79.581 7~.19q 

7 79.151- ~9.l)r<; 


1 lO.60n 29.841 


PA IN FT RUNOFF E CN SOIL - CHANNEL - OEPRESS[O"lS-OVERLAND-OFFSITE = -1).')05 

41.AS9 25.573 13.-;05 0.1172 0.003 -0.13R 0.0 n.o 0.0 2.100 


IHYD is the variable name for watershed on dates chosen by the user in the input param
storm hydrograph output given in table 17. eter. 
This file is written to every routing delta time 
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TABLE 	17.-Satnple p'rogram printout 0/ otttput st1'oo1nfiow data /1'otn 
USDAHL-74- model /01' one 0/ storm dates in table 9 1 

STORM HYDROGRAPH FOR YEAR 1957, DAY 179 
TIME RAIN VOL RUNOFF VOL (INCHES) RUNOFF RATES (AVG IN/ HE) AVG CFS 

(INCHES) CHAN SUE TO! CHAN SUB TOT !O'I 
0.25 0.0 0.0 0.00 0.00 0.0 0.00099 0.00099 4.56 
0.50 0.0 0.0 0.00 0.00 0.0 0.00028 0.00028 1. 30 
0.75 0.0 0.0 0.00 0.00 0.0 0.00028 0.00028 1. 30 
1. 00 0.0 0.0 0.00 0.00 0.0 0.00028 0.00C28 1. 30 
1.25 0.0 0.0 0.00 0.00 0.0 0.00028 0.00028 1. 30 

12.75 0.26 0.0 0.00 0.00 0.0 0.00017 0.00017 0.77 
13.00 0.26 0.0 0.00 0.00 0.0 0.00017 C.OOC17 0.77 
13.25 0.64 0.00 0.00 0.00 0.00162 0.00070 0.00232 10.73 
13.50 0.65 0.00 0.00 0.01 0.00273 0.0027~ 0.00545 25.17 
13.75 0.65 0.00 0.01 0.01 0.0 0.00762 0.00762 35.17 
14.00 0.65 0.00 0.01 0.01 0.0 0.0069C 0.00690 31.E5 

"14.25 1. 02 0.00 0.01 0.01 0.00430 0.00781 0.01212 55.95 
14.50 1.03 0.01 0.01 0.02 0.01518 0.00889 0.02407 111.15 
14.75 1.04 0.01 0.02 0.03 0.02583 0.01189 0.03772 174.20 
15.00 1.17 0.02 0.02 0.04 0.03306 0.01212 0.04518 208.62 
15.25 1.18 0.03 0.02 0.05 0.04248 0.01425 0.05673 261.98 
15.50 1.18 0.04 0.03 0.07 0.04549 0.01428 C.05977 276.C3 
15.75 1.19 0.05 0.03 0.08 O. C3950 0.01482 0.05432 250.c5 
16.00 1. 20 0.06 0.03 0.09 0.03C87 0.01271 0.04358 201.2,6 
16.25 1.23 0.07 0.04 0.10 0.02784 0.01802 0.04587 211.81 
16.50 1.25 0.07 0.04 0.11 0.02183 0.01195 0.03378 156.01 
16.75 1. 41 O.OB C.05 0.13 0.C2853 0.02253 0.05106 235.81 
17.00 1. 46 0.09 0.05 0.14 0.04829 0.01768 0.06597 304.66 
17.25 1.55 0.11 0.05 0.16 0.06174 0.01703 C.07877 363.76 
17.50 1. 70 0.13 0.06 0.18 0.C7509 0.01687 0.09197 424.70 
17.75 1.83 0.15 0.06 0.21 0.e'3281 0.01645 0.10927 504.59 
18.00 1. 96 0.18 0.07 0.24 0.11482 0.01598 0.13C80 604.03 
18.25 2.18 0.21 0.07 0.28 0.14350 0.01539 0.15889 733.74 
'8.50 2.38 0.26 0.07 0.34 0.18996 0.01381 0.20377 941 .01 
18.75 2.76 0.32 0.08 0.40 0.24594 0.01278 0.25872 1194,.78 
19.00 2.99 0.41 0.08 0.49 0.33835 0.01020 0.34 E55 1609.59 
19.25 3. 18 0.52 0.08 0.60 0.45053 0.00560 0.45612 2106.38 
19.50 3.27 0.64 0.08 0.72 0.48939 0.00310 0.49248 2274.30 
19.75 3.33 0.75 0.08 0.84 0.44622 0.00169 0.44792 2068.48 
20.00 3.37 0.85 0.08 0.93 0.38434 0.00251 0.38685 1786.47 I 
20.25 3.39 0.93 0.08 1.02 0.32605 0.00481 0.33086 1527.90 
20.50 3.40 1 .00 0.09 1.09 0.27170 0.00728 C.27e98 1288.31 
20.75 3.40 1.06 0.09 1.14 0.22127 0.01007 0.23134 1068.35 
21.00 3.40 1 .09 0.09 1. 19 0.15935 0.01244 0.17179 793.32 
21.25 3.40 1 .12 0.09 1 .21 C.10150 0.01324 0.11474 529.88 
21.50 3.40 1.14 O. 10 1.23 C. 05974 0.01348 0.07322 338.13 
21.75 3.40 1.14 0.10 1.25 0.C3877 0.01348 0.05226 :241.32 
22.00 3.40 1.15 O. 1 1 1.26 0.033e9 0.01649 C.05037 232.63 
22.25 3.40 1. 16 O. 11 1.27 0.C2293 0.01385 0.03678 169.87 
22.50 3.40 1.16 O. 11 1.28 0.01686 0.0138.5 0.03071 141.82 
22.75 3.40 1.17 O. 12 1.2 e o • C 16 86 0.01385 0.03071 141.E2 
23.00 3.40 1.17 0.12 1.30 0.C2664 0.02653 0.05317 245.54 
?3.25 3.40 1.18 O. 13 1.31 0.03078 0.01628 0.04706 217.35 
23.50 3.40 1.19 0.13 1.32 0.02514 0.01628 0.04142 191. 28 
23.75 3.40 1. 19 0.13 1.33 0.C2514 0.01628 0.04142 191.28 
24.00 3.40 1.20 0.14 1.34 0.C2514 0.01628 0.04142 191 .28 

~ Definitions of headings: 

TIME ___________--_ Accumulated mi.1itary time of day. 
CHAN _------------ Channei flow.
SUB ________________Subsurface outflow, 

_______________ Sum of CHAN and SUB.TOT 

http:1194,.78
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as lHYD for every rainfall breakpoint timeTable 18 lists the overland flow zone hydro
gl:aph output and is printed on the same dates interval on file lOVER. 

TABLE 	U~.-Sa1nple p1'og'ram p1'intol,tt of 07.ttP1~t 01;e1:land flow data by 
zOnes frbm'USDAHL-74 model for storm dates in table 9 I 

OVERLAND FLOW HYDROGRAPH FOR YEAR 1957 DAY 179 

TItlE 
3.333 
3.667 
3.917 
4.017 
4.317 
4.917 
5.917 
6.083 
6.250 
6.500 
6.667 
6.717 
6.967 
7.067 
7.367 
7.417 
7.708 
8.000 
8.100 
8.400 
8.867 
9.000 
9.100 
9.400 

10.000 
11.000 
13.000 
13.050 
13.083 
13.167 
13.417 
13.517 
13.817 
14.000 
14.133 
14.167 
14.250 
14.500 
14.600 
14.667 
14.967 
15.000 
15.250 
15.350 
15.650 
15.667 
16.167 
16.500 
16.550 
16.833 
17.000 
17.333 
17.500 
17.833 
16.033 
18.167 
18.283 
18.416 
18.666 
18.7~0 
18.950 
19.016 
19.083 

RAINT 
0.0 
0.1800 
0.0400 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3600 
0.1200 
0.0600 
0.4000 
0.0400 
0.0 
0.0 
0.0 
0.0514 
0.0514 
0.0 
0.0 
0.0 
0.2250 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.9000 
3.0000 
0.0400 
0.0 
0.0 
0.0 
0.9750 
6.0001 
0.4800 
0.0400 
0.0 
(l.0 
0.1000 
3.3000 
0.0400 
0.0 
0.0 
0.0 
0.0800 
0.1200 
2.0005 
0.2471 
0.1800 
0.3600 
0.7200 
0.5100 
0.5500 
0.8251 
1.1144 
0.4500 
1.2000 
2.1600 
0.3500 
3.1502 
0.6000 

QO Zl 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.00728 
0.07643 
0.02652 
0.01413 
0.0 
0.0 
0.00205 
0.05440 
0.05849 
0.02752 
0.01836 
0.01372 
0.00204 
0.02373 
0.00747 
0.00350 
0.0 
0.0 
0.0 
0.0 
Q.00347 
0.00349 
0.00235 
0.00900 
0.03112 
0.OG286 
0.08993 
0.13020 
0.18781 
0.19742 
0.34170 
0.46820 
0.41933 
0.59132 
0.58873 

01 Zl 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.06691 
0.27354 
C.14512 
o.099~4 
0.0 
0.0 
0.03135 
0.22315 
0.23304 
0.14838 
0.11644 
0.09780 
0.03121 
0.13577 
0.06796 
0.04314 
0.0 
0.0 
0.0 
0.0 
0.04294 
0.04307 
0.03399 
0.07600 
0.15972 
0.24333 
0.30153 
0.37631 
0.46862 
0.48284 
0.670·51 
0.80980 
0.75807 
0.93131 
0.92886 

SF 21 
0.0 
C•. 06000 
0.07000 
0.07000 
C.07COO 
D..07000 
C.07000 
0.07000 
0.13000 
0.16000 
C. 17 000 
0.19000 
C.20000 
0.20000 
0.20000 
0.20000 
0.21500 
0.23000 
0.23000 
0.23000 
0.23000 
0.26000 
C.260CO 
0.26000 
0.26000 
0.26000 
0.26000 
0.26000 
0.27429 
0.31691 
0.44446 
0.48819 
0.61455 
0.63398 
0.68383 
0.69182 
0.71922 
0.80525 
0.83529 
0.85297 
0.94592 
0.95115 
1.02467 
1.04859 
1.12598 
1.12598 
1.17622 
1.21622 
1.22448 
1.29236 
1.33028 
1.40612 
1.44076 
1.51020 
1.54967 
1.57318 
1.592.66 
1.61522 
1.66146 
1.67259 
1.70644 
1.71387 
1.72126 

QC Z2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
C.O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.01000 
0.12150 
0.0 
0.0 
0.0 
0.0 
0.0 
0.07538 
0.05473 
0.0 
0.0 
0.0 
0.0 
0.00848 
0.0 
C.O 
0.0 
D..O 
0.0 
0.0 
0.00178 
0.0 
C.O 
0.0 
0.0 
0.0 
0.0 
0.0 
0.00841 
0.00299 
0.10924 
0.26377 
0.19017 
C.44069 
0.42587 

Cl Z2 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.04377 
0.19515 
0.0 
0.0 
0.0 
0.0 
0.0 
0.14666 
0.12108 
0.0 
0.0 
0.0 
0.0 
0.03964 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.01557 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.03944 
0.021:<5 
0.18314 
0.3104E 
0.25525 
0.42220 
0.41364 

SF Z2 
0.0 
0.06000 
0.07000 
0.07000 
0.07000 
o.onoo 
0.07000 
0.07000 
0.13000 
0.16000 
0.17000 
C.19000 
0.20000 
0.20000 
0.20000 
0.20000 
0.21500 
0.23000 
0.23000 
0.23000 
0.23000 
0.2600C 
0.26000 
0.26000 
0.26000 
0.26000 
0.26000 
C.26000 
0.29743 
0.39549 
0.64907 
0.65450 
0.65450 
0.65450 
0.76647 
0.78894 
0.85240 
1.03060 
1.03605 
1.03640 
1.06756 
1.08914 
1. 18844 
1.18865 
1.18865 
1.18865 
1.22865 
1.26665 
1.30428 
1.43800 
1.46817 
1.58839 
1.70381 
1.88632 
2.00272 
2.09348 
2.17030 
2.26025 
2.42381 
2.47822 
2.61061 
2.65353 
2.69685 

CO Z3 
0.0 
O.C 
O.C 
0.0 
O.C 
O.C 
0.0 
O.C 
O.C 
O.C 
O.C 
O.C 
0.0 
0.0 
0.0 
O.C 
0.0 
0.0 
O.C 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
O.C 
0.0 
0.0 
0.01659 
0.19297 
0.0 
0.0 
0.0 
0.0 
0.00242 
0.22337 
0.30391 
0.27188 
0.39012 
0.48497 
0.43582 
0.65895 
0.55219 
0.55780 
0.52517 
C.52902 
0.22148 
0.24827 
0.48177 
0.64636 
0.7854 C 
1.00090 
1.13145 
1.53808 
1.79353 
2.16929 
2.62912 
2.55121 
3.42297 
4.31333 
4.50608 
5.47881 
5.57275 

rl Z3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.04505 
0.19575 
0.0 
0.0 
0.0 
0.0 
0.01421 
0.21367 
0.25693 
0.24035 
0.29837 
0.33990 
0.31883 
0.42305 
0.36737 
0.36960 
0.35650 
0.35806 
0.21258 
0.22763 
0.33855 
0.4D.369 
0.45365 
0.52454 
0.56450 
0.67843 
0.74382 
0.83355 
0.93525 
0.91855 
1.09533 
1. 25797 
1.29134 
1.45168 
1.46653 

SF 2:3 
0.OCG18 
0.06020 
0.07C21 
0.07022 
0.07C23 
0.07027 
0.07(32 
0.07033 
0.13C34 
0.16035 
0.17C3E 
0.19037 
0.20038 
0.20039 
0.20040 
0.20041 
0.21542 
0.23044 
0.23C45 
0.23046 
C.23C49 
0.26050 
0.26050 
0.26052 
0.26055 
0.26061 
0.26C71 
0.26072 
0.29687 
0.39241 
0.65160 
0.71900 
0.77168 
0.81899 
0.92796 
0.95028 
1.01315 
1.19388 
1.25E~9 
1.29799 
1.47953 
1.49385 
1.62781 
1.67799 
1. 82597 
1.82917 
2.06164 
2.20760 
2.22466 
2.34360 
2.40578 
2.54700 
2.61086 
2.74354 
2.82112 
2.87225 
2.91566 
2.96602 
3.05E76 
3.06673 
3.15900 
3.17955 
3.19598 

1 Definitions of headings: 

TIME ______________Increment of time. 
RAINT ______~______ Rainfall intensity, in/h. 
QO Z _______________ Overland flow, in/h, from each zone. 

Dl _________________ Depth of overland flow. 

SF _________________Volume of infiltration from each zone. 
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The daily vol urnes of moisture movements in table 19 are for possible use in computations 
and the midnight status of soil moisture given of chemical transports printed on file IPOL. 

TABLE 19.-Sample prog1'a')n p1'intout ot outp'ul daily s1tmmaries tm· input to pollution sub
'I'oll-tines f'rom USDAHL-71,. '1nodel tO'l' use in studies of moisture movement or chemical 
tra11,Sports 1 

DAUT SUMMARIES FOR INPUT TO FOLlUT:ON 
HoAY 'IElSP ET EV OL eN GR oQO SM 

Ll L2 Ll L2 Ll L2 L3 L4 Ll L2 L3 LU 11 12 13 14 
57163 76.1 ZI 0.128 0.031 0.000 0.0 0.354 0.0 0.000 0.000 O.U32 0.0 C.OOC 0.000 1.149 O.C 0.792 •• 106 ~.306 0.000 0.044 
57163 76.7 Z2 0.216 0.031 C.OOC 0.0 1.028 0.0 0.000 0.000 0.432 0.0 C.OCO 0.000 1.099 v.651 1. 1E3 1.536 3.223 0.000 0.002 
51163 16.7 Z3 G.12a 0.033 0.0 0.0 1.2930.083 C.OOO 0.009 1.321 0.007 0.000 0.01512.8231 •• 561 6.535 U.U1. 6.362 O. 007 3.502 

5116. 16.7 ZI 0.154 0.012 0.000 0.0 0.146 0.0 0.000 0.000 0.32E O.C O.OOC 0.000 0.002 0.0 0.039 t.791 5.62t O.OCQ C.044 
57164 76.7 Z2 0.294 0.006 0.000 0.0 0.031 0.0 0.000 0.000 0.045 0.0 C.OCO 0.000 0.002 0.001 0.040 1.483 3.262 0.000 0.002 
57164 76.7 Z3 0.097 0.077 0.C14 0.0 0.6C3 1.489 0.0 0.0 2.041 0.077 0.OC4 O.OIS 0.OC3 1.348 O.OfC 3.476 6.759 O. 080 3.491 

57165 76.1 ZI 0.169 0.001 C.OOO 0.0 0.006 0.0 0.000 0.000 0.003 0.0 O.ooc 0.000 0.0 0.0 0.0 1.652 5.624 0.000 0.043 
5716576.7 Z2 0.269 0.016 0.0 0.0 0.0 0.0 O.OOC 0.000 C.O 0.0 C.OCO 0.000 0.0 0.0 0.0 1.254 3.246 O.COO 0.002 
57165 76.7 Z3 0.157 O.COI 0.002 0.005 0.IE4 1.137 0.0 0.0 0.119 0.046 0.008 0.015 O.C 0.056 0.0 3. lOS 5.686 0.11B 3.483 

57156 76.7 Zl 0.144 0.022 O.C 0.0 0.0 0.0 0.000 0.000 0.0 0.0 0.000 0.000 0.0 0.0 0.0 1.508 5.602 0.000 0.043 
57166 76.7 Z2 0.195 0.045 0.0 0.0 0.0 0.0 0.000 0.000 C.O 0.0 C.OOO 0.000 0.0 0.0 0.0 1.059 3.201 0.000 O. 002 
57166 76.7 Z3 0.153 0.009 0.0 0.000 0.0 0.220 0.003 0.0 0.0 0.009 0.OC8 0.015 0.0 O.aOl 0.0 2.961 5.451 C.115 3.476 

57167 76.7 ZI 0.125 0.038 0.0 0.0 0.0 0.0 0.000 0.000 0.0 0.0 O.OCO 0.000 0.0 0.0 0.0 1.403 5.564 0.000 
57167 76.7 Z2 0.1500.062 O.C 0.0 0.0 0.0 0.000 0.000 0.0 0.0 ".000 0.000 0.0 0.0 0.0 0.929 3.139 0.000 
57167 76.7 Z3 0.139 0.019 0.0 0.000 0.0 0.019 0.014 0.003 0.0 0.001 0.OC7 0.015 0.0 0.001 0.0 2.843 5.412 0.095 

5716876.7 ZI 0.109 0.052 0.0 0.0 0.0 0.0 0.000 0.000 0.0 0.0 0.000 0.000 0.0 0.0 0.0 1.294 5.512 O.OCO 0.042 
57168 76.7 Z2 0.117 0.073 0.0 0.0 0.0 0.0 0.000 0.000 0.0 0.0 0.000 O.COO o.~ 0.0 0.0 C.812 3.065 0.000 0.002 
5716876.7 Z3 0.128 0.030 0.0 0.0 0.0 0.0 0.013 0.007 C.O 0.0 0.006 0.015 0.0 0.001 0.0 2.716 5.382 0.075 3.450 

57169 72.2 ~1 0.130 0.C83 0.0 0.0 0.0 0.0 0.000 0.000 0.0 0.0 C.OCO 0.000 0.0 0.0 0.0 1.164 5.429 0.000 0.041 
5716972.2 Il 0.115 0.C95 0.0 0.0 a.a 0.0 0.000 0.000 0.0 0.0 o.oco 0.000 0.0 0.0 0.0 C.697 2.970 0.000 0.002 
57169 72.2 Z3 0.146 0.046 0.0 0.0 0.0 0.0 0.011 o.ooe 0.0 0.0 0.oe5 0.015 0.0 0.001 0.0 2.571 5.336 0.059 3.431 

57170 72.2 ZI 0.108 0.099 0.0 0.0 0.0 0.0 0.000 0.000 0.0 O.C 0.000 0.000 0.0 0.0 0.0 1.076 5.330 o.oeo G.041 
57170 72.212 0.089 0.100 0.0 0.0 0.0 0.0 0.000 0.000 0.0 0.0 c.ooo O.COO 0.0 0.0 0.0 0.628 2.870 0.000 0.002 
5717072.2 Z3 0.132 0.059 0.0 0.0 0.0 0.0 0.008 0.009 0.0 0.0 0.OC4 0.015 0.0 0.001 0.0 2.460 5.277 0.047 3.410 

57171 12.211 0.092 0.109 O.() 0.0 0.0 0.0 0.000 0.000 0.0 0.0 0.000 0.000 0.0 C.C 0.0 C.984 5.<21 0.000 0.040 
57171 72.2 12 0.071 0.101 0.0 0.0 0.0 0.0 O.OCO 0.000 0.0 0.0 0.000 0.000 0.0 O.C 0.0 0.556 2.769 0.000 0.002 
57171 72.2 13 0.121 0.069 o.r 0.0 0.0 0.0 0.007 0.Cl0 0.0 O.C 0.OC3 0.015 0.0 O. 001 0.0 2.340 5.208 0.037 3.388 

57172 72.2 31 0.080 0.116 r.o 0.0 0.0 0.0 0.000 0.000 0.0 0.0 0.000 0.000 0.0 0.0 0.0 0.904 5.105 0.000 0.040 
5717272.2 Z2 0.060 0.101 J.O 0.0 0.0 0.0 0.000 0.000 0.0 0.0 0.000 0.000 0.0 0.0 0.0 0.497 2.668 0.000 0.002 
5717272.2 I) 0.113 0.076 0.0 0.0 0.0 0.0 0.005 0.011 O.C 0.0 0.OC2 0.015 0.0 0.001 0.0 2.229 5.132 0.030 3.365 

57173 72.2 Zl 0.069 0.121 0.0 0.0 0.0 0.0 0.000 0.000 0.0 0.0 C.OCO 0.000 0.0 0.0 0.0 0.834 4.S84 0.000 0.039 
57173 72.2 Z2 0.049 0.C99 0.0 0.0 0.0 0.0 0.000 0.000 0.0 0.0 0.000 0.000 0.0 0.0 0.0 C.4"8 2.568 0.000 0,002 
57173 72.2 Z) 0.103 0.083 0.0 0.0 0.0 0.0 0.004 0.011 0.0 0.0 O.OO~ 0.015 O. a 0.001 0.0 :1.127 5.049 C,Q23 ~.3"1 j 

5717" 72.211 0.0700.116 0.0 0.0 0.0 0.0 0.000 0.000 C.O O.C C.OCO 0.000 0.0 0.0 0.0 0.865 4 ••65 O.COO 0.039 
57174 7~.2 Z2 0.054 0.092 0.0 c.O 0.0 0.0 0.000 0.000 0.0 0.0 0.000 0.000 0.0 0.0 0.0 C.4S4 2.477 0.000 0.002 
57174 72.2 13 0.100 C.084 0.0 0.0 0.0 0.0 0.003 0.012 e.o 0.0 C.OCI 0.015 0.0 0.001 0.0 <.128 4.965 0.C19 1.31E 

5717572.2 11 ~.1~7 0.052 C.OOO 0.0 0.592 C.O 0.000 0.000 0.418 0.0 0.000 0.000 0.015 O.C 0.055 1.900 ~.235 0.000 0.038 
57175 72.2 Z2 0.268 0.029 O.OCO 0.0 a.SEl 0.0 0.000 0.000 0.362 0.0 C.OOG O.OOC 0.OC4 o.cce 0.02S 1.522 2.EOS 0.000 C.002 
51175 72.2 Z3 0.108 0.090 0.002 0.0 3.355 0.204 0.001 0.004 •• 293 O.e17 O.OCI 0.015 1.465 6.884 0.511 3.949 6.907 0.034 3.299 

1 Definitions of headinge: 

YRDAY ____________ Year and Julian day. 
TEMP ______________ Average weekly temperature. 
ET _________________ Evapotranspiration from layers Ll and L2, in inches. 
EV _________________ Evaporation from layers L1 and L2, in inches. 
QL _________________ Lateral outflow from layers L1, L2, La, and L4, in inches. 
CN _________________ Flow downward out of layers Ll, L2, La, and L4, in inches. 
GR _________________ Ground-water recharge, i.e., CN fro)U last layer. 
DQO ________________ Overland flow from zone, in inches. 
RUNON ____ ~_______ Overland flow cascading from other zones, in inches. 
QOPK ______________ Peak rate of overland flow, in/h. 
8M _________________ Soil moisture in layers L1, L2, La, and L4, in inches. 
L __________________Flow regime. 
Z __________________ Zones Zl, Z2, and ZS. 
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If output of one or more files is not wanted, 
the individual files can be deleted by not re
questing that file through the JOB CONTROL 
LANGUAGE. 

Flow Charts and Printouts for 

Routines of Model 


Flow charts (figs. 18-29) are included for 
all the routines except INIT, DAYS, and POL
LUT. INIT is the initialization subroutine, and 
it is called from MAIN right after subroutine 
PARAMS. Subroutine DAYS calculates the 
number of days between two dates in the 20th 
century, and it checks for errors in dates. 
DAYS is called from subroutine DATA. Sub
routine POLLUT (12) is added to the model 
to get ddailed daily printout (table 19) for 
use in predicting chemical transports. 

If overlaying is necessary, a few suggestions 
may be helpful. 

(1) INIT and P ARAMS are called only 
once. 

(2) ETCALC, EVAP, SUB SUR, INFIL, 
and PEROUT are called for every increment 
of time for every zone and should be kept to
gether. 

(3) ROUTE is called every routing delta 
time. 

" 

(4) OUTPUT and POLLUT are called once 
a day. 

(5) SUMRY and LANUSE are called once 
a year. 

(6) DATA and DAYS are not called on a 
predictable basis since these subroutines are 
called as a function of input precipitation. 

.. 
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MAINLINE 

YES 

SET ET a 
EVAP FOR 
TIME IN
CREMENT 

• ZERO 

( 

FIGURE lS.-Flow chart of USDAHL-74 mainline. 
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DATA 

NO ---------------
"r 

,~ ~-~-- rn----- ..." 
SET UP DELTA I j DETERMINE \ 

TIME AND ['\ ~~~~~l~~o 
PRECIP '\END OF YEARL. ,.,. __~ 

" A 

I 

1 

I 
 L. 


I IS 
NO DO LOOPL SATISFIED 

FIGURE 19.-Flow chart of USDAHL-74 data. 
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ETCALC 

CALCULATE AN 

ET LIMIT FOR 

EACH CROP AND 

FOR THE ZONE 


FIND FIRST 

HORIZON WITH 

WATER FOR ET 


NO 

CALCULATE 

POTENTIAL 

ET FOR ZONE 


NO 

CA.LCULATE AC
TUAL ET LAYER 
IAN02-F(ET 
POTENTlAL.iSOIL 
TEXT. AN o MOIS
TURE 

FIGURE 20.--,Flow chart of USDAHL-74 evapotranspiration. 
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EVAP 


INITIALIZE 
LAYER AN§) 

ZONE EVAP 

FOR TIME 


CALCULATE 
POTENTIAL EVAP 
FROM SURFACE 
DEPRESSION 
STORAGE 

SET SURF. DEPR. 

STORAGE TO ZERO 

AND EVAP TO AMT. 
OF SURF. DEPR. 
STORAGE 

CALCULATE 
FREE 	WAT.ER 
AND TOTAL G 
VALUE FOR ZONE 

CA.LCULATE EVA' 
AS A FUNCYION 

SUBTRACT 
YES 	 POTEN. EVAP 

FROM DEPR. 
STORAGE 

RETURN 

ADD THE 
INCREMENT 

OF PAN EVA' r--........ OF EVAP TO 
AND FREE WATER THE STORAGE 
STATUS AVAI.LABLE 

.FIGURE 21.-Flow chart of USDA.HL-74 evaporation. 
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INFIL 


SET MAXIMUM POTEN
TIAL INFIL. TRATION 
VOLUME EQUAL TO 
SUM OF DETENTION 
STORAGE,RUNON 
OVERLAND FLOW STOR
AGE AND RAINFALL 

CALCULATE A 
WEIGHTED GI FOR 
CROPS ON ZONE 

CALCULATE POROSITY 
AT END OF TIME PE
RIOD ASSOCIATED WITH 
ESTIMATED INFIL TRA
TlON AND RATE OF IN
FILTRATION ASSOCI
ATED WITH THE PORO
SITY 

REDUCE ESTIMATE OF ~:..:::-< 
INFilTRATION BY.005 

APPORTION PRECIPITATION 
EXCESS TO SURFACE 
DETENTION (ADJUST BY 
VOlUME OF CRACKING IF 
NECESSARY) AND WHEN 
THAT IS FillED, TO OVER 
lAND FLOW 

FIGU&E 22.-Flow chart of USDAHL-74 infiltration. 
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LANUSE 

REINITIALIZE 
TILLAeE DATA 
USING FIRST 
YEAR'S INPUT 

SEARCH FOR 
THE CROP 
NAME'S SUB
SCRIPT 

CO;;;VERT 

DArES TO 

WEEkS OF 

THE YEAR 


INITIALIZE VEGE
TATION DENSITY 
AND VOLUME OF 
DEPRESSIONS 
FOR EACH ZONE 

SAVE VALUES 

FOR FUTURE 

USE 

NO 

FIGURE 23.-Flow chart of USDAHL-74 land use. 
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OUTPUT 

CALCULATE 
DAILY TOTALS 
AND CURRENT 
SOIL MOISTURE 

PRINT DAILY 
OUTPUT 

REINITIALIZE. 
INCREMENT 
JULIAN DAY 

SET 
INDICATORS 

PRINT 
HEADERS~_ 

SUM YEARLY 

W/S TOTALS i't--------' 


RETURN 

FIGURE 24.-Flow chart of USDAHL-74 output. 
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PEROUT 


SET UP A FUNCTION 
TO CALCULATE RIGHT
HAND SI DE OF ITERA
TION EQUATION 

CALCULATE LEFT 
HAND SIDE OF EQ., 

WHICH REMAINS CONSTANT 

CALCULATE FIRST 
ESTIMATE OF DEPTH 
OF WATER AT END 
OF DELTA TiME 

READ AND WRITE 
THE BREAKPOINT q's 
a ROUTING COEFFI
CIENTS 

Y 

CALCULATE RIGHT 
HAND SIDE OF 
EQUATION 

REDUCE 
>-~N..;:;,.0-7ol EST IMATE 

DEPTH 

SET UP TOTAL STOR
AGE, INITIAL STORAGE 
a INITIAL FLOW FOR 
EACH REGIME 

CALCULATE RA.TE OF 
OVERLAND FLOW AT 
END OF TIME PERIOD 
AND VOLUME OF FLOW 
FOR DELTA TIME 

RETURN 

FIGURE 26.-Flow chart of USDAHL-74 overland flow. 

FIGURE 25.-Flow chart of USDAHL-74 parameters. 
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ROUTE 


CALCULATE RATE OF 
FLOW IN CHANNEL AT 
END OF DELTA TIME 

SAVE IT AND 
YES CALCULATE THE 

ASSOCIATED TIME 

CALCULATE VOLUME 

OF OUTFLOW AND 

ADD IT TO THE 

DAILY SUM 


>-_Y_E_S_~ SET IT TO 0.0 

FIGURE 27.-Flow chart of USDAHL-74 channel flow. 
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SUBSUR 

YES USED TO REDUCE 
;>-'-='--;>t LATERAL FLOW 

IN LAYER I 

COMPUTE VALUE-] 

.IF------=r-- .... 

YES INCREMENT ZONEl 
>---'-"=-~ DEEP GROUND ~E.J",," '-T"" 

ZERO VALUES AND 
INCREMENT DO LOOP 

NO ! 
I 
r 

Inflow-Outflow = change in storage 

and S = mq 

FIGURE 28.-Flow chart of aSDAHL-74 subsurface flow. 
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SUMRY 


CALCULATE MONTHLY 
INCHES OF WATERSHED 
RUNOFF. EVAPORATION. 
RAIN. EVAPOTRANSPIR
ATION. DEEP GROUND
WATER RECHARGE, 
AND SUBSURFACE 
RUNOFF. 

PRINT MONTHLY 
SUMMARY AND 
ANNUAL TOTALS 
FOR WATERSHED 

-

CALCULATE MONTHLY 
INCHES OF ZONE DEEP 
GROUNDWATER RE
CHARGE.OVERLAND 
FLOW. AND SUBSUR
FACE FLOW. 

PRINT MONTHLY 
SUMMARY AND 
ANNUAL TOTALS 
FOR ZONE 

- 1 
PRINT INCHES OF 
STORAGE AVAIL
ABLE FOR EACH 
ZONE AND LAYER 

- ! 
CALCULATE AND 
WRITE THE IN/HR 
OF RUNOFF FOR 
WATERSHED 

CALCULATE AND 
PRINT THE % 
ANTECEDENT SOIL 
MOISTURE FOR 
LAYERS I AND 2 
FOR EACH ZONE 

CALCULATE AND 
PRINT THE TOTAL 
RAIN MINUS CHANGE 
IN STORED WATER 
MINUS TOTAL OUT
GOING WATER. 

-! 
(RETURN 


FIGURE 29.-Flow chart of USDAHL-74 annual summaries. 
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11.5. DEPART~ENT OF AGRICULTURE HYDROBRAPH LABORATORY 
IISDAHL-14 MODEL OF WATERSHED HYDROLOGY 

VARIARLFS I~ COMMON 

VARIABLF 
A 

ACRES 
AWC 
ROL 

AVO 

C 
CASC 

COPT 
CHIN 

CM 

CONI AND CON? 


CROPS 

,RPVD 

CVOL 

01 

DAILY 

DAMO 

DELE 


DELET 


DELF 


DELP 

DELQ 


DELQ? 

OELl 

DE!.TF 


DET 

OPE 

Dao 
F 
FL 

EP 
ElEP 
FTL 

FC 

FIL 

GAl 
(H 
IBEG 
IDALY 
IHYD 

rOVER 

IPRIN 
IREAD 

IROTA 

DEFINITION 

AASAL AREA OF VEGETATION IISED AS AN INDEX OF 

SURFACF CONNECTED POROSITY. 

NUMRER OF ACRES IN THE WATERSHED. 

STORAGE DRAINED AY EV~POTRANSPIRATrON. 


WATER STOREO TN OVERLAND FLOW AT ~EGINNING OF 

YEAR OP RUN. 

WATER STORED IN VOLUME OF DEPRESSTONS AT 

AFGINNTNG OF YEAR OR RUN. 

DOWNWARD SEEPAGE FROM A LAYER. 

INDICATES WHETHER THE PERCENT OF OVERLAND FLOW 

WHICH OOES NOT CASCADE THE SUCCEEDING ZONE 

(I.E. I-PCAS) GOES TO CHANNEL OR THE ALLUVIUM. 
SOIL LAYERS IN ZONE IN WHICH CPACKING OCCURS. 
INCHES OF INFLOW TO THE CHANNFL FOR ONE ROUTING 
INTFRVAL. 
CHANN~~ ROUTI~G COEFFICIENT. 
CHANNEL ROUTTNG CONSTANTS WHICH ARE FlI~jCTIONS 

OF CM AND RDELT. 
LITERAL ARRAY OF CROP NAMES. 
VOLUME OF DEPRESS TONS ASSOCIATFD WITH A CROP. 
M,XIMUM VOLUMF OF CRACKING FOR A ZONE LAYFR. 
AVERAGE OEPT~ OF OVERLAND FLOW ON ZONE. 
W.aTER<;HED INCHES OF CHANNEL OI/TFLoW. 
ACCUMULATION OF OArS IN A YEAR AT END OF MONTHS. 
INCREMENT OF SOIL EVAPORATTON FOR THE DELTA 
TIME. 
INCREMENT OF FVAPOTRANSPIRATION FROM THE 
WATERSHED FOR DELTA TIME. 
VOLUME OF INFILTRATION INTO A ZONE DURING 
~ELTA TIMF. 
INCREMENT OF RAINFALL FOR THE DELTA TIME. 
VOLUME OF LATERAL FLOW FROM A ZONF FLOW REGIME 
FOR A DELTA TIME. (INCHES) 
INCREMFNT OF LATERAL FLOW FROM lONE. 
DELTA TIME ARPAY ~ET UP IN DATA. 
MAXIMUM DfLTA TIMF FOR CALCULATIONS 
DURING STORMS. 
VOLUME OF EVAPOTRANSPIRATION CALCIILATFD DURING 
THE DELTA TIME FOR THE 70NF. (INCHES) 
INCREMENT OF PRECTPITATION EXCESS. INPUT TO 
OVERLAND FLOW. 
lONE INCHES OF OVFRLANO FLOW FOR THE OfLTA TIME. 
EVAPORATION FROM THE SOIL FREE WATER. 
EVAPORATION FROM SOIL FREE WATFR FROM A ZONF 

LAYER FOR DELTA TTME. 

PAN EVAPORATTON FOR CURRENT WEE~. 


PATIO of M~XIMUM FT TO MAXIMUM EP FOR A CROP. 

EVAPOTRANSPIPATION FROM A ZONE LAVER 

FOR on TAT PIE. 

FINAL RATF OF INFTI.TRATION AFT~R 


PROLONGED WETTING. 

RATE OF INFILTRATTON AT THE END OF DELTA TIME. 

STORAAE ORA INfO RY GRAVITY. 

PERCENT REDUCTION OF GI FOR GRAZING EFFECTS. 

GROWTH INDEX ,URVE FOR A GIVEN CROP. 

INDICATEs THE FIRST PASS THROUGH THE PROGRAM. 

DATA SET REFERENCE VARIA~LE FOR DAILY OUTPUT. 

DATA SFT REFERENCE VARIABLE FOR STORM 

HVDROr,RIIPH OIJTPUT. 

DATA SFT REFERENCF VARIABLE FOR ovERLAND FLOW 

HYDROr,RtoP~ OIJTPUT. 

DATA SET REFERENCE VARIARIE FOR OUTPUT. 

DATA SET REFERENCF VARIARLf FOR PARAMETER INPUT 

AND PAN EVAPORtoTI0N INPUT DATA. 

INDICATEs WHFTHEq LAND USE PERCFNTS CHANGF 

DURING Ti4F. RUN. 


1 10 

1 20 

I 30 

1 40 

I 50 

I (,Q 

1 10 

1 80 

I 90 

I 100 

I 11 0 

1 120 

1 130 

1 140 

1 150 

I ]60 

I 110 

1 lAO 

I 190 

1 ?OO 

1 ;>10 

I 220 

I 230 

I ;>40 

I <:'50 

1 ?foO 

1 ;>70 
1 ?80 

I 290 

I 300 

I 310 

I 320 

1 330 

1 340 

1 350 

I 360 

I 310 

1 3An 

1 390 

I 400 

1 410 

I 420 

1 430 

1 440 

1 450 

I 460 

1 410 

I 4110 

I 490 

I ,00 

I ,10 

I 520 

I 530 

I 540 

1 ,50 

1 560 

1 ,10 

1 SAO 

I <;90 

1 600 

1 fol0 

I ('20 

1 "30 

I (,40 
1 "50 

I (,60 

I "10 

I "ao 

I "90 

1 100 

I 110 

I 120 




58 TECHNICAL BULLETIN NO. 1518, U.S. DEPARTMENT OF AGRICULTURE 

C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ITAPE 
ITIL 

IYDAY 
TYR 

IYRI 
JUL 
KCUL 

KOATE 

KNO 

KONT 

'" MIST 
MDY 
MHR 
MIN 
1"0 
MSTOR 

"4YR 
MZ 
NCHFK 
~)E 

NKROP 
NST 

NUIolL 

NI)~Z 

NWEFK 
OLOGI 
OVA 
OVL 
PAGE 
PAN 

PCAS 

PCKROP 
PCZON 
PF.AK 
PRECIP 
QI 
OLl 

nOI 
nOPK 
nz 
PI 
RDELT 

ROOTD 
PUNON 

SAl 
SCN 

~OQO 

SEL 
"'ETL 
'iGI 

')GR 

DATA SFT REFERENCE VARIABLE FOR RAINFALL INPUT. 

INDICATES WHETHER TILLAGE PRACTICES WILL RF 

INPUT yEARLY OR THE FIRST YEAR ONLY. 

JULIAN OAY OF THE YEAR. 

YFAR ASSOCIATFD WITH ~ONTHLY SUMMARY OUTPUT AT 

THE ENO OF A YEAR. 

YEAR OF PREVIOUS PAINFALL OBSERVATION. 

DATES FOR WHICH DFTAILED ROUTING IS REQUESTED. 

SAVES TILLAGE PRACTICE COOES WHEN ONLY THF 

FIRST YEAR IS ENTEAEo. 

SAVFS TILLAGE DATES WHEN ONLY FIRST YFAR IS 

ENTERFn. 

SAVES THE NU~RER OF TILLAGE EVENTS WHEN ONLY 

THE FIPST YEAR IS ENTERED. 

SUMS NII~BER OF ROIITIIIJG DELTAS CALCULATED 

TO INDICATE ?4 HRS. 

FLOW REGIME ROUTING COEFFICIENT. 

FIRST ~ONTH OF RAINFALL INPUT nATA. 

OAY OF RAINFALL 0RSEAVATlnN. 

~ILITARY HOUR FOR INPUT. 

MINUTFS PAST HOUR, FOR INPUT. 

MONTH OF RAINFALL ORSERVATION. 

INDICATES WHFTHER DETAILED ROUTING VALUES ARE 

TO BE SAVED FOR THE CURRENT D~TE (IYDAY). 

YEAR ARRAY FROM RAINFALL RECORD. 
FLOW REGIME ROUTING COEFFICIENT FOR A 70NF. 
PREVIOUS WEE~ OF THE YEAR. 
TOTAL NUMBER of ELEMENTS IN DELTA TIME ARRAY 
SET UP IN SURROUTINE DATA. 
TOTAL NUMRER of CROPS IN THE WATERSHED. 
TOTAL NUMRER OF nATES REQUESTED FOR DETAILED 
ROUTING PRINT OUT. 
TOTAL NUMBER OF SUBSURFACF FLOW REGIMES 
IN WATFRSI-'ED. 
TOTAL NUMBER OF ZONES IN WATEPSHEO. 
WEEK OF THE YFAR. 
WEIGHTED 61 FOR A ZONE FOR THE PREVIOUS WEEK. 
OVERLAND FLOw FACTOR FOR A ZONF. 
LFNGTI-' OF FLOW FOP A ZONE IN FEET. 
COUNTER TO SPACE OUTPUT ON A PAGE. 
WEEKLY AVERAGES OF DAILY VOLI/MES (IF PAN 
EVAPOPATION. (INC>WS). 
PERCENT OF OVFRLAND FLOW WHICH CASCADFS 
THE SIICCEEDING ZONE. 
PERCFNT OF A CROP IN A ZONE. 
PERCENT OF T~E WATERSHEP IN A GIVEN ZONE. 
DAILY MAXIMUM RATE OF CHANNEL FLOW IN IN/HR. 
SUCCEEDING INCREMENTS IN THE OFLP ARRAY. 
RATE OF LATERAL FLOW OUT OF A <;UBSURFACE RERI:.'f.. 
RATE OF LATERAL FLOW OUT OF A REGIME AT THE 
REGINNING OF A TIME INCRE"ENT. 
MArlMUM RATE OF LATEPAL OUTFLOW FROM A 
ZONF FLOW RFGIMF. 
ZONF PATE OF OVERLANO FLOW. 
ZONE PEAK OF THE RUNOFF HYDROGRAPH FOR EACH DAY.• 
SU~ OF LATERAL FLOW RATEs FROM A ZONF. 
RATF OF FLOW IN THE CHANNFL. 
ROIITING [lEL H. TIMF. THI~ VALUE SHOULD DIVIDE 
INTO ?4 WITH NO qFHAINDER. 
OF.PT~ OF POOT~ FOQ A CROP IN INCHFS. 
WFIGHTFD INFLOW TO A lONE WHICH IS ADOED TO 

RAINFALL WHEN CALCULATING INFILTPATION. 

CURRENT STORAGE AVAILABLE IN A 70NE LAYFR. 

DAILY VOLUMES OF VFRTICAL PERCOLATION FRO~ 

A ZO~IF LAYER. (INr.HFS). 

DAIL Y VOLIJME OF OVERLAIIO FLOW FRO~ A 70NF. (IN.) 

DAILY VOLUME of EL. 

DAILY VOLUME 0F F.TL. 

wEIGHTFD SU~ OF TOP SOIL G VALUES IN THE 

WATERS"ED. 

DAILY VOLUME OF srN FROM lAST LAYfR TO 

GROUNO WATER. !INCHF'»). 


1 730 

1 740 

1 750 

1 760 

1 770 

1 780 

1 790 

1 800 

1 810 

1 820 

1 810 

1 R40 

1 850 

1 R60 

1 R70 

1 880 

1 890 

1 900 

1 910 

1 <120 

1 930 

1 940 

1 950 

1 960 

1 970 

1 980 

1 990 

1 1000 

1 1010 

1 1020 

1 1030 

1 1040 

1 1050 

1 1060 

1 1070 

1 1080 

1 1090 

1 1100 

1 II 10 

1 1120 

1 1130 


1140 

1150 

1160 

1170 

111'10 
1190 

1200 

1<'10 
1220 

1230 

1<'40 
1250 

1260 

1?70 
1<'80 
1290 

1300 

1310 

1320 

1330 

1340 


1 l:'l50 

1 l:'l60 

1 1370 

I 1180 

1 1390 

1 1400 

1 1410 

1 }420 

1 1430 

1 1440 
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C 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 

C 


.C 
C 
C 
C 
C 

C 

SL SLOPF OF ~ ZONE IN PERCfNT. 
SHAX MAXTHUM STOPAGf (G+AWC). 
SOTLD 
SQL 

DEPTH 
DAILY 

OF AERATE:D SOIL. (INCHFS). 
VOLUMf OF LATERAL FLOW FROM A ZONE LAYER. 

<;RUNON 
<;UBPUT 

DAILY 
WATfR 

<;U'" OF 
... OVING 

RUNON TO A ZONE. (INCHES). 
TNTO A LAYfR DURINr, 9ELTA TIME. 

SURPUT() IS INFILTRATION, SlJRPUT(NUIoIL+I) IS 

SUMCN 
INPUT TO SUMCN. (INCHFS). (SURPUT(U=CN(L-I». 
ACCUMUlATfD AIoIOUNT OF DEEP SEEPAGf WITHIN A 70NE 
THI~ WATER OOES NOT CONTRIBUTE TO STRFA~ FLOW. 

C;UMET ACCUMULATED INCHE<; OF EVAPOTPANSPIRATYON 
IN A 70N!';. 

TEMP WEE~LY AVERAr,ES OF MEAN DAILY AIR 
TEMPFRATURES. DEGRfES F. 

THAW 
TIM 

TEMPERATURE AT 
ARRAY OF DELTA 

WHICH 
TIMES 

~NOWMELT <;TARTS. DfGREE<; 
TO RE U<;ED WHEN OELTA 

F 

PRECIPITATION IS 7ERO. 
TIME INCRfMFNT OF TIME IN HOURS. 
TL TEMP RELOW WHICH CROP'S ET DOES NOT FUNCTION. 
TOPD 
TP 

DFPTH OF TOP <;OIl. (INCHES). 
TIME OF DAILY MAXIMUM FLOW IN MILITARY HOURS. 

TU TEMP ABOVE WHICH CROP'S fT IS IMPAIRED. 
VO 
VDMAX 

CURRf~T VOLUMF 
MAXIMUM VOLUME: 

OF 
OF 

wATFR IN DfPRfSC;ION <;TORAGE. 
OEPRESSTON STORAGE FOR A ZONE. 

VEG WEIGHTED vEGETArION FACTOR FOR INFILTRATION 
FOR A 70NF. 

VOL VOLUME OF CHANNEL RUNOFF FOR A ROUTING 
DELTA TIMF. 

WPPI ANO WPP2 WILTINr, POINT OF LAYER 1 AND LAYER 2. 
RF<;PfCTIVfLY. 

ZGI wfIGHTFD GI VALUE FOR A ZONE. 
70NE WDEX CONTROLLING ZONE UNDER CONSIDERATION. 

COMMON A(I~).ACRfS.AWC(4.4).80L.8VD.C(4.4).CASC(4).r.DPT(4) .CHIN. 
I CM. CONI, CON? r.ROPS (? I (I) • CRPVD ( I (I) • r;VOL (':'.4) • D I (4) • OA I L Y. OAMO ( I?) , 
?DELF .OfLET .OELF (4) .OfLP (300) .DFLQ (4) .I)ELQZ (4) • Ofl T (30(1) • DEL TF. OET. 
30PE(4).DQ(\(4) ,f,EL(4.2) .FP.ETEoCl(l) .ETL(4.?) .FC(4) .FIL(4) .(-;(4.4). 
4GA 7 ( 10) • G I ( 10) • GIG ( 10. <;;» , I REG. I DAL Y • I HYD. lovER. I PR I III. I REA!). I RO TA 

CO'lMON ITAPF. ITTL. IYDAY. IYR. IYRI ,JUL (<;0) .KCLJL( 10.10) ,KDATF. (10.10), 
IKNOClO) .KONT,M(4) .MDY(<;).MHR(S) .MIN(S) .MIST.MO(,,) .MSTOR ....YR(S); 
?NCHFK.NE.N~ROP.NST.NLJ'1l.NUM7.NWFfK.OLOGT(4).OVA(4).OVL(4). 
3PAGf.PAN(5;» .PCAS(4),PC~ROP(4.10),Pr.ZON(5).PEAK.PRFCIP.QI(4.4). 
4(lLl (4,4) .Ot-!AX (4,<;) .QOI (4) ,aop~ (4) .n7 (4) .RI.ROEL T,ROnTD (10) 

COMMON RlJNON (5) • <;11] (4,4) • SCN (4,4) ,snao (4) • 5FL (4.;» • SETL (4.?) ,SG I. 
ISGR(4) ,SL(4) .S~AX(4.4) .soILO(4) .SQL(4.4) .SRLJNON(4) .SUBPUT(<;), 
?SII~tF"T(4) ,SII~r:N(4) .T~"'P(<;;» • TT'" (<;) .TIME.TL(") ,TOPD(4) .TP.TU!lO), 
3VD (4) ,VDMA X (4) • VEG (4) ,VOL. ZG I (4) • ZONE. WPP I (4) • WPP2 (4) 

DIIoIFNSION ~AMO!l?) .flASE(4) .rRIII«(4) ,I')AYCN(4).DAYET(4) .EMO!l?), 
lETMO(12),M7(4.4),NUMRS(4),OFFSIT(4) .OFSTMO(12).ONSTMO(12), 
?RAIoIO(]2) ,RIJIII~lO(I?) .C;F(4) .SNO(4) .511'1f1A(4) .SlIMO(I?) ,SUMPE(4). 
3 TOTCN (4) ,TOTFT (4) • lRA'" (4.12) • ZCM (4,12) ,ZOFST (4.12) • 7PF.:M (4. J 2) 

INTEGER lONE 
qfllL M.MELK(4,4),MZ 
RHD=I.I?4. 

DATA SET REFERENCE VARIABLES REFER TO 

THE FOLLOWING FILfS: 

IDIILY= OAILY OUTPUT. 

IHYO = ~TDR'I HYOROGRAPH OUTPUT. 

TOVER= OVERLANO FLOW HYDROGRAPH. 

IPRIN= ILL OUTPUT (TNCLUDING ERROR 


MESStlGES) EXCEPT HYOROGPAPHS. 
TREAD= TNPUT PARAMETERS. LAND USE OATA. 

PAN FVAPORATTON DATA. 
ITAPf= INPUT RAINFALL DATA. 

IDAl '1'= 13 
IHY!')=IO 
IOVF"R=II 
IPRIN=f> 
IPEAD=5 
ITAPE=3 

TPOL 9=DAILY OUTPUT IN SURROUTTNE POLLUT 

I 

I 

1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 
I 
1 
I 

1450 
1460 
]47n 
1480 
1490 
1500 
1'i10 
1<;20 
1<;30 
1<;40 
1550 
1'i60 
1<;70 
l'i80 
1<;90 
1600 
1610 
1/,20 
1630 
1"':.0 
If>SG 
16(,0 
1670 
I"'AO 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
11"'0 
1770 
1780 
1790 
lROO 
lA 10 
11120 
11130 
IR40 
IIISO 
lR60 
lA70 
IAAO 
lA90 
1900 
1910 
1920 
1930 
1940 
19S0 
1960 
1970 
1980 
1990 
;>000 
2010 
2020 
2030 
;>040 
('OSO 
~060 
;>070 
?080 
2090 
?IOO 
211 0 
2120 
('130 
;>140 
('ISO 
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1 ?lflO 
1 ('170 
1 ('180 
1 ?190 

IPA!1E=10 

C 
 INITIALIZE VALUE TO INOICATF BEGINNINn. 

18£6=0 
IflE!11=0 
L=O 
LAST=O 
ST=O. 
OELTf=O.SO 

C 	 INITIALIZE VALUES OF MONTHLY ACrUMULA
C TIONS FOR DAYS OF THE YEAP. 


JUl( 1) =0 

J5=1 

MSTOR=O 

5TI"'=0. 

OAMO (11 =31. 

OAIo40(7)=S9. 

OAMO(3)=90. 

0i!MO(4)=1?O. 

OIlMO(S)=ISI. 

OAIo40(6)=181. 

OAMO (7) =2l? 

0111010(8)=24,. 

0111010(9)=273. 

OAMO (l0) ='304. 

0111010(11)=3'14. 

0IlMO(12)=3fl<;. 


C READ IN PARII~ETFRS FOR THE RUN. 

CIILL PARA",,, (~Z.NREA.PBA~.S~O.THAW) 

N)(=NRFG-1 


C INITIALIZE VALUES. 

TRI/S=O.O 

BACC=O.O 

BAYR=O.O 

RACC=O. 

TPA= O. 

IIf\A<;E=O.O 

ROLT=l./ROFLT 

CIILL JNIT (ACC.RAMO.R£GR1.B£GSA.CRAK.OIIYCN.OAYET.EIICC.EMO.ETAC. 

lET MO.ETYR.FYR,ICNT.JCOOE.LST.OFfSIT.OF5TMO.ONSTMO.RAIN.PAMO.RPl. 
?RUNMO.SF.5IJ~RA.SUMO.SUMPF.TACC.TE.TFT.TOTCN.TOTFT.TPAN.Y~ARLY. 
3ZBAM.ZCM,70FST.ZP£M.ROLT) 

C READ A PAINFALL INPUT RECORD OF fOUR 
C 08S£RVATIONS. 

100 	CALL DATA IJCOnE.JS,LAST.LST.MELK.NUMBS.SF,SNO.ST.TPA.THAI/)

",COUNT=l 

JF(JCODE-lll20.120.1l0 


110 	 L=1 

8A=0. 

CI-I=O. 

ETT=O. 

E\.'=o. 

RI=O. 

NROT= 


C 00 LOOP THAT CONTROLS THE DELTA TJMfS 
C ARPAY. THE fNTIR£ MOI5TUR£ ACCOUNTING 
C I5 CALCULAT~D FOR EACH DELTA TIME. 

120 	 DO 610 J=l.NE 

If (Lll?1 01;>1.390 


121 	 PRECIP=DfLP(J) 

T I ME=OfL T (.J) 


RTII'=I./TIMF 

ST=ST+TIMF 

OfLE=O. 

DI:LET=O. 

RA!N=RAIN+PRfCIP 

8ASfI=0.0 

DO 130 ZONF=l,NUMZ 

RUNON(ZONFI=O.O 

QZ<70NF):::0.0 


130 BASf(70NE)=o.n 
C <;UBSCRIPT 'NUMZ+l' INDICIITFS THF CHANNFL. 

RUNON(NUM7+ll=O.0 

NWEfK=IYOAY/7.+.99 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
I 
1 
I 
1 
1 
1 

2200 
2210 
2?20 
2230 
2240 
22S0 
~(,bD 

'!?70 
??80 
2290 
2,00 
2310 
2320 
2330 
2'340 
?1S0 
;>,60 
;>370 
2380 
2390 
<'400 
2410 
?4(,0 
2430 
;>440 
2450 
2460 
2470 
24RO 
24'lO 

1 2<;00 
1 2<;lO 
1 2<;20 
1 2<;30 
1 ;><;40 
1 2<;50 
1 ;><;60 
1 2<;70 
1 ;><;fI(\ 
1 2<;90 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2f>00 
2610 
2';20 
?,,30 
2';40 
?f>SO 
<'1)60 
2670 
2';60 
2,;90 
2700 
?710 
2720 
2730 

1 ?740 
1 ?750 
1 2760 
1 2770 
I 2780 
1 ?790 
1 21100 
1 ?A10 
1 ?1I20 
1 ?"30 
1 ?1\40 
1 2A50 
1 2860 
1 ;>870 
1 ;>660 

http:NWEfK=IYOAY/7.+.99
http:OELTf=O.SO


61 USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY 

IF(NWEEK-S?ll42.142.141 1 28 9 0 
141 NIoIEFK=5? 1 2900 
14? IF(NWEEK-N~HFKl163.145.143 1 2910 
143 no 144 KROP = 1.NKROP 1 2920 
144 GJ(KPOPl=GIG(KqOP.NWEEKl 1 ;:>930 

EP=PANINWFFKl 1 2940 
C 00 LOOP THAT CONTROLS THE ZONE ARRAYS. 1 ?950 
C THE ACCOUNTING IS CALCULATEO FOR EVFRY 1 ;>q60 
C 70NF AND FLOW RF.GIME FOP EACH DELTA 1 ;>q70 
C TIME. 1 29AO 

145 DO ?80 ZONF=l.NUMZ 1 ;:>990 
IFITEMPINWFFI(\-2A.l 15?152.1S7 1 1000 

152 OfT=O.O 1 3010 
ET\.(70NF.ll=f).0 1 1020 
ET(.llONE.?I=O.O 1 3030 
£=0.0 1 3040 
ELIZONF..l)=O.O 1 1050 
EL 170NE.21=0.0 1 3060 
GO TO lliO 1 1070 

C THE EVAPOTRANSPIRATION SURROUTJNF RE- 1 3080 
C COVERS AVAILABLE STORAGF IPOROSITYl BY 1 1090 
C PLANT 'ISE. 1 3100 

lS7 CALL ETCAlC 1 311 0 
DFLfT=OELET+DEToPCZONIZONE) 1 3120 

C THE EVAPORATION SURPOUTINE RECOVERS 1 3130 
C AVATLARLF. STOPAGE BY DIRECT EVAPOPATION 1 1140 
C FROM THF SOIL FREEWATER. 1 1150 

CALL EVAP leRAK.RHDl 1 3160 
OELE=DELE+FoPC70N(ZONE) 1 1170 

C THE SU~SURFACE FLOW SURROUTINE ROUTES 1 31RO 
C FREFWATER AS A STORAGE FUNCTION TO 1 3190 
C DOWNWARD PFRtOLATION OR LATFRAL OUTFLOW. 1 3?00 
C INPUT TO THF FIRST PEGI~E IA HOPI70N) 1 3?10 
C IS DELTA INFILTPATION. AND INPUT TO 1 3220 
C OTHER REGIMES IS PEPCOLATION FROM ITS 1 37.30 
C PRECEDING REGIME. 1 3240 

160 CALL SUA SUP IMZ.Vl 1 3250 
IFCNX) 211.211.170 1 1?60 

211 WflASE=O.O 1 17.70 
B/lS~=O.O 1 1280 
GO T0 IRq 1 1?90 

170 00 lAS LAYFP=I,NX 1 3300 
IFCMILAYEP)118S.18S.1AO 1 3310 

180 BASFCZONEI:RASECZONE)+DELOCLAYFp) 1 3320 
18c:; CONTINUF 1 3330 
IRq IF(NUML-NX)190.190.1A6 1 3340 
186 DO lRB LAYFR=NREr,.NIJML 1 33S0 

IF (M (LAYF.R» lA8.18A.1I\7 1 3360 
187 OFFSITC70NF I=OFFSITI70NEI+DELQ(LlYERl 1 3370 
188 CONTI NUF 1 1380 
190 IF(70NE-NU"ll2l0.200.200 1 3390 
200 WBASE=AASECNUM7l 0 PC70N[NUMZ)+AASBOPAAS 1 3400 

RI/NON CNU~17l =RUNON [NUMZ) +RASA" 11 • -P~/I S) IPC70N CNUM7) 1 1410 
GO T(1 ?20 1 3420 

210 8ASfl=aASA+RASEtlONE)"PClON(ZONF) 1 3'.30 
C THE INFILTRATION SURROUTINE DECREASFS 1 3440 
C AVAII_AqLE STORAGE ~URING PEPIOOS OF 1 3450 
C PAINFALL ANn ALSO WHEN THERE IS WATER 1 3460 
C TN SURFACE DETENTION OR OVERLANn FLOW 1470 
C STOPAGF. 1 1480 

220 IF (NUMRS (Mr.OI/NTl .NE •• J) GO TO 27') 1 14<)0 
MC:OONT=MCOIINT+l 1 1<;00 

C TPRECP 15 TOTAL PRECIP [RAIN PLUS 1 ]<;10 
C SNOWMELT wFIGHTED FOP A lONE.) 1 3<;20 

225 TPRFCP=PRFr.IP"MELK(70NE.MCOUNTl 1 1530 
CALL INFIL (CRAK.M7.TPPFCPl 1 1540 

C THf OVERLAND FLOW SUAROUTINF ROUTES 1 3<;50 
C WATFR iN ExrE5S Of INFILTRATION TO 1 1560 
C SURFAC~ DFTFNTION OR OVFRLANO FLOW. 1 3<;70 

CALL PEROUT (RTIMl 1 1<;80 
QlINON[ZONE+l'=RUNON(70NF+l)+oan(ZONFlOPCAS(lONF.)oPC70N(70NFll 1 1c:;<)0 

IPC70N(70NF+ll 1 1600 
IF(CASC(ZONFl)?40.23L.240 1 1(,10 
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?30 RUNON(NUM7+!)=RUNON(NUMZ.!)+(!.-PCAS(ZONE)ODQO(70Nf)OP,ZONIZONF) I V·20 
GO TO 250 1 1f>30 

240 ~IINON(NUMZ)=RUNON(NUMZI.(l.-PCAS(ZONE)loDQO(ZONFIOprZON(ZONFII 1 1640 
lPCZON(NUMZl 1 ,f-50 

250 SUM8A(ZONFI=SUMBAIZoNE).pASF(ZONEI 1 1660 
SUMPE(70NFI=SUMPf(ZONfl+nQO(ZON~1 I 1£,70 

C SUM VALUES FOR DAILY PRINTOUT OF POLLUTION 1 3f>80 
C VALUES. 1 1£,90 
C nOPK PEAK OF THE RUNOFF HYDROGPAPH 1 ,700 
C FOR EACH DAY. 1 ,710 
C SCN DAILY SUM OF DOWNWAPD PFRCOLATTON I 1720 
C OUT OF LA YFR5 1. NW4L. 1 1730 
C soon DAIlY SUM OF OV~~LAND FLOW FOR 1 1740 
C A 70NE. 1 3750 
C SEL DAILY SUM OF EV FOR EACH ZONE AND 1 1760 
C LA YFRS 1 ANO 2. 1 1770 
C SETL DA I L Y SIJM OF ET F(1R EACH ZONE AND 1 3780 
C LAYFR5 1 AND 2. 1 1790 
C 'SGR SCN (NUML I • 1 3~OO 
C SAL DAILv SUM OF SUBSURFACf FLOW FOR 1 11110 
C EAC" 70NE ANI) EACH lAYER. I 11120 
C SRUNON= DAII Y SUM OF RUNQN. 1 3A30 

0(1 ?60 LAYFR:!.? 1 1A40 
SfTL(ZONE.LhYER)=ETLIZONF..LAYER)+SETLIZONE.LAYfR) 1 ,1\">0 

260 SFLIZONF.l.AYFRI=SELIZONE.LAYERI+F.LIZONE.LAYEPI j 1A60 
DO ?10 LAYFR=l.NUML 1 1870 
SQLIZONF..LAYFRI=SQLIZONF.LAVER)~OfLOILAYERI 1 ,SAO 

270 SCNI70NE.LIVFRI=SCNIZONF.LAYERI.SUBPUTfLAYFR+II 1 ,A90 
SGRt70NEI=srNIZONE.NUMll 1 1900 
IFIQOl(70NFI-OOPKI70NEI)?7I.27I.272 1 3910 

272 QOP~(70NF.I=OOlI70NEI 1 1920 
271 50QOI~ONE)=SI)QnIZONFI.DoOIZONEI 1 ,930 

sRUNnN I ZONF) =SRIJNON I ZONF I .RlJNON I ZONF 1 1 1940 
SFI70NEI=SFt70NE)+OELF(70NE) 1 1950 

280 CONTINUF 1 )960 
C PRINT OVERLAND FLOW HYDROGRAPH IF 1 3Q70 
C R€'OIJESTFD. 1 ,9ao 

IFIMsTORI3nO.3IO.300 1 ,990 
300 RAINT=PRFCIPoPTl~ 1 4000 

WRTTF.IIOVFR.I)ST.PAINT.IOOl 170~jfl .nl (70NE1.SFIlONf) .70NF=l,NUM71 1 4010 
1 FOQ"4b.T(' '.F6.1.F10,4,4 (IX. 3F9,<;1 I 1 4020 

310 IAfr,=) 1 4030 
C TOTAL VOLUMF OF FLOw INTO THE CHANNFL IS 1 4040 
C THE ~UM OF OVERLAN~ FLOW FROM THE ALLUVI- I 4050 
C UM AND FLOW SENT OIRF.CTLY TO THf CHANNFL 1 4060 
C CATHER THAN CASCAOEo SFQUENTIALLY. 1 4070 

fL O?= RIINON (NUM? +1 ) I 4080 
IF(FLO?-0.00ijOOOlI3?0.3('0.330 1 4090 

320 FLO?=P.O 1 4100 
C TNTFPPOlATION TO STANDARD OELTA TIMF 1 4110 
C FOR ROUT INA. DEFINITION OF VARIARlFS: 1 41<'0 
C ACC = ACCU"lIiLATFD RUNOfF. 1 4130 
C FlACC= ACCU"lllL~TFD AA<;E FLOW. 1 4140 
C FACC= ACCUMULATFD EVAPORATION. 1 4150 
C FTAr.= ACCUMULATED FVAPOTRANSPIRATIMI. 1 4160 
C PAE = TNCPE~FNT OF ~. 1 4170 
C OAfT= INCREMfNT OF FT. 1 4180 
C PARA: INCREMENT OF PAIN. 1 4190 
C PAPO= T~CRE~ENT OF PUNOFF. I 4200 
C CACC= ftCCU~ULATFD PAIN. 1 4('10 
C TACO~ ACCUMIILATfO TIt.lE FROM LAST 1 4221l 
C RPFAKPOINT. 1 4?30 

330 TfST=ITACC+TIMfl o RDLT-O.999 1 4?40 
IfCTf5T)340.350.350 1 4?50 

340 TACC=TACC.TTME 1 4?60 
B~C(>=BACC~'oIE\ftSF 1 4;;>70 
RACC=PACC+cPFCIP 1 4?80 
ACC= ACC+FLO? 1 4290 
EUC=ETAc.nn ET 1 4300 
EACC=EACC+OECE 1 4,JO 
NPOT=!) 1 4320 

http:EUC=ETAc.nn
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C 
C 
C 
C 
C 
C 
C 
C 

GO TO 380 
 1 4330
350 PART=RDfLT-TACC 1 4340

PARO=FL02°PARToPTIM I 4350

PABA=WaAS~oPARToRTIM I 4360

PA~T=DElEToPARToPTIM 1 4370
PAE=DELEoPAPToRTIM I 4380
PARA=PRECIpoPARToRTIM 1 4390
TTME= TIME-PART 1 4400 

WBASE=WBAS~-PARA I 4410
DELET=DELET-PAET 1 4420
DELE=DELE-PAE I 4430
PRECIP=PRfCIP-PAPA 1 4440
FL02=FLO?-PARO 1 44<;0CH=ACC+PAPn I 4460
ETT=ETAC+PAFT 1 4470
BA=RACC+PARA 1 4480
PI=PACC.PAQA I 4490
EV=FACC+PAF 1 4<;00NROT=1 I 4<;10
TfST=TIMEoPDLT-O.999 I 4<;20IFCTESTI360.370.370 1 4<;30360 TACC=TIME 1 4540
RACC=PPECIP 1 4550
ACC= FLn2 1 4<;60ETAC= DELE! I 4<;70EACC=DELE I 4580
BACC=WBASE I 4590
GO TO 360 
 1 4600
370 NPQT=TIMfoonLT.O.OOl 1 4610
ROT=NROTopnFLToPTIM 1 4620
PARA=WI3ASr;oPOT 1 4630
PARD=FLO""oQT I 4640

PAET=DELEToROT 1 4650
PAE=DELEoROT 1 4660
PARA=PRECIpoPOT 1 4670
ACC=FL02-PAPO I 4680
BACC=WBASF-PARA I 4690
ETAC=DELET-PAET 1 4700

EACC=DELE-PAE I 4710
TACC=TIME-NROTOPDELT 1 4720
IFCTACC)371.172.372 1 4730
371 TACC=O.O I 4740
372 RACC=PRFCIP-PAPA 1 4750
RNPOT=I./FLOATCNROT) 1 4760
BIN=PABA*PI\JPOT 1 4770
PIN=PARAoPNPOT I 47BOCHI=PARooPNCOT 1 4790

ETIH=PAET"PNROT 1 41100

ETN=PAEoRNROT 1 4FlI0NPOT=tlROT·l 1 4Fl20

360 IFCNROT)610.610.390 I 4Fl30390 DO 600 I=I.NROT I 4f140IFCI-I)400.400.410 1 4.fl50400 CHIN=CH 1 4860

IF(RA.LT.O.nl RA=O.O I 4870

I\VGR=BA"RDLT 1 4Fl80 TflWS=TBWS+RA 1 4890

TET=ETT+TfT 1 4900
TE=fV+TE I 4910

TRA=TRA+RI I 4920
GO TO 420 
 1 4<130

41G CHIN=CHI I 4940

TRIIS=TflWS+RIN I 4950
AVGR=EII N0POL T I 4960
TET=TET +ETI ~I 1 4970

T£=TE+fIN I 4<180
TRA=TRA+R HI 1 4990 


THE CHANNEL ROUTING SUflPOUTINE IS CALLED I 5000 

FOP EACH POUTING DELTA TIME IAN INcUT 
 I SOlO 
PARAMETER) THAT IS CALCULATED UNLESC; I 5020 

INFLOW AND PREVIOUS OUTFLOW ARE ROTH I <;030 

7ERn. WHEN 74 HOUPS OF ROUTING DELTAS 
 I 5040 

HAVE BFr;N CALCULATEn. DAILY ACCUMU I ';050
LATIONS ARE PRINTED AND CHFCKS FOP END 1 <;060
OF MONTH ANO YEAP ARE RFGUN. 1 <;070 

http:IF(RA.LT.O.nl
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420 IF(CHIN)440.430.440 1 <;080 
430 IF(R1)440.450.440 1 5090 
440 CALL ROUTF (CMC.IBfG1.RPl,CHINl.RDLTI 1 5100 

C PRINT STORM HYDROGRAPH IF REQUESTED. 1 5110 
C AVGA c AVfR~Gf WATERSHED SURFACE INCHES 1 ,120 
C PER HOUR OF SUBSURfACE FLOW FOR 1 ,130 
C THE POUTING INTfRVAL. 1 5140 
C AVGR AVERAGE WATER~HED SURFACF INCHES 1 5150 
C PER HOUR OF CHANNEL FLOW FOR THE 1 5160 
C POUTING INTERVAL. 1 5170 
C AVGT ~U~ OF AVGR AND AVGR.. 1 5180 
C CFS CUB I C FEET PER e;ECOND EaU I V.ALENT 1 c;190 
C Of AVGT. 1 5200 
C DAILY= TOTAL WATERSHED SURFACE INCHFS OF 1 5210 
C rHANNEL FLOW FOR STIM. 1 <;220 
C STIM MILITARY TIME OF OAY. 1 5230 
C TBWS = TOTAL WATERSHED SURFACE INCHES OF 1 5240 
C ~UA5URFACE FLOW FOR STIM. 1 5250 
C TRA = TOTAL WATERSHED SURfACE INCHFS OF 1 5260 
C RAINFALL fOR STIM. 1 <;270 
C VOLT ACCUMULATED WATERSHED SURFACE 1 5280 
C INCHFS OF THE SIJ"I OF CHANNEL AND 1 5290 
C SUBSURFACE RUNOFF fOR STIM. 1 .,300 

450 IF(MSTORI441.442.441 1 5310 
441 5TIM=(KONT+ll~RDELT 1 "'320 

VOLT=OAILY+TAWC; 1 5330 
AVGR=VOL~RnLT 1 5340 
AVGT=b.ilGB+AVGR 1 5350 
CFS=AVGTol.008~oACRES 1 5360 
WRITE(IHYO.?)STIM.TRA.DAILY,TAwe;,VOLT.AVGR,AVGA.AVGT,CFe; 1 "'170 

? FORMAT(' '.F'.2.2X.F6.??X.3F7.2,3F11.<;.FI0.21 1 <;380 
44? KONT=KONT+! 1 <;390 

IF(KONT-ICNT)600.460.460 1 5400 
460 CALL OUTPUT (BAYR,OAYCN,DAYET.ETYR.FYR.ICNT,J5.RAIN.SF.ST. 1 5410 

1TBWS.TE,TET.TOTCN.TQTET.TRA.TRA~I,Yf.ARLY.XDAY.RHOI 1 51j.20 
CALL POLLUT ([PAGF.PAIN) 1 5430 
RAIN=O.O 1 5440 
KONT=O 1 ,450 

C CHEC~ FOR LfAP YEAR AND THEN SEE IF THF 1 5460 
C OAY OF THE YEAR IS THE LAST DAY OF A 1 5470 
C MONTH. IF A MONTH END IS ENCOUNTERED. ! 5480 
C SAVf MONTHLY SUMMARY INFORMATION. 1 <;490 

IF(IYR-4°(!YR/4»490.410.4QO 1 5500 
470 TF(YOAY-3?) 490.490.480 1 5510 
480 XOAY=l(£1AY-l 1 <;c;?0 
490 DO 510 MX=1.12 1 5530 

IF(XDAY-OA"IO(MX)1510.500.510 1 5540 
500 MN=MX 1 5550 

GO TO 520 1 5560 
510 CONTINUf 1 <;510 

GO TO <;40 1 5580 
520 CN=O. 1 5.,90 

WOFST=O. 1 5600 
ONSIT=O. 1 ';610 
00 ~30 70NF=1.NUMZ 1 5620 
ZCM(70Nf.MNI=SUMCN(70NE) 1 5f,30 
ZPEM(7DNE.MNI=~UMPE(ZONfl 1 5640 
ZBAM(ZONE.MNI=SUMAA(ZONfl 1 5650 
ZOFST(lONf.MN)=OFFSIT(ZONEI 1 5660 
IF (70Nf .EQ.NIIM7) GO TO <;25 1 5610 
ON5TT=SUM8A(70NE)OPC70N(70NFloPRAS+DNSIT 1 5680 
WOF~T=OfFC;TT(ZONF.)OPC70N(ZONEloP~AS+WOFST 1 5690 
GO TO '530 1 5700 

525 ONSIT=SUMRA(NUMZIOPCION(NUMZI+ONSIT 1 c;710 
WOFST=OFFSIT(NIJMZloPC70N(NUMZI+WOFST 1 5720 

530 CN=SUMCN(ZONFIOPCZON(ZONFI +CN 1 5130 
RUNMO(MNI .YEARLY 1 .,740 
ET"IO(MN)=FTYR 1 5750 
EMO(MNI=EYR 1 <;760 

http:BAYR,OAYCN,DAYET.ETYR.FYR.ICNT,J5.RAIN.SF.ST
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SUMO ("'1N) =r:N 1 5770 
RAMO(MN)=T~AN 1 5780 
BA~O(MN)=RAYR 1 5190 
OFSTMO(MNl=WOFST 1 5ROO 
ONST~O(MNl=ONSTT 1 5810 

C IF THE END OF THE YEAR OR THE END OF THE 1 51120 
C DATA I~ CALCULATED. PRINT OUT THf 1 5A30 
C MONTHLy SUMMARIES. STORAGES AVAILABLE 1 5A40 
C IN EACH REGIMF.. AND THE MOISTURE BALANCE 1 51'150 
C FOR TH~ TIME PERIon. 1 5A6O 

IF(MN-12)540.5AO,540 1 <;1l70 
540 IF(L-ll600.550,5RO 1 5880 
550 L=<' 1 5890 

DO 570 MX=l.12 1 5900 
IF(XOAY-DAMO(MXll560,560.570 1 o::;'ll 0 

560 MN=MX 1 0::;920 
GO TO 5;>0 1 5930 

570 CONTINUE 1 5940 
MN=l? 1 5950 
GO TO 5?0 1 5960 

SilO CALL SUMRY (BAMO.BEGRl.BEGSA,CMC,CN.EMO.ETMO,ETYR,EYR,MN.OFSTMO. 1 <;910 
10NSTMO,RAMO.RUNMO.SUMO,TPAN.WOfST.YfARLy.Z8AM.ZC"'1.Z0FST.ZPEMl 1 5980 

SNOW=O. 1 5990 
00 700 ZONf=l.NUMZ 1 6000 

700 SNOW=SNOW+~NO(70NEl~PCZON(ZONEl 1 ~nl0 
WRITfIIPRIN.lOOOl SNOW 1 6020 

1000 FORMAT('OSNO~='.F8.3l 1 6030 
~ STOP THE CALCULATION AT THE LAST OATF. AND 1 1'.040 
C TIME INOICAT~D IN DATA. 1 6050 

IF(LASTl58l.586.581 1 6060 
586 JCODE=O 1 6070 

LAST=l 1 6080 
C REINITIALIZf YEARLY AND MONTHLY ACCUMU- 1 1'.090 
C LATION VALUES. 1 ~100 

DO 583 "'1X=1.12 1 611 0 
RUN"'1()(MXl=O. 1 6120 
ETMO(MXl=O. 1 1'.130 
RAMO(MXl=O. 1 6140 
EM()(MXl=O. 1 6150 
ONSTMOIMXl=O. 1 6160 
OFSTMO(MXl=O. 1 "170 

583 SU/o10(MXl=0. 1 6180 
DO 590 ZONf=l.NUMZ 1 "'190 
TOTCN (ZONF.l=O. 1 6200 
SUMPE(ZONF1=0.0 1 6210 
SlIMf.lA(ZONfl=O.O 1 1'.220 
SUMCNiZONfl=O.O 1 1'.?30 
orFS IT (ZONF l =0. 1 6240 

00 <;90 MN=l.l2 1 6250 
zeM (ZONE.MNl=O.O 1 6260 
ZPEM(ZONE.MNl=O.O 1 6270 
ZOfST(ZONf.MNl=O.O 1 6<'80 

590 ZBAM(ZONE.MNl=O.O 1 6?90 
EYR=O.O 1 6100 
TPAN=O.O 1 6310 
YFARLY=O. l 6320 
MlST=l 1 6330 
IYR=IYR+l 1 1'.340 
IYOAY=l 1 6350 
flAYR=O.O 1 6360 
ETYR=O. 1 6370 

C END OF THE r:HANNEL ROUTING 00 LOOP ANn 1 6380 
C FND OF THE RAINFALL INPUT DELTA TIMES 1 6390 
C ARRAY. 1 6400 

600 CONTINUE 1 ,,410 
610 CONTINUE 1 6420 

L=O 1 6430 

If·(JCODE-ll100.l00.110 1 6440 


581 STOP 1 6450 

END 1 6460 


http:FORMAT('OSNO~='.F8.3l
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SURROUTINE DATA (JCODE.JS.LAST.LST,HELK,NUMRS,SF,SNO.ST,TRA,THAW) 
COMMON A(10) .AI':RE:S.AWC (4.4) .BOL.BVO.C (4.4) .CAse (4) ,COPT (4) .CHIN, 

lCM.CONl.CON?CROPS(?10).CRPVDClO),C VOL(4.4),Dl(4),DAILY,OAMO(l?). 
~OELF.OELET.nELF(4).DELP(300).0F.LQ(4).DELQ1(4)'DELT(30O).OELTF.DET, 
3DPE(4).OQO(4).E.EL(4.2).EP.ET~P(10),ETL(4.2).FC(4).FIL(4).G(4.4), 
4GAl (10) .GI (10) .GIG (l0.5?) • 18E." IOALY, IHYD. lOVER. IPRIN. IREAD. IROTA 

COMMON ITAPE. !TIL, IYDAY. IYR, IYRl.dUL (50) ,I(CUL (10.10) ,KDATE (10.10). 
lKNO(}O) .KONT.M(4) .MOY(5) .MHP(S) .MIII/(5) .MIST.MO(S) ,MSTOR.MYR(5), 
2NCHEK.NE.NKROP,NST.NUML.NUMl,NWEEI<.OLOGI(41.0VA(41.0VL(41. 
3PAGE.PAN(5?).PCAS(4),PCKROP(4'11) .PC10N(5).PEAK.PRErIP.Ql(4.4). 
4QLl(4.4).QMAX(4.S),QOl(4).QOPK(4).Q7.(4).Rl.ROELT.ROOT0(10) 

COMMON RUNON(5).SAl(4.4).SCN(4.4).S~QO(4).SEL(4.?).SETL(4.2),SGI. 
ISGR(4).SL(4).SMAX(4.4).SOILD(4).SQLI4.4).SRUNON(4).5UBPUT(S). 
?SUMET(4) .SIIMCN(4) .TEMP (52) .TIM(5) .TIME.TL(10) .TOPD(4) .TP.TUII0). 
3VD(4),VDMAX(4).VEG(4).VOL.ZGI(4).ZONE,WPPl(4).WPP?(4) 

OI'IFNSION" nIVS(4) .OP(4) .OT(4) .H~IIN(S) .HRS(5) 010(1.2) oI01JM(4).
lIS(4).NUMRS(4).NUMDY(2).SF(4).SNO(4) 

INTEGER Z0'IF 

RE~L M.MEL(4).MELK(4.4).MELT 

DATA ISNow.lnUM/lHS.4 * 2H I 


C THIS PROGRAM PREPARES AREAKPOINT INPUT 
C DATA FOP USE IN THE MODEL BY MELT1NG 
C INCREMENTS LABELED S FOR SNOW AS FUNCTTONS 
C OF TEMPERATURE. RAIN AND VEGETATION. 
C THEN ASSURING THAT NO TIME INCREMENT 
C DURING RAINFALL OR MELT IS GREATER THAN 
C 0.5 HOURS AND WHEN PRECIP STOPS. TIME 
C INCREMENTS ARE SET TO 0.1.0.3.0.6.1.0.?0. 
C AND 24.0 THEREAFTER. UNTIL THE NEXT RAIN. 
C DURING PAtNFALL. TIME INCREMENTS THAT ARE 
C TOO LARGE ARE DIVIDED INTO FQUAL TIME 
C III/CPEMENTS LESS THAN 0.5 HOURS. 2400 
C READINGS ARF INSERTED IF THEV DO NOT 
C APPEAR IN THE DATA. FOR THE PURPOSF OF 
C DISCUSSION A PECORD CONSISTS OF 4 RAIN OR 
C SNOW OASEPVATIONS THAT ARE PREA~POINT 
C TIMf AND DELTA PRECTP A~OUNTS WITH THEIR 
C 	 CORRESPOND1NG DATE:S. 

TSAV=O.O 

PSAV=O. 

IOJ:.-O 

IDJS=O 


C 	 READ A RECORD. 
IF(JCODE.EQ.l) GO TO 181 
11=2 
READlITAPE, 1.END=18A) (M()(J) .MDY (J) ,MYR (J) .MHR (J) .MIN(J) .DP (J-l).

1IS (J-l) .J=?S) 
1 FORMAT(10X. 3(3J?IX.2I2. F4.2.AI.2X).3I2.1X.2I2.F4.2.Al) 

IF(MO(2)-99)100,188.100 
188 IF(LAST)189.187.189 

C STOP TH- RUN IF A TRAILER (9.S) CARD DR AN 
C END OF FILE ON PRECIP DATA HAS REEN REAn. 

189 STOP 

187 LAST=l 

181 JCODE=2 


QETURN 

100 LAST=O 


IF(IREG) 11::;.110.115 

110 	 MO( I) ="10 (t') 


MYR(I)=MYR(?) 

MDY(l)="'DYI?) 

IF(MHR(2»140.1?0.140 


120 IF(MIN(?»l40.130.140 

130 MTN(2)=OI 

140 Ml ST=MO (11 


IYR=MYR(I) 
115 	 IF(IYRI.EQ.MYR(II-l» GO TO 190 


CALL LANIJ<;F 

IYRl=IYR 

MHR (II-I) =0 

MIN (II-ll =0 

TTI~E=O. 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
? 
2 
2 
? 
2 
? 
2 
2 
? 
2 
2 
2 
2 
2 
2 
? 
2 
2 
? 
? 
2 
2 
2 
2 
2 
2 
2 
2 

10 
20 
31) 
40 
SO 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
?40 
250 
260 
270 
?1l0 
"t\90 
300 
310 
320 
330 
340 
3S0 
360 
370 
180 
390 
400 
410 
420 
430 
440 
4S0 
460 
470 
480 
490 
SOO 
S10 
<;20 
530 
<;40 
5S0 
560 
570 
sao 
<;90 
/\00 
/\10 
/\20 
1'>30 
/\40 
6S0 
(,60 
670 
(,80 
1'.90 
700 
710 
720 
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OTT ME=O. 
2 730
IF(MYR(II-I)-4 0 (MYR(II-I)/4).EO.0) GO TO 118 
 2 740
INDYR=365 

GO TO 119 
 2 750 

2 760
.11 B INDvR=366 
2 770
119 DO 150 K=I.2 
2 780
ID(I,K)=MOYeII-I) 
2 790 

2 800


ID(?K)=~OeT!-l) 
150 IDe3,K)=MYP.(II-l) 

CALL DAYS eID,NDAYS.NUMOY,IPRIN) 2 RIO 
2 820 

2 R30 

2 840 


IYI)~Y=NUMnyel) 

N"'=IYDAY/7.+.99 
,IIILIAN=IYDAY 

2 850
TfST=IYOAY+I000 0 MYReII-I) 
2 A60!F(H':ST-JIIl(J.)) 190.160,190 
2 1'170 

C IF FIRST DATE TO BE CALCULATED IS ALSO 2 ABO
C REQUESTED FOR DETAILED ROUTING PRINTOUT. 2 A90
C INITIALTZF VALUES. 2 900
160 MSTOR=1 

2 910
TRA=O. 

2 920
JS=JS+l 
2 930
WRITE e IHYD.2) MYR (I I-I), IYDAY 
2 94!l 
2 950
? FOR~AT('O STORM HYDROGRAPH FOR YEAR 19',12,', DAY ',13 )

WRlTE(IHYO .31 

2 960 

2 970 

2 980 


3 FORMAT(' TIME RAIN VOL RUNOFF VOL (INCHES) RUNOFF RATESCAVG 
I IN/HRI AVG CFS'II' (I~CHF.~I CHAN SUB TOT C 
i'fiAN SUR TOT TOT' 1 
 2 990 

WRITEeIOVER.41~YR(II-II.rYDAY.(IOU~eZONE)'ZONE,ZONE,ZONE,ZONE=I, 2 1000
INUMZ) 

2 1010

4 FORMAT('10VERLAND FLOW HYDROGRAPH FOR YEAR 19'.12,' DAY ',13,//' 2 1020


ITT ME RAT NT' .4 e A 2. ' QO Z' of 1. • ' 01 Z' oJ 1 , ' SF Z' or II ) 2 1030
ST=O. 
2 1040
DO 165 70NF=I.NUMZ 
2 1050
165 SF (ZONE) =0. 
2 1060 


C INITIALIZE VALUES OF DIVS.NO,NR.ANO NE. 2 1070
190 DO 200 J=I.4 
2 1080
200 DTVSeJI=I.1l 
2 1090
NO=5 
2 1100
NR=I 
2 1110
NE=o 
2 1120 


C CHECK TO SEF IF RECORD HAS FOUR OBSFRVA 2 1130 

C TIONS AND ADJUST (NO) IF NECESSARY. 2 1140
DO ?40 J=IT.'5 

2 1150
IF(MOeJI1240.2?0.240 
2 1160
220 NO=.J-l 
2 1170
IFeNO-l)2'50,230.250 2 1180
230 RFTURN 
2 1190
240 CONTINUE 
2 1200 


C FLOAT VALUES OF TIME OBSERVATIONS AND 2 1210

C CHANGE MINUTES TO HOURS. 2 1220
250 III=II-I 

2 1230
DO 260 L=ITI.NO 
2 1240
HRS (Ll =MHR ell 2 1250
HMIN(U=MHJ(U 
2 1260
260 HMINILI=HMIN(LI/AO. 

C REGIN RIG LOOP WHICH CALCULATES ADJUSTED 
C INCREMENTS OF TIME. 

2 1?70 
2 1?80 
2 1290
DO 650 J=IT.NO 2 1300
THHl1=.1 
2 1310
TIM(21=0.3 2 1320
TIM(11 =.6 
2 1330
TIM(41=1.0 2 1340
TTM(S)=2.0 
2 1350
KBEG=1 2 1360 


C CHECK FOR DATE CHANGE. 2 1370

IF(MOY(J-I)-MDyeJ)1290.2PO~?90 2 1380
280 IF(MO(J-l)-MO(JlI290,300.290 2 1390 


C IF THE DATE IS DIFFERENT, SFT UP ARRAY 2 1400 

C FOR DAYS SU~ROUTINE. 2 1410
290 ID(I,I)=MDYeJ-ll 2 1420
ID (2.11 ="10 (.1-11 2 1430W(3.II=MYP(J-ll ? 1440 

http:L=ITI.NO
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lOll .2)=MDy(J) 2 1450IO(?2)=M(l(J) 2 1460 
10 (3.2) ="lYR eJl ? 1470 

C CALCULATE T~E DAYS RETWFE~ THE TWO OATfS. ? 1480 
CALL DAYS eTO.NDAYS.NUMnY.IPRINI ? 1490
GO TO 310 2 1500 

C IF DATF IS S~.ME. nAYS RETWEEN EPlJAL ZfRO. 2 1510
300 "IDAYS=O 2 1'520
310 XDAYS=NDAYs 2 1<;30 

C CALCULATE TIME IN HOURS RETWEEN TWO 2 1540 
C OBSfRVATIONS. 2 1<;'50

DT(J-Il=HRS(J)+HMINeJ)-HOS(J-l1-HMINeJ-I)+XDAYSo24.0 2 1<;1)0
320 IF(TTIMf-?1.999)340.330.~30 2 1<;70
330 TTIMF=O. 2 1580
340 DTIMf=TTI"1f 2 1<;90 

IF(TTIMf+DTIJ-l)-?4.)360.3~0.3S0 2 1"00350 TSAV=DT(J-ll 2 1"10
PSAV=OPIJ-I) 2 1"20
DTIJ-I)=24.-TTIME 2 1"30 

C WHEN PRECIP IS LESS THAN .?s INCHES. THE 2 1640 
C ENTIRE ~UANTITY IS lISEn IN FIRST DfLTA. 2 1"50

IFeopeJ-l).LT.0.25) GO TO 355 2 1660
DPIJ-l)=DP(J-I)ODT(J-I)/TSAV ? I fi70

355 TSAV=TSAV-nTCJ-I) 2 1fiRO
PSAV=PSAv-nPIJ-I) ? 1fi90
GO TO '370 2 1700

360 TTIME=HRSIJ)+HMINIJ) 2 1710 
C IDENTIFIfD SNOW IS STORED. THEN MELTED ON 2 1720 
C FACH ZONf AS A FUNCTION OF TEMPERATURF. 2 1730 
C VEGETATIVE DENSITY. AND PRErIP FALLING 2 1740 
C AS PAIN AND ADDFD RACK TO PPECIP AS 2 1750 
C WATFRSHED AVERAGE. 2 1760

370 IFIISIJ-Il.NF.ISNOW) GO TO 372 2 1770
DO ~71 70NF=I,NUMZ 2 17AO

371 SNOIZONE)=SNOI70NE).OPIJ-I) 2 1790
DPIJ-l)=O. 2 1ROO

3't'? MfL T=O. 2 I A 1 0 
DO '375 ZONF=I.NUMZ 2 I A20 
IFITE~PINw).LE.THAW) GO TO 379 2 lR30
MFLI ~'ONE) =0. ? I A40
IFISNOIZONF).LE.O.) GO TO 379 2 1R50 
MfLIZONE)=ITFMPINW)-THAW)OI1.-.50VEGIZONE»o.15°DTIJ_1 )/24. 2 IA60

1+?oDP(J-l) 2 IR70
IFIMELIZONF).GE.SNOIZONF» GO TO 374 2 lflilO

SNO(ZONE)=SNOC70NE)-MELIZONE) ? 1A90 
MELIZONE)=MELI70NE)+DPIJ-I) 2 1900
GO TO 375 2 I Ql 0 

374 MEL(ZONf)=SNOI70NE).DPIJ-l) 2 1920 
SNOrZONf)=n. 2 1910

375 MELT~~ELT+MFL(70NE)~PCZON(ZONE) 2 1940 
DP (d-l ) =MF.J. T 2 I Qt;o
IFIMELT.LE.n) GO TO 379 2 1960 
DO 37" ZONF=I.NIJIo1Z 2 1970 

C MELK Is THE ~fIGHTING FACTOR TO 2 19RO 
C nISTRI~UTE SNOWMELT ON THE ZONf. 2 1990 

376 MfLKCZONE.J-l)=MEL(ZONf)/MELT 2 2000 
C DA ILY MELT IS ASSUMFD TO OCCUR IN 4 HOIJRS. 2 ?010 

IF(OT(J-I).LF..4.) GO TO 177 2 ?020
SADJ=DTIJ-I)-4.0 2 ;>030
OT(J-1l=4.() 2 <'040 
roJS=1 ? 2050
GO TO 377 ;> ?060 

379 DO :H3 lONF= I • NUMZ '2 <,070
373 MELK(ZONE.J-1)=I. 2 2080 

C CHECK FOR DELTA PRECIP EQUAL ZERO. 2 ?090 
377 IF(OP(J-ll)lAO.4RO.390 2 ?IOO
3AO WRITF.IIPPJN.5) 2 ?110 

5 FORMAT(' ERROR DELTA PRfCIP NEGATIVE V~LUE SET TO lERO') 2 ::'120 
GO TO 4AO 2 ?130 

390 TEST=DP(J-l)/DT(J-l)-.D199 2 ';»40
IF(TEST)400.410.410 2 ?150 

400 ADJ=D~IJ-l)-npIJ-l)/.04 2 ?160 

http:ADJ=D~IJ-l)-npIJ-l)/.04
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DTIJ-l)=DPIJ-I)I.D4 2 2170 
IOJ=1 2 ?lBO 

410 IfIDTIJ-l)-OELTF)450.450.420 2 <!190 
C CHECK FOR DELTA TIME GREATER THAN DFLTf 2 ?200 
C (USUALLY O.~ HOURS). IF IT IS 2 2?10 
C "REATER. INrRfMENT QIVS. OTHER- 2 ?220 
C WISE ACCEPT THE VALUF. 2 2230 

420 TEST=DTIJ-II/DfLTF 2 ;>?40 
nEST=TEST 2 2250 
TEST=TEST-TTF.ST 2 <!26O 
IFCTfST)430.430.440 2 ?270 

430 DIVSIJ-l)=TTEST 2 ;:>280 
GO TO 450 2 ;>;>90 

440 DIVSIJ-l)=ITEST+l 2 ;:>300 
450 IOV=DIVSIJ-11 2 <'310 

C ADD THE NU~RER OF DIVISIONS FOR THE OR- 2 2320 
C SERVATION TO THE CURRENT TOTAL FOP THE 2 2330 
C RECORD. 2 ?340 

NE=NE+IDV 2 2350 
C INSERT THE ADJUSTED INCREMENTS FOR 2 ?360 
C THE OBSfRVATION INTO THE ARRAY FOR THE 2 2370 
C RECORD.WHICH WILL AF USED IN THF MAIN 2 23RO 
C PROGRAM. 2 ?390 

00 460 K=NR.NE 2 2400 

DELPCK)=DP(J-II/OIVS(J-ll 2 ;>410 
? ;>420DELT(K)=DT(J-11/0IV5IJ-l) 

C Of TERMINE WFEt< FOR MELT COMPUTATIONS. ? ;>430 
C WHEN 1?/31 IS ENCOUNTEPED SAVE REHAINING 2 2440 
C RECORDS ON CAPO AND RETURN TO MAIN TO 2 24~0 

C TO COMPLETE YEAR'S COMPUTATIONS. 2 ?460 
? ;>410460 	 DTIME=DTIMF+DELTIKI 
2 ;>480LCOOE::1 

660 IF(nTIHE.LT.23.999) GO TO 1465.560.560.575) .LCODF 2 2490 
2 2~00DTIME=O. 


IF(LST.GT.OI GO TO 730 
 2 ?510 

JULTAN=JULTAN+l <.' 2520 
2 ;>~30NW=JULIAN/7.+.99 
2 2<;,,0IFCNW.LE.5?) GO TO (465.560.560.5751.LCODE 
2 ?<;50NW=52 
2 ;:>~60IF(JULIAN-INnYRI 720.710.730 
2 ?<;70710 LST=l 


720 GO TO 1465.560.560.575).LCODE 
 2 25RO 
730 IFIJ.EO.NO) ,,0 TO 760 2 2590 

IFCMYRIJ+l).GT.MYRIJ)1 GO TO 74? 2 ?flOO 
2 2f110II=.J 


GO TO 745 
 2 ?n20 
742 II=J+l 2 2630 

2 ;>fl40745 	DP(II-l)=PSAV 
2 ?650760 	 JCOnE=l 


MYRCII-ll=MYRCl)+1 
 2 2660 
;> 2670r.tOIII-l)=1 


HOY CI I-I) =1 
 2 ?fl8/) 
2 ?fl90L'5T=O 


NUMASCJ-!)=NF+l 
 2 noo 
RFTURN ? ?710 

C SET UP SU8SCRIPT OF THE FIRST INCREMENT ? 2720 
C OF THE NEXT ORSERVATION TO AE ENTERED 2 ?730 
C IN THE ADJUSTED ARRAY AND CONTINUE THE ? ?140 
C AIG LOOP. 2 2750 

2 2760465 	NfI=NE+l 

IFCJOJ)515.575.410 
 ? ?710 

;:> nso470 	DPIJ-l)=O. 
2 2790DT 1.)-1) =ADJ 
2 ;>AOOInJ=O 

C flEGINNING OF THE CALCULAT[ON OF ~TANDAYn 2 ?AIO 
c DELTA TIMES WHEN DELT~ PRFCIP EQUAL ZERO. 2 2A20 

? :>A304BO 	 NE=NB 
2 ?1I40TIHFl=O. 
2 ?fl50490 	00 510 K=KAF".5 
2 ?fl60KSAV=K 

DELPINE)=O. " 2A70 
TIME2=TIMEl+TIMCt() 2 ?IIRO 

http:IFIJ.EO.NO
http:NW=JULIAN/7.+.99
http:IF(LST.GT.OI
http:TEST=TEST-TTF.ST
http:DTIJ-l)=DPIJ-I)I.D4
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[FeDTeJ-I1-TIM F2-0.00001)570.570.500 2 ?891) 
500 DfLT (NF. 1=TJ M (K) 2 ?qOO 

TIMfl=TIMf;:> 2 ?ell 0 
DTtME=DTIMF+DELT(NE1 2 2920 
NE=NE+l 2 ?Q30 

S}O CONTINIlF 2 2940 
KS~V=6 2 2950 

520 DELP(NE1=0. 2 2960 
T I MF.:2=T J"1F.l +?4.• 2 ?970 
IFeOT(J-I1-TIMF21S70.570.S30 2 ?9AO 

530 TEST=24. -T PIFl 2 2990 
IF(TEST1550.5~0.540 2 3000 

540 DELTeNE1=TF.<:;T 2 3010 
TT~C:-l=?4. 2 3020 

;:>OTIME=DTIMF.+r:lElT(NEl 3030 
LconE=? c 3040 
GO TO 660 ? 1050 

550 DELTtNE1=?4. 2 3060 
TTMEl=TIME? 2 3070 
DTIME=DTI~F.+~ELT(NE1 2 3080 
LCIlOf=3 2 3090 
GO TO 660 2 3100 

560 NF=NE+l 2 3110 
GO TO 5eO 2 3120 

570 DfLT(NE1=DT(J-l)-TIMEl 2 3130 
NR=NE+l 2 3140 
DTIME=DTI~F+OELT(NE1 2 3150 
LCODE=4 2 3160 
GO TO 660 2 3170 

575 IF(IDJS.Lf.O) GO TO 580 2 3180 
DPIJ-ll=O. 2 3190 
DTIJ-l)=SAr:lJ 2 3200 
IOJ<;=O 2 3elO 
GO TO 480 2 3220 

580 IF(TSAV-0.0001)650.650.'90 2 3?30 
590 DT(J-l)=T<;I\V 2 3240 

TSAV=O. 2 1250 
DP(J-l)=PSIIV 2 3260 
IF(f'1P(J-l) 1630.600.630 2 3?70 

600 TTJMF=HRS(J)~HMJN(J) 2 3280 
TH1Fl=O. 2 3(,90 
NE=NB 2 3300 
IF(KSAV-51/ilO,610.5?0 2 3310 

610 TJM(KS~V)=TJM(KS~V)-OELT{NE-l) ? 3320 
IF(TIM(KSAV»)620.620.640 ? 3330 

620 KBEr,::;KSAV+l ? 3340 
IF(KREG-S1490,490.5?O ? 3350 

630 TTJlo4f=O. 2 3360 
? 3170

KAFG=l 2 3380GO TO 320 
2 3390

640 KAEG=KSAV 
? 3400

GO TO 490 
? 3410

650 NUMASIJ-ll=NF.+l 
C SAVE THE LAST RECORO ON A CA.RD. ? 3420 

? 3430MYRIII-ll=MYR(NOI 
? 3440MO(It-ll=MO(NOl 
2 3450MDY(Il-l)=MDy(NO) 
? 3460

~HR(II-l1=M~P(N01 
? 1470MJN(It-l1=MTN(N01 
? 3480

RETURN 
? 3490

ENO 
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C SUBROUTINE DAY~ (OeTAINED FROM OSA) 3 10 
C STEVEN SCHLF~INGEP JOR 1431 3 ?O 
C THIS SUBROUTTNE CALClILIITF.S THE NUMFlFR OF DAYS 3 30 
C FPO~ ONE OATF. TO A SECOND DATE FOR ANY 3 40 
C TWO DATES FROM JANUARY I. 1900 TO DECEMAER 31. 1999 3 50 
C SURROUTINE A5 ~OLLOWS - 3 60 
C ID(1.1) = T~F DAY IN THE MONTH OF THE AEGINNING DATE 3 70 
C IO(I.?) = THE DAY IN THE MONTH OF THE ENDING DATE 3 flO 
C 10(2.1) = THE MONTH OF THE AEGIN~ING DATE 3 90 
C 10(2.2) = THF MONTH OF THE ENDING DIITE 3 100 
C 10(3,1) = LAST TWO DIGIT!' OF THE YEAR OF THE BEGINNTNG DATE 3 110 
C IO(3.?) = LAST TWO DIGIT~ OF THE YEAR OF THE ENDING DATE 3 1 20 
C IF THERE IS AN ERROR IN EITHER OF THE OATES. NOAYS IS SET EDUAL 3 130 
C TO ?ERO AND THE SUBROUTINE RETURNS TO THE MAINLINE PROGRAM 3 140 
C THE TWO DIITFS MUST BE ENTERED AS A 3 BY 2 ARRAY INTO T~E 3 150 

SUBROUTINE DAYS (ro.NDAYS.NUMDY.IPRIN) 3 160 
D I MENS I ON T A !l?) .r 0 (3.2) • NUMDC (?) • NIJMOY (2) 3 170 
DO ?50 J=1.2 3 180 
IN = IO(2.J) 3 190 
IF CIN) 110.110,100 3 ?OO 

100 IF (IN-12) 120.120.110 3 210 
110 WRITE(IPRI~I.l) 3 ?20 

1 FOR~AT (41~OMONTH NUMBER ZERO OR GREATER THAN TWELVE) 3 ?30 
GO TO 270 3 ;:>40 

120 IF(ID(I.J» 180.180,]30 3 250 
130 GO TO (140.1~0,140.150,140.150.140.140.150'140.150.140). IN 3 260 
140 IF (ID(1.J)-11) 190.190.1AO 3 ?70 
150 IFCIO(1.J)-30) 190.190,IAO 3 ?80 
160 IF (IO(1.J)-?9i190.J70.1AO 3 290 
170 IF(IO(3.J)-4*(IOC3,J)/4» 1RO,190.IRO 3 300 
180 WRITE(IPPIN.?) 3 310 

2 FOP~AT (45400AY NU~AEP TOO LARGE FOR GIVEN MONTH OR ZERO) 3 320 
GO TO 270 3 330 

190 	 U(01) = 000 3 340 
lA(02) = 031 3 350 
tA(03) = 0">9 3 360 
IA(04) = 090 3 370 
IA(O"» = 1?0 3 380 
IA (06) =151 3 390 
lACOn = IAI 3 400 
III(OA) = ?1? 3 410 
IACOQ) = 243 3 420 
IA(10) = 273 3 430 
IIt(11) = 304 3 440 
IA(12) = 314 3 450 
NUM~Y(J) = TACIN) + IO(l.J) 3 460 
IF (ID(3.J» 200.230,200 1 470 

200 IF (IDC3.J)-4*(IO(3.J)/4» 240.?10.?40 3 480 
210 IF (IO(2.J)-?) ?40,240.;;:>?0 3 490 
220 NUMOY(J)=NUMDY(J)+I 3 0;00 

GO TO 240 3 510 
230 NUMDC(J) = NUMOY(J) 3 520 

GO TO 2<;0 3 ">30 
240 NUMflC (J) =Nlf"'DY (J) +365*10 (3.J) + (TO (3.J) -1) 14 3 ")40 
2S0 CONTINUF; 3 "i50 

NDAYS = NUMDC(?) - NUMOC(l) 3 560 
IF (NDAYS) ?~0.?RO.280 3 ">70 

260 WPITE(IPRIN.1) 3 S80 
3 FORMAT (51HONEGATIVF; NUMBER OF DAYS - SECOND DATF RfFORF FIRST) 3 ">90 

27(1 NOAYS = 0 3 600 
280 RETURN 3 610 

END 3 620 
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SUAROUTtNF. FTCALC 
C THIS SU~PROARAM CALCULATES FVAPOTRANSPI-
C RATION USING THE EQUA
e TION ET=GloK~EP FOP POTENTIAL ZONF ET. 
C THEN THE POTENTIAL IS USED TO CALCULATE 
C ACTUAL ET AS AN EXPONENTIAL FUNCTION OF 
C SOIL MOISTUPE. 

COMMON A(10).ACRES.AWC(4.4),BOL.8vn.CC4.4),CASC(4).COPT(4) .CHIN, 

ICM,CONI,CON2.CQOPS(?,10).CRPVOIIO) .CVOLI4.4).DI(4).OAILY,DAMOCI2), 

20fLE.OELET.OFLF(4).DELPll001.DELO(4).OELQZ(4).OFLT(30O).DELTF.DET, 

10PE(4) ,000141 .E.EL(4,2).FP,ETE"P(101 .f.TLl4.?) ,FC(41 .FIL(41 ,G(4,41. 

4GA Z ( 10) ,G I I 10) ,G! GIl 0 • 5?) , IBEG, I DAL Y. I HYO, lOVER. I PR IN. I RE AD. I ROTA 


COMMON ITAPF,ITIL.IYDAY,IYR.IYR1.JtJL ISO) ,KCUL(IO.IO).KO~Tr:CIO,lOI, 
IKNOCI01 ,KONT.M(4) ,MOY(5).MHR(51 .MINCSI .MIST.MOCSI .MSTOR.MYRC51. 
2NCHEK.Nr:.N~ROP.NST.NUML.NUMZ.NWEEK.OLDGII41,OVA(4),OVLC41, 

lPAGF,PAN (5?1 ,PCAS 141 .PCKROP C4'lnl .PCZON(51 ,PFAK.PRECIP,Ql (4.41. 
4QLIC4.~I.Q~AXI4.51,QOIC41.QOPK(41.Q7(41.RI,ROELT.ROOTDCI0) 

COMMON R(JWIN(51 .SAI C4.41 ,SCN(4.41 .SOQO (4) .SI'L (I,,?) .c;ETLe4,?) ,SGI. 
ISAR(4),SL(41.SMAXC4.41,SOILOC41.SQLI4.41.~RUNONC4}.SUAPUT(5). 
?SUMFT(4) ,SlIMCN(41 ,TEMPC5?) .TIM(SI ,TIMF"L(101 .TOPO(41 .TP,TUCIOI. 
3VOC41.VDMAXI41.VEG(4).VOL.ZGI(4).ZONE,WPPl(41,WPP2141 


OI"1ENSION ETUM C I 01 .FREE e21 ,XXX (2) 

INTEGER ZONF 

RFAL M 


C FT IS OPTIMUM AT FIELD CAPACITY. 01"11-
C NISHING WITH MOISTURE CONTENT BELOW FIFLD 
C CAPACITY AND DIMINISHING WITH AIR AS 
C EXCLUDED BY FREE WATER ABOVF FIELD 
C CAPACITY. 

ROT= 1. 

OET=O. 

DDET=O. 

ETLIZONE.l)=O.1l 

ETLCZONf.?)=O.O 

PROT=I.0 


C 	 CALClILATE THE MAXIMUM VOLUMF OF STORAGF 
C PENETRATED BY PLANT ROOTS ~OR EACH CROP. 

ZLIM=O. 
DO 170 KROP=I.NKROP 
IF(PCKROP(70NE.KROP»130,130.10S 

105IF(ROOTD(KQOP)-SOILO(ZONE»120.110.110 

110 ETLIMCKROP1=C;M6XCZONF.?) 


GO TO 150 

120 IFCROOTOCK Q OPI-TOPDIZONE»130.130.140 

130 ETLIM(KROPI=O. 


GO TO 170 

140 ROT=CROOTD(KROPI-TOPOCZONE»/CSOILD(ZONEI-TOPD(ZONF1) 


ETLI~CKROP1= A~CCZONE.210 ROT +GCZONE.?) 

150 IFC7LIM-ETLJM(KROP»1~0.170.170 


160 ZLJM=FTLIMIKROPI 

PROT=RDT 


170 	 CONTJNlJf. 

DO ?20 LAYFR=I.? 

L=LAYFR 

IFCLAYER-II115.115.116 


liS 	TFST=S~AXC70NE.II-SAICZONE.1) 
GO TO 117 


116 TEST=ZL[M-~AlI70NE,?) 


117 IF(TESTI2?0.2?0.?30 

220 CONTINUE 


GO TO 400 

C CALCULATE DELT ET FOR FACH CROP. 


230 DO 270 KRDP=I.NKROP 

IFIL-?)260.?50.250 

C CHECK TO SEF IF CROP'S FT LIMIT HAS AfEN 
C EXCFED~n. 

250 TEST=SAl(ZONE.?)- ETLIMCKROP) 
IFCTEST)260,270.270 

260 ET=GIIKROP)OEPOPCKROP(70NE.KROPloETf.P(KROPloTIMF/?4. 
C CALCULATE POTENTIAL DELTA ET FOR THF lONE. 

DFT=DET+ET 
270 CONTINUE 
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710 
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290 
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340 
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360 

370 
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390 
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c ~DJUST THf 
C HORIZON BY 

IF(DETI2BO.400.?90 
280 WRITE(IPRIN.1170NEiOET 

1 FORMAT('lERROR IN [TeALe -- DELTA 
IGATTVE (',FA.2.'I.'1 

STOP 
290 	 LAYF!?=L 


FREE ( 1 I =G I 70NE. I I -SA 1 (ZONE. 1 I 

FREE(21=GI70NE.21*PROT-SftlIZONE.21 

DO f,OO K=I.2 

IFIFqEEIKI1~01.293,293 

601 FQEf(KI=O.O 

293 XXX(KI=AWC(znNF.KI/GIZONf.KI 

600 CONTINUE 


IF(LAYfR-11297,297,29R 

298 ALEFT=DET 


GO TO 340 

297 IFCFREElll1591,591.592 

59? X.=I.- (FREE (II /G IZONE.l I I ** XXX III 


GO TO 593 


STORAGE AVAILARLF IN THF 
THE 	 ACTUAL ET FOR T~E ZONE. 

ET FOR CROPS IN ZONE',I2.' IS NE 

591 X=II.-ISIII (lONEolI-GIZOlllftll I/AWCIZONFolI 1**XXXIll 

593 TfST=SAllznNE.] I+OET*X-SMAXIZONE,1 I 


IF ITEST1310,310,300 


300 	DOET=SMAXI70NE.l I-SIIIIZONE.l 

SAIIZONF,LAYERI=SMAXIZONE,LAYERI 

GO TO 320 


310 SAIIZONE.LAYERI=SAI IZONE,LAYERI+QET*X 
DDET=DET*X 

320 ALEFT=DFT-DDET 
ETL<ZONE.LAYERI=DDET 

340 IF(FREEI211342,342,341 
341 X=lle-FREEI?1/IGIZONE.21*PROTI)**XXXI2) 

ALfFT=ALEFT*X 

GO TO 380 


342 TEST=ZLIM-$AIIZ0NE.?) 

IFITESTI350,350.3bO 


360 ALEFT=ALEFT*ll.-ISAlIZONF.21-G(ZONE.21 1/(ZLIM-G(ZONf,2111**XXX(21 


350 DET=DDET 

GO TO 390 


X=~Al(ZONF.?I+ALEFT-ZLIM 
H (>'1380,3AO.370 

370 	 DET=DDET+ZlIM-SAl IZONE.~) 


ETLIZONF,?I=ZLJM-SAlI70Nf,21 

SAl(ZONf,21=7.LJM 

GO TO 390 


380 	 DET=DDET+ALFFT 
ETL(ZONE,?I=ALEFT 
SAl(ZONE,21=SAl(ZONF.21+ALEFT 

390 SUMFT(ZONEI=5UMET(ZONEI+DET 
400 RETURN 

EN!) 
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http:ALEFT=ALEFT*ll.-ISAlIZONF.21-G(ZONE.21
http:XXX(KI=AWC(znNF.KI/GIZONf.KI
http:FREE(21=GI70NE.21*PROT-SftlIZONE.21
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') 	 10SUBROUTINE EVAP ICRAK.RHO) 
COMMON AII0).ACRES.AWCI4.4).AOL.8VO.CC4.4).CASC(4l.CDPTI4l.CH1~. 5 20 
lC~.CONl.CON2,CPOPS 12.10) • CRPVO (10) .C:VOL (4.4) .01 (4) .nA IL y.D~MO I 12) , 5 30 
2DELE.OELET.OELF(4).DELPI100l.0ELQ(4l.DELQZI4).DfLTI30O).DELTF.DET, S 40 
3DPE(4) .OQn(4) .E.EL(4.2) .EP.ETEPIlO) .ETL(4.21 ,FC(4) .FILI41.GI4.4). 5 50 
4GA Z ( 10) • GIll 0) ,G 1 GIl 0 .52) .1 REG. I OA_L Y • I HYD. lOVER, I PR I Nt 1 PEAD. I ROT A 5 60 

COMMON ITAPF. ITIL. IYDAY. TYR. IYR1·.JIJL I~O) .KCUL (10,10 I ,KDATE (10.10). '5 70 
lKNOtl0).KONT,M(4),MDY(5).MHP(S),MIN(Sl.M1ST.MO{SI.MSTOR,MYReS). '5 80 
2NCHEK.NE,NKROP.NST,NUML.NUMZ.NWFEK.OLDGT(4).OVA(4).OVL(4). 5 90 
3PAGE,?ANI5?,.PCA5(4).PCKROP(4.10),PCZON(S).PEAK.PREf.lP,Ql(4.4). 5 100 
4QLl 14.4) ,QMAX (4.5) .QOl (4) .QOPK(4) .Q7 (4) .Rl.RDELT.ROOTDI 10) 5 110 

COMMON RUNON(5).SAl(4.41.SCN(4.4).SnQOe4).SfLI4.21.~ETL(4.2).SGI. '5 120 
ISGR(4).SLI41.SMAX(4,4).50ILQI4).SQLI4.4).SRUNON(41.SUSPUT(5). '5 130 
2SUMET (4) ,SUM.CN (41 • TFMP (52) • TI M1<;) • TI ME. TL ( 10) ,TOPD (4) • TP. TU (10) • 5 140 
3VO(4) .VDI4AX(4) .VEG(4) .VOL.ZGI (4) .ZONr:.WPPI (4) .WPP2(4) 5 150 

DIMENSION CRAK(4).TEST(2) 5 160 
INTEGER ZONF '5 170 

') 180REAL M 
C THIS SUBROUTINE CALCULATES EVAPORATION '5 190 
C DIRECTLY FROM THE FREE WATER AND ON SOIL. C; 700 

ELCZONEd)=O.O '5 210 
ELIZONE.2)=0.0 '5 220 

5 730E=O.O 
VnEV=(1.-.~~VEr,170NE))~EP~TIME~~HO 5 740 
IFCVDEV-Ivn(70NE)-C~AKIZONE)))100.100.110 5 250 

5 ?60100 	 E=vnEV 

VDIZONEl=vnCZONEl-f 
 '5 no 

c; ?80GO TO 210 
110 E=VOI70NE)-r.PAK(ZONF) '5 ?c"o 

C; lOOIFCF)111.111.112 
5 'no111 E=O.o 


112 VDCZONEI=vn(70NEI-E 
 '5 320 
F'REE=O. '5 330 

'5 340GT=O. 

00 150 L=1.2 
 5 350 

5 360TESTILI=GI70NE.L)-~AIIZ0NE.L) 
5 170 
5 180

If(TEST(LlI130.1~0.140 

130 TESTILl=O. 

140 fRff=TESTCL)+FREE 
 '5 190 
150 GT=GT+G(ZONF.L) 5 400 

5 410 
160 IF(AWC(ZONF.11/GIZONE.I)-.7)161.161.162 	 5 420 

5 430 

IF(FREE)210.210.1~0 

161 	 XXX=I.0 
5 440GO TO 163 
5 450162 )(XX=2.0 

163 EPOT=IFRfE/GT)~OXXX~IEP*TIME~RHn-F) 5 460 
5 47000 ?OO L=I.? 

IF(TEST(L»)?00,?OO.170 5 480 
C; 490170 	 IF(TESTCL)-FPOT)190.180.180 5 r:;00180 	SAl(lnNE.L)=~AlC70N[.L)+FPOT 
5 ~10E=E+EPOT 
'5 'it'OEL< ZONE. Ll =FPOT 
5 ')30GO TO 210 5 540lCJO 	 E=E+TESTILl 5 550SA1CZONf.LI=Q(70NE.L) 
'5 'i60

EPOT=EPOT-TF~T(L) 
5 <;70ELI10NE.L)=TFSTIL) 
'5 'iAO200 	 CONTINUF '5 590210 	 RETURN 5 600END 
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SUBROUTINE INFIL CCRAK.Ml.TPRECP) 6 1 0 
COMMON ACIo).ACRES.AWCC4.4).AOL,BVO.CC4.4).CASCC4) .CDPT(4).CHI~. 6 20 

ICM,CONI.CON2.CPOPSC2.10).CRPVDCIO).CVOlI4,4).DIC4).DAILV.DAMO(12). 6 30 
2DELE.DELET.OELF(4).DELPC300).DELQC4).DELQZC4).OELT(30O).DELTF.OfT, 6 40 
3DPE(4) .DQO(4) .E.ELI4.2) .fP.ETEP I 10) .ETU4.2) .FC(4) .FIU4).G 14.4). 6 50 
4GA Z I 10) • G I C 10) • GIG I 1 0 .5<') • I BEG, I DAL Y. I HVD. lOVER. I FIR IN, I READ, IROT A 6 60 

COMMON UAPE.1TIL, IYDAY. !YR, IYRl.JLJL (50) ,KCI)L C10010) ,~;DATE (10010). 6 70 
lKNO(10).KONT.MC4),MDYCS).MHRI5).MIN(5) ,MlST,MOC~).MSTOR.MVR(S). 6 flO 
2NCHEK,NE.NKROP.NST,NUML,NUMZ,NWEEK,OLDGI(4),QVA(4) ,OVL(4), 6 90 
3PAGE,PAN(5?).PCAS(4).PCKROP(4.10l,PCZO~(5) ,PEAK,PRECIP,Q114.4). 6 100 
4QLl (4,4) ,QMAX (4,5) .QOI (4) ,QOPK (4) .QZ (4) ,RI.RDEL T.ROOTD( 10) 6 110 

COMMON RUNON(5),SA.l(4,4).SCN(4.4),SDQO(4).SEL(4.21.SEl'U4,2),SGI, 6 120 
ISGR(4).SLI4),S~AX(4,41.S0ILDC4),SQLI4,4).SRUNON(4).SUBPUT(5), 6 130 
2SUMET(4).SI)MCNC4).TEMP(5?),TIM(S).TIME,TLCI&).TOPD(4).TP.TUIIO). 6 140 
3VD(4).VDMAXI4l.VEGC4).VOL·ZGII4l.Z0NE,WPPI141.WPP2(4) 6 150 

DIMENSION CRAK(4).MZ(4.4).SA2(4) 6 160 
INTEGER ZONE 6 170 
REAL M.MZ 6 180 
CRAK(ZONE)=O.O 6 190 

C THIS SURROUTINE CALCULATES THE VOLUME 6 ?OO 
C OF INFILTRATION INTO A ZONE AND THE 6 ?10 
C AMOUNT OF PRECIPITATION EXCESS ON "THE 6 220 
C SURFACF OF A ZONE FOR EACH INCREMENT OF 6 ;>30 
C RAI~FALL IN THE ADJUSTED INPUT ARRAY. 6 ?40 
C THE ROUTI~E USES HOLTAN'S INFILTRATION 6 ('50 
C CONCEPT. I~ITIALLY ESTI~ATE OELTA INFIL- 6 ('60 
C TRATION AS THE TOTAL WATER AVAILABLE TO b ?70 
C INFILTRATE. I.E., DEPRES~ION STORAGF. 6 ?AO 
C DELTA PRECIP •• RUNON FROM ZONE UPSLOPE, 6 ?90 
C AND DEPTH OF EXISTING OVERLAND FLOW. 6 300 

DELFCZONE)=VD(70NE)+TPRECP+RUNONCZONE) +Dl(ZONE) 6 310 
C CALCULATE WEIGHTED GROWTH INOEX FOR 6 :120 
C THE lONF. 6 330 

IFINWEEK-NCHEK) 10,20.10 6 :~40 

10 NCHEK=,,,',JEEK 6 350 
00 100 IZ=I.NUMZ 6 360 
lGI C Il) =0. 6 :HO 
DO 100 KROP=I.NKROP 6 180 

100 ZGI(Ill=lGtCIZ)+GIIKROP)~PCKROPIZONE.KROP) 6 390 
20 GUES= TIMF~ClGIIlONE)~VEG(ZONE)~SAIIZONE.1)~~1.4 +FCCZONE» 6 400 

TEST= GlIES-DELFIZONE) 6 410 
IFITEST)110.II0.120 6 420 

110 DELFIZONE)=GUE~ 6 430 
C CALCULATE THE AVAILARLE POROSITY TO 6 440 
C RECEIVE THE ESTIMATED INFILTRATION AMOUNT 6 450 
C AND CHECK FOR SATURATION. 6 460 

120 SA2(1)=SAI170NE,I)-DfLFIZONF) 6 470 
IF(SA2CI»170.170.130 6 480 

C IF THE PORO~ITY IS > ZERO. COMPUTE RATE f, 490 
C OF INFILTRATION AT THE END OF DFLTA TIMF. 6 ')00 

130 F2=ZGI(ZONE)OVEG(ZONE)OSA2(I)O~1.4+FC(ZONE) 6 ~10 

C CALCULATE THE AVERAGE RATF AND COMPARE 6 '120 
C THE ESTIMATFD AVERAGE WITH THE CALCU- 6 ~30 

C LATED. 6 "40 
140 FAV=(FIL(7nNF.)+F?)~.5 6 ~SO 

IF(OELFCZONf)/TIME-FAV)200.200.150 6 "60 
C IF THE E~TIMATED AVERAGf IS THE LARGER. 6 '170 
C REDUCE THE ESTIMATED INFILTRATION AND 6 SAO 
C CALCULATE THE ASSOCIATED POROSITY. 6 <;90 

150 DfLFIZONE)=DELFIZONf.)-.005 6 1'>00 
IFIDELF(lONF»160,120.120 6 610 

160 DELF(ZONEI=O.O 6 6('0 
GO TO 120 6 1'>30 

C IN CASES WHFRE THE POROSITY BECOMf~ 6 640 
C NEGATIVE AFTER THE ESTIMATED INFILTRA- I'> 1'>50 
C TI ON IS SUATRIICTED. SET DELF EQIJAL TO THE 6 660 
C ~TORAGE LEFT AND SET THE RATE AT THE [NO 6 f,70 
C OF DELTA TIMF EQUAL TO THE MAXIMUM RATF 6 6AO 
C OF OUTFLOW FROM THE LAYER. 6 A90 

170 DfLF(ZONE)=~Al(ZONF.l) 6 700 
SA2!1l=0.0 6 710 
IF(MZ(ZONE.I»190.1RO.190 6 720 

http:10,20.10
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180 F2=CIZONE.]) 
GO TO 140 

6 
6 

730 
740 

190 F2=rIZONE.l1.GI70NE.l1/~ZlznNE.l) 6 750 
GO TO 140 6 760 

C ONCE DFLTA INFILTRATION IS FSTAALISHED. f, 770 
C CALCULATE THE EXCESS WATER THAT DID NOT 6 780 
C INFILTRATE AND APPORTION IT TO SURFACE 6 190 
C DETENTION OR INPUT FOR OVERLAND FLOW. 6 $100 

200 EX=RUNONCZONEl+TPRECP-DELF(ZONFl +01IZ0NEI 6 RIO 
IF(fXI210.??0.?30 6 1'120 

C IF THE EXCESS IS NFGATIVE. SOME SURFACF 6 R30 
C DETENTION MUST HAVE BEEN TAKEN INTO THF 6 ~40 

C ~OIL. 6 1'150 
210 DVD=EX 6 A60 

VOI70NE1=VOI70NEI+DVD 6 A70 
OPEIZONEI=-Dl(70NEI 
GO TO 300 

6 
6 

A80 
A90 

C IF THE EXCESS IS ZERO. ROTH THE CHANGE 6 ClOO 
C IN SURFACE nETENTION ANn OVERLAND FLOW 6 ClIO 
C INPUT ARE zn-w. 6 CleO 

220 DVD=O. 6 930 
DPE(ZONEl=-OlllONEI 
GO TO 300 

6 
6 

940 
Q50 

C IF THE EXCESS IS POSITIVE, FILL SURFACF 6 Q60 

C DETENTION AND THEN lET T~f REST SUPPLY 6 Q10 

C OVERLAND FLOW. 6 980 
C THFSE STATEMENTS HAVE REEN INCLUDEn TO 6 990 
C INCORPORATf CRACKINc; SOILS IN THE MODEL. 6 1000 

230 SA1IZ0NE.ll=SA?ll) 
IEPTH=CDPTIZONfl +.1 
IF(IEPTH}210.210.240 

240 DO ?60 KLAY=I.IEPTH 
TEST=SAlI70NE,KLAY )-G(ZONf.KLAYl 
IFITf5T)260.?60.250

250 CRAKIZONEI=CRAKI70NF1+TFST/AWC(70NF.KLAYI*CVOL(70NE.KLAY) 
260 CONTINUE 
~70 TfST=VDIZONE)+F.X-IVDMAX(70NEI+CRAKI70NE)I 

IFIT£STI210.2l0.290 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

1010 
1020 
1030 
1040 
1050 
1060 
1010 
1080 
1090 
1100 

290 DVD=VDMAXI70NEI+CRAKIZONF1-VOIznNfl 
VOi70NEI=vnMAXlZONEI+CRA~(ZONEl 
DPEIZONE)=FX-DVD -01 (]ONF) 

300 SA} (ZONE,ll=SA?(}1 
FILIZONE)=F? 
RETURN 
EN!) 

6 
6 
6 
6 
6 
6 
f, 

1110 
1120 
1130 
1140 
ll'in 
116!) 
1]70 
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SUBROUTINE"INIT (Acc.~A~n.BEGRl.8EG~A.CRAK.oAYCN.OAYET.EAcc.EMn. 
lETAC.ETMO.ETYR.EYR.ICNT •.JCOOE.L~T.OFFSIT.OFST~O.ONSTMO.RAIN.RAMO. 
2RPl.RUNMO.Sf.SlJMRA.5UMO.~UMPE.TACC.TE.TET.TOTCN.TOTET.TRAN. 
3YEARLY.ZBA~.ZCM,ZOFST,ZPFM.RDLT) 

COMMON A(lO).ACRES.AWC(4.4),aOL.aVD.C(4.41.CASC(4),CoPT(4).CHIN. 
1CM,CONl.CON2.CP.OPS(2,10),CPPVo(10).CVOL(4,4),01(4),oAILV.DAMO(!2), 
2oELE,oELET.DELF(4),oELP(300),oELQ(4),DELQZ(4),OElT(30O).oELTF,oET, 
30PE(4),oQO(4).E,EL(4.2),EP.ETEP(10),ETL(4,2),fC(4),FIL(4).G(4.4). 
4GAZ(10).GIrl0).GIG(10,S2),IREG.loALv.IHyo.IOVER.!PRIN,IREAo.IROTA 
CO~MON ITAPF.ITIL,JYOAY.IYR.IYRl.JUL(SO),KCUL(10,10),KoATE(10,10), 

lKNO(10),KO"lT,M(4),MoY(S).MHR(SI.MIN(S).MlST.MO(S),MSTOR.MYR(S). 
2NCHEK,NE,NKROP,NST,NUML.NUMZ,NWEEK,OLDGI(4),OVA(4).OVL(4). 
3PAGE.PAN(5?),PCAS(4),PCKROP(4.10).PCION(S),PEAK.PRECIP,Ql(4,4). 
4QLIC4.4~.Q~AX(4,5J,QOl(4).QOPK(4),QZ(4).Rl.ROELT.ROOT0(10) 

COMMON RUNON(S).SAl(4,4).SCN(4.4).SDQO(4).SEL(4.2).SETL(4,2'.S61. 
1561'1(4) .SL(41.SMAX(6.41.SnILD(4).SQL(4.41.SRUNON(4).SU8PUT(SI. 
<'SUMFTC41.'5I1MCN!41.TE~P(S?) .TIM(S) .TIF-4E.TLCI0) ,TOPo(4) .TP.TU(lO). 
3Vo(4).VDMAX(41.VEGC4).VOL.ZGIC41.Z0NE.WPPl(41.WPP2(4) 

DIMENSION RA~O(121.CRAK(41.DAYCN(4).OAYET(41.EMO(121.ETMO(1?1. 
10FFSITC.).nFSTMO(12).ONSTMO(121.RAMOC121.RUNMO(12).SF(41,SUMBA!41. 
2SUMOCl21.SIIMPE(4) .TOTCN(4) .TOTFT(4) .ZBAM(4ol21.ZCM(4tl21. 
3Z0FST(4.121.ZPEMC4.1<'1 

INTE"GER ZONf 
REAL M 

C INITIALIZE" VALUES. 
IYRl=O 
JCOO£=O 
L~T=O 

NWEEK=O 

NCHFK=O 

BVo=O. 

BOL=O. 

8EGSA=0. 

DO 110 ZONF=l.NUMZ 

CRAI<" (ZONEI =0.0 

oAYCN!ZONEI=O.O 

oAYET(ZONEI=O. 

oELFC70NE"I=O.0 

olC70NE"I=O.O 

FIU ZONf) =0.0 

OFfSIT(ZONFI=O.O 

OLofH(ZONEI=O. 

QOl(ZONF)=O.O 

QOPI«ZCtNEI=O.O 

SDQO(ZONE)=O.O 

SF(ZONE")=O.O 

SGR(ZONEI=O.O 

SRUNON(ZON~I=O.O 

SlJMRA(70"lfl=0.0 

SlIMfT(ZONFI=O.O 

SllMCN(70Nf)=O.O 

SIIMPE (ZONfl =0.0 

TOTCN(ZONF:l=O. 

TOTfT(ZONfl=O. 

VD(ZONEI=O.O 

DO 100 LAYFR=l.? 

SElL(ZONE.! 6YER)=0.0 


100 SFL(ZONE.LAYfR)=O.O 

DO 110 LAYfP=1.4 

SQLIZONE.LAYFRI=O.O 

SCN(ZONE.LAYER)=O.O 


110 BfGSA=RfGSA+~Al (ZONf.LAYfR)OPCZON(ZONF) 

PCZON(NUMZ+l)=1.0 

RAIN=O. 

IYDAV=O 

RPl=Rl 

BFGPl=Rl 

PAGF=28. 

VOL=O.O 

Arc=O.O 

ETAC=O.O 

T6CC:0.O 


1 10 

1 20 

1 30 

1 40 

1 50 

1 60 

1 10 

1 80 

1 911 

1 100 

1 11 0 

1 120 

7 130 

1 140 

"1 150 

1 160 

1 110 

1 180 

1 190 

1 200 

7 210 

1 ?20 

1 ?30 

1 ?40 

7 ?SO 

1 ;;>60 

1 210 

T ?80 

1 ;;>90 

1 "300 

1 310 

1 320 

1 330 

1 340 

7 350 

1 360 

1 370 

1 380 

1 390 

1 400 

1 410 

1 420 

1 430 

1 440 

1 450 

1 460 

1 410 

1 480 

1 490 

1 <;00 

7 510 

1 '520 

7 r;30 

1 '540 

1 550 

1 ~60 


1 510 

1 <;RO 

1 590 

1 (,00 

1 610 

1 6<'0 

1 630 

1 640 

1 650 

1 660 

1 670 

1 680 

1 690 

1 100 

1 110 

1 no 
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EACC=O.O 7 730 
ICNT=24.~RnLT+.OOl 
KONT=O 
TRAN=O.O 
PfAk'=O. 
O.AILY=O. 
YFARLY=O. 
TF=O. 
TfT=O. 
ETYQ=O.O 
EYR=O.(} 
DO 150 MN=1.12 
BAMO(MNI=O.O 
OfSTMO(MN)=O.O 
ONST"10(MN)=(I.0 
ET"10(MNI=0.0 
EMO(MN)=o.n 
RAMO(MNI=O.O 
SU"IO(MN)=O.O 
RUNMO(MNI=O.O 
DO 1'10 ZONF=1.NUM7 
ZPfM(ZONE.MNI=O.O 
ZRAM(ZONE.""N)=O.O 
ZOFST(70NE.MN)=0.O 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

740 
750 
160 
770 
780 
790 
AOO 
A10 
~20 

R30 
A40 
850 
R60 
870 
$180 
890 
900 
910 
920 
930 
940 
950 
960 

150 ZC"I (ZONf.a.lNI=O.O 7 970 
RFTURN 7 980 
END 7 990 



79 USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY 

SUqROUTINE LANUSE 
C ADDED BY GLORIA STILTNER TO USDAHL-70 
C TO IMPLEMENT A METHOD OF CALCULATING 
C GROWTH INDEX ~URVES FROM MEAN TFMPERA-
C TURES. THE ROUTINE READS. WRITES AND CAL-
C CULATES VALUES WHICH DESCRIRE THE VEGETA-
C TIVE COVER OF THE WATERSHED. IT IS COM-
C POSED OF THPEE SECTIONS OF CODE. THE 
C FIRST SECTION READS AND WRITES CROP PARA-
C METERS THAT ARE MENTIONED IN TABLE 7 OF 
C THE APPENDIX TO THE TECHNICAL RULLETIN. 
C THE SECOND SECTION IS THE NEW METHOD FOR 
C CALCULATING GI. T~E THIRD ~ECTION READ~ 
C THE PERCENT OF EACH CROP IN EACH ZONE FOR 
C THE YEAR. 

COMMON A(lOI.ACRES.AWC(4.41.BOL.8VD.C(4.41.CASC(41.CDPT(4).CHIN, 
lCM.CONl.CON2.CROPS(2.10).CRPVD(10).rVOL(4.41.Dl(41.DAILy.DAMO(12). 
2DELE.DELET.DELF(41,DELP(300) ,DF.LQI41.DELQZ(4).DFLTI3001.DELTF.DET. 
3DPE(41.DQOI41.E,ELI4,21.EP.ETEP(101,ETL(4,21.FCI41,FILI41.GI4,41, 
4GAZ(10).GIIIOI.GIGI10.52).IREG,IDALY,IHYD,IOVER.IPRIN.IREAD.IROTA 

CDMMON ITAPF.ITIL.IYDAY.IYR.IYRl.JUL(50).KCUL(10.101.KDATFI10.10), 
lKNOI101.KONT.M(41.MDY'51.MHR(51.MINI5).MlST.MOI~).M~TOR.MYRISI. 
?NCHEK.NE.NKROP.NST.NUML.NUMZ.NWfEK.OLDGII41.0VA(41.0VL141. 
3PAGE.PANI5?I.PCASI41.PCKROPI4.101.PCZONI51.PEAK.PRECIP.QlI4.41. 
4QL114.41,QMAX(4.5).QOlI41.QOPKI41.QZ(41.Rl.RDELT.ROOTD(lO) 

COMMON RUNONI51.SAl(4.4).SCN(4.4),SDQOI41.SEL(4.2).SETL(4.21.SAl. 
lSGR(41.SL(4).SMAX(4,4).SOILD(41,SQLI4.41.SRUNON(41,SUBPUT(51. 
2SUMET (4) .SUMCN(4) .TEMP (5?) ,TIM(5) .TIME,TL< 101 .TOPD (4) ,TP.TUI 10). 
3VD(4).VDMAX(4)JVEG(41.VOL.ZGI(4),ZONE.WPPl(41.WPP2(41 

DIMFNSION CNAME(2).CNO(10),CODE(4).CWKIS2),IALPHI4).ICULII01. 
lID(7) .IDAT"(10) .114(7) tlY(7) .ROP(lO) .XGI (52) 

REAL M 
INTEGER CNO.CDDE,CDND.CWK,WEEK.ZONE 
DATA IALPH.CODE/3HPLO.3HPLA.3HHAR,3HCUL.4.5.6,7/ 
IFII~EG)14n.lOO.140 

100 WRITEIIPRIN.1) 
C READ CROP PARAMETERS 

READ IIREAD.3~) I (CROPS (KK.K) ,KK=1.2) .K=1 ,NKROPI 
35 FORMA T I 18A4) 

P.fAD IIREAD.20) IA (Kl .K=1.NKROP) 
(IEAO(IREAD.20) ICRPVD(I(') ,K=l.NKROP) 
~EAD (IREAD.20) (ETEP IK) .K=l.NKROP) 
READ("!REAO.20) IROOTD(K) .K=l,NKPOPl 
REAOIIREAO.?O) (TUIK) ,K=l,NKROPI 
READIIREAO.20) (TL(lO ,K=l.NKROP) 

20 FORMAT(10FR.3) 
C PRINT CROP PARAMETERS. 

WRITE(IPRIN.~) (ICROPSIKK,Kl,KK=1,2).K=1,NKROP) 
WRITE(IPRIIIJ.<I) IAIKI.K=l,NKROP) 
WRITE I I PRIN. </) ICRPVD IK) .K= 1. NKROP) 
WRITEI IPRIN. 7) IETEPIK) .K=l.NKROP) 
WRITE (IPRIN.6) IROOTO (lO .K=1 ,NKROP) 
WRITE(IPRIN.l) ITU(K).K=1,NKROP) 
WRITEIIPRIN,2) ITLIK),K=l,NKROPI 
FORMAT('5X.'IJPPER TEMP'.10FIn.2) 

2 FORMATI5X.'LOWFP TEMP'.loFIO.2) 
3 FORMATI'OLAND USE PARAMETERS'//) 
5 FORMAT('O'.17X,lOI2X.2A4» 
6 FORMAT( 5X.'ROOT DEPTH'.10FI0.?) 
7 FOR~AT( 5X.'ETEP 
8 FORMAT( 5X.'A VALUES 
9 FORMATI 5X.'CROP VD 

C 
C 
C 

IF(ITIL)120.110.1?0 
110 WRIT~(IPRlN.IO) 

GO TO 130 
120 WRITE(IPRIN.111 

10 FORMATI'OTTLLAGf PRACTICF 
l'i ILLaGE prarTIrf FOR THf 
2D FOR ALL OF THE YEARS.') 

'.lOFIO.?) 
'dOFIO.?) 
',10FI0.~) 

CALCULATE 

FUNCTION 

PRACTICE 


l~ NOT 

GROWTH INDEX CURVES AS A 
OF TEMPERATURE AND TILLAGF 
FOP EACH CROP. 

AVATLABLE FOR YF.ARLY INPUT. THE 
FIR'>T YfAQOF CALCULATlON'/ ' WILL RE liSE 

8 10 

8 20 

8 30 

8 40 

a 50 

8 60 

8 70 

8 80 

8 90 

8 100 

8 110 

13 120 

8 130 

8 140 

8 150 

8 160 

8 170 

8 180 

8 190 

8 200 

8 ?10 

8 220 

8 230 

8 ?40 

8 250 

8 260 

8 270 

8 280 

8 ?90 

8 100 

8 310 

8 320 

8 330 

8 340 

8 150 

8 360 

8 370 

8 380 

8 390 

8 400 

8 410 

8 420 

8 430 

8 440 

1\ 450 

8 460 

8 470 

13 480 

8 490 

8 "i00 

8 510 

8 "i20 

8 '530 

8 "i40 

8 550 

8 C,60 

8 '570 

e ~80 


8 590 

8 ('.00 
13 1'.10 

8 f>20 

8 630 

8 640 

8 650 

8 660 

8 670 

8 1'.80 

8 690 

8 700 

8 710 

8 720 


http:WRIT~(IPRlN.IO
http:READIIREAO.20
http:READ("!REAO.20
http:IREAD.20
http:IEAO(IREAD.20
http:IIREAD.20
http:3PAGE.PANI5?I.PCASI41.PCKROPI4.101.PCZONI51.PEAK.PRECIP.QlI4.41
http:ITAPF.ITIL.IYDAY.IYR.IYRl.JUL(50).KCUL(10.101.KDATFI10.10
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C 

C 
C 
C 

C 
C 
C 
C 
C 

C 

C 

C 
C 

C 

C 

C 

11 FORMATI'OTTLLAGE WILL BE READ YFARLY.') 

130 WRITEIIPRI~.12) 


12 FORIAAT (oOCROP 
 ~ GRAZI~G·.10X,·TILLAGE PRACTICFS') 

READ TEIAPERATURE nATA. 


140 READ 1IREAn.('1.FND=880) ITFMP 00.1<=1.'>2) 

21 	 FORMATI48X.4F8.3) 


DO 740 IC=l.NKROP 

IFIIBEG)180.1BO.IS0 


150 IFIITIL)160,160.180 

REINIrIALIZF TILLAGF PRACTICES FOR THE 

CASE WHEN TILLAGE IS NOT AVAILARLE FOR 

FVERY YEAR OF C~LCULATION. 


160 	 KAOP=IC 

GRAZ=GAZlt<ROP) 

NO=i-\NOIKROP) 

DO 170 K=l.NO 

I CUL 1K) =KCI!L 1KROP. 1<) 


170 	 IDATEIK)=KOATEII<ROP,t<) 
GO TO 390 


READ THF CROP TILLAGE PRACTICE CARD. 

PLO TURN PLOW (4) 

PLA PLANT is) 

HAR = HARVEST (6) 


CUL = CULTIVATION (7) 

180 READIIREAD.??) CNAIAE.IGR,(ICULII<).IM(I<).IDCK).IY(I<).t<=1.7) 


GRA7=1.-IGP<>.01 

FIND THE CROP'S SURSCRIPT NUMBER. 


00 210 K=l.NI<ROP 

IF(CROPS(l.I<)-CNA"'Frl) )?10.190.?10 


190 IF(CROPS(2.K)-CNAMEr(,»210,?00.210 

200 KROP=I< 


GAZ(I<ROP)=GPAZ 

GO TO 220 


21 0 	 CONTI~Uf 


WRITErIPRIN.?3) CNAME 

STOP 


220 DO 240 1<=1.7 

IFIIMIK»240.230.240 


NO NIJ"lBER OF CULTIVATION PRACTICE'S. 

230 NO=I<-l 


GO TO 250 

240 CONTINUE 


NO=7 

250 IFINO)270.260.?70 

260 WRITEIIPRIN.13) CNAME'.IGP 


13 FORMAT('0'.('A4,~X.I3.13X"NONf') 

GO TO 350 


270 WRITE(IPRI~J.14) CNAMF,IGR.IICULCK).IMII<).IOIIO.IYII<),K=I.NO) 

14 FORMATI'0'.2A4.6X,I3,13Y.,7IA3,lX.312.3X» 

CALCULATE THE WEEI< OF THE YFAR ASSOCIATED 
WITH EACH CIlL TIVATION DATE. 

DO 330 1<=1.1110 

IFIIMIt<)-1'?80.280.290 


260 IOATEII<)=InCK' 

GO TO 330 


291) I<"'=I"'IK) 

IFIIYII<)-4*ITYIK)/4»320.300,3?0 

300 IF(IMIK)-2,3?0,320.310 
310 IDATEIK)=InCK)+OAMOII<M-l)+l 

GO TO 330 

320 IOATEIK)=InIK)+OAMO(KM-1) 

330 IDATEIK)~InATEII<)/7.+.99 


IF!IDATfIK)-52)350.350.340 
340 InATEII<)=S? 
350 IFCIBEG+ITTL)360.360.390 

~AVE THE TILL~GE PRACTICES REAO THf FIRST 
YFAR FOR THF CA~E WHEN TILLAGE I~ NOT 
AVAILAALE FOR EVERY YE~k OF CALCULATION. 

360 	GAZrKnOP)=GRAZ 
KNOIKROP)=NO 
IFINOI390.190.370 

370 	 DO 380 M=l.Nn 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

A 

A 

8 

8 

A 

8 

8 

6 

8 

B 
B 
8 

8 

8 

8 

8 

8 

8 

8 


730 

740 

750 

760 

770 

780 

790 

800 

810 

820 

830 

1140 

850 

860 

R70 

880 

1190 

900 

910 

920 

930 

940 

950 

960 

970 

980 

990 


1000 

1010 

1020 

1030 

1040 

1050 

1060 

1070 

1080 


8 

8 

8 

A 

8 

8 

A 
8 

II 

8 

8 

8 

8 

8 

8 

8 

A 

8 

8 

/; 

8 

8 

8 

8 

8 

8 

R 


A 1090 

8 1100 

8 1110 

8 1120 

A 1130 

8 1140 

8 1150 

8 1160 

A 1170 


11110 

1190 

1('00 

1('10 

1??0 

l?30 

1('40 

1?50 

1 ('6.0 
1270 

1280 

1?90 

1300 

1310 

13?0 

1330 

D40 

1350 

Ll60 

1370 

1180 

1390 

1400 

1410 

1420 

1430 

1440 


" ' 

http:IDATEIK)~InATEII<)/7.+.99
http:FORMATI'0'.2A4.6X,I3,13Y.,7IA3,lX.312.3X
http:CNAMF,IGR.IICULCK).IMII<).IOIIO.IYII<),K=I.NO
http:WRITE(IPRI~J.14
http:WRITEIIPRIN.13
http:GRA7=1.-IGP<>.01
http:WRITEIIPRI~.12
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C 
C 
C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

C 


C 

C 

C 

KDATE(KROP.K)=IOATE(K1 
380 KCUL(KROP,K1=lCUL(K1 

TL TEMPERATURE BELOW WHICH THE GROWTH 
INDEx FOR A PLANT IS CONSTANT. 

TU TEMPERATURE AT WHICH POTENTIAL TRANS
PIRATION FOR_ A PLANT EQUALS PAN 
EVAPORATIO~J. 

390 	 XT=TU(KROP1-TL(KROP1 
CONO=l 
ICON=l 
WEEK=l 

XTP= 	 RECOVERY PERIOD AFTER TURN PLOW. 
WEEKS REQUIRED~FOR GI TO RETURN TO 
0.1 UNTIL NEXT PRACTICF. 

XTP=2.0 
XP GROWTH PERIOD AFTER PLANTING. WEEKS 

REQUIREO FOR GI TO REACH XGI. 
XP=8.0 

XH 	 RECOVERY PERIOD AFTER HARVEST. 
WEEKS REQUIRED FOR GI TO RETURN 
TO XG I. 

XH=4.0 
XPH= A VARIARLE EQUAL TO XP OR XH 

DEPENDING ON WHICH CULTURAL PRACTICE 
IS IN FFFECT. 

HNO=.3 
DO 420 I=I."c 

XGI = GROWTH INDEX FOR ESTAALISHED 
VEGETATION WITH NO HINDERANCES SUCH 
AS DA~AGES OR CULTURAL PRACTICFS. 

GIG = XGI MODIFIED RY OAMAGF OR CULTURAL 
PRACTICES FOR COMPARISON WITH 
MOISTURE EXTRACTION PATTERNS. 

XGICI)=CCT~MPIIl-TL(KROPll/XTl*GRA7. 
IF TEMPERATURE EXCEEDS TUIKROP1. 
XGI IS REDUCED. 


TEST=(XGICIl/GRAZ-I.01 

IF (TEST) 402.402.401 


401 	 XGI1Il=£1.O-TEST**1.5l*GRAZ 
402 IFCXGICIl-0.3l410.420.420 


MINIMUM XGI=0.3 DOES NOT INCLUDF EVAP 

FROM FREEII/ATER. 


410 XGIIIl=0.3 

~·2i1 CONTINUF 


IFCNO)430.430.450 

430 DO 440 WEEK=I."2 

440 GIGCKROP.W~FK1=XGI(WEEK1 


GO TO 740 

450 IF(ICON-N01460.460.510 

460 DO 480 /<=1.4 


IFCICULCICnNl-IALPH(Kl14AO.470.4AO 

470 CNO(ICONl=CODECK1 


GO TO 4'lO 

480 	CONTINUE 


WRITE(IPRIN.?41ICULCICON1 

STOP 


490 CWKCICONl=TOATF(ICONl 
lFIWEEK-CWKCICQNl1520.5?0.500 

500 WRITECIPRIN.151 
is FORMAT(IH .'FRROR--CULTIVATION DATES IN WRONG ORDER OR TWO IN THE 

ISAME WEEK. '1 
GO TO 740 


510 CWKCICON1=") 

520 IF(WEEK-CWKCICON11"30.630.530 

530 GO TO C540.5,,0.580.640.650.660.670l.COND 


CONO 1 FOR INITIAL CONDITION. 

540 GIGCKROP.WFFK1=XGICWEEKl 


GO TO 710 

COND = ? FOR XPH EQUAL TO XP IF CURRENT 


WfFK I~ G~EATER THAN THE PLANT DATE 

OR LESS THAN PLANT nATF • XPH. 


8 

8 

8 

8 

8 

8 

8 

A 
8 

8 

8 

8 

8 

8 

8 

8 

8 

A 

8 

8 

8 

8 

8 

8 


14<;0 

1460 

1470 

11,80 

14'l0 

1"00 

1510 

1<;20 

1"3 0 

1540 

1"50 

1"60 

1570 

1580 

1590 

11'.00 
1610 

1620 

1 (,30 

1640 

1650 

If>60 

1670 

If>80 


A 1690 

8 1700 

8 1710 

8 1720 

8 1730 

A 1740 

A 1750 

8 1760 

8 1770 

8 1780 

8 1790 

8 1 AOO 

A 1810 

8 1A20 

8 lA30 

8 lA40 

8 1850 

8 lA60 

8 1870 

8 1880 

8 1A'lD 

8 1'l00 

8 1910 

A 1no 

8 1'l30 

8 1'l40 

8 1 'l50 

8 1 Q60 

8 1'l70 

8 1'l80 

A 1Q90 

8 ?OOO 

A ?010 

A 2020 

A ?030 


2040 

?050 

?060 

?070 

?080 

?090 


8 

8 

8 

8 

8 

8 

A 2100 

8 :>110 

8 2120 

8 ?130 

A 21 /.0 
A 2150 


http:TEST=(XGICIl/GRAZ-I.01
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c 	 COND = ? FOR XPH EQUAL TO XH IF CU~RENT 
C ~EEK IS GREATER THAN THE HARVEST D~TE
C OR LESS THAN HARVEST DATE • XPK. 

550IFCWEEK-CCWKCICON-I)+XPH»570.560.560

560 CONO=l 


GO TO 530 

570 GIGCKROP.WFFK)=GIGCKROP,~EEK-I)+(XGICWEEK)-GIGCKROP.WEEK-ll)O


lCWEEK-CWKCICON-l»/XPH 

GO TO 710 


C 
 COND = 3 IF CURRENT WEEK IS GREATER THAN 
C TURN PLOW DATE OR LESS THA~
C TURN PLOW DATE + XTP. 

580 	IFCWEEK-CCWKIICON-I)+XTP»600,590,~90 
590 	GIGCKROP,W~F~)=.I 


CONO=.3 

GO TO 710 


600 G!GIKROP.WFF~)=1.0-.50CWEEK-CWKIICON-l»/XTP

GO TO 710 


630 CONO=CNOCJr.ON) 

GO TO 530 


C 
 COND = 4 IF CURRENT WEEK IS EQUAL TO THE
C 

640 	GIGCKROP,WFEK)=i.O 

COND=3 

GO TO 710 


C 
C 

650 


C 
C 

660 


C 
C 
C 

670 


110 

720 


730 


740 

C 


750 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

760 


COND 

GIGCKROP.WEFKI=O.1 

CONO=2 

XPH=XP 

GO TO 710 


COND 

GIGCKROP,WEFK)=HNOOXGIIWEEK) 

HNO=.6 

XPM=XH 

CONO=2 

GO TO 710 


COND 

GIGCKROP.WFE~)=0.90XGI(WEEKl 
CDND::} 
IF:WEEK-CWKCICON»730,7?0.730 

ICON::ICON+l 

WEEK =WEEK +1 

IFCWEiK-53)45Q.740.740 

WEEK=drlEEK+ 1 

IFIWEEK-53)520.740.740 
CONTINUE 

PRINT THE GROWTH INDEX r.URVES. 
WRITECIPRIN.?5J ICCPOPSIKK.K),KK=I.21.K=I.NKROP)
DO 750 WEEK=I.52 
WRITEIIPRIN.26)WEEK. 

IFCIAEG)760.770.760 
IFCIROTAI8~0.860.770 

TEMPCWEEKI.IGIACKROP.WFFK),KROP=I.NKROP) 
REAO LAND USE CHANGE FOP YEAR. 
THIS INFORMATION MUST BE ENTERED THE }ST 
YEAR AND THEREAFTER WHEN LO CHANGES. 
THESE CARDS MUST BE FOLLOWEn BY A BLANK 
TRAILER. IF LU DOESN'T CHANGE AFTfR THE 
FIRST YFAR. BLANKS ARE NOT REGUIRED IN 
SUCCEEDING YEARS. IF LU CHANGES IN SOMF 
YEARS.AUT NOT OTHERS. THE BLANK MUST AE 
INSERTED IN YEARS WITH NO CHANGE. CARDS 
NEED BE ENTERED ONLY FOR ZONES WITH LU 
CHANGING FROM THE PRECr.:oING YEAR. LU CARDS 
SHOULD AE INSERTED IN FRONT OF PAN EVAP
ORATION DATA FOR EACH YF~R. 

170 	 Y=O. 
7110 READCIREAD.i~} z.C ROP(KK).KK=I.NKROP)

16 f'ORMAT C10FA.?) 
ZONf=l 

TURN PLOW n.HE. 

= 5 IF CURRENT WEEK IS EQUAL TO THE 
THI': PLANT DATE. 

= 6 IF CURRENT WEEK IS EQUAL TO THE 
H~RVEST DATE. 

:: 7 IF CURRENT WEEK IS EQUAL TO THE 
CULTIVATION DATE. INSTANTANEOUS 
REDUCTION DUE TO CULTIVATION. 

8 2160 

8 2170 

8 ?180 

8 2190 

Il 2;>00 

8 2210 

8 2220 

8 2?30 

8 2?40 

8 ;>250 

8 2260 

B 2210 

8 2280 

8 21'90 

8 2300 

8 2310 

8 2320 

8 2330 

8 2340 

8 2350 

8 2360 

8 2370 

8 2380 

B 2390 

B ?400 

8 2410 

8 2420 

8 2430 

B ;>440 

B ;>450 

a 2460 

8 2470 

8 2480 

8 2490 

8 2'i00 

8 2510 

8 2<;20 

8 2530 

8 1'540 

8 2~50 


8 ?560 

B 2'i70 

8 2<;80 

8 ;>590 

8 2600 

8 2~10 


8 2620 

8 2630 

8 ?640 

6 2650 

8 2660 

8 2670 

8 2680 

8 2690 

8 2700 

8 2710 

8 2720 

8 2730 

8 2740 

8 2750 

8 2760 

8 2770 

8 2780 

8 ?790 
8 21100 

8 281.0 

8 2620 

8 2830 

B ?840 

8 ?850 

8 2860 

8 2870 

8 ?880 


http:WEEK=I.52
http:CONO=CNOCJr.ON
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IF(ZONEI800.S00.7QO 8 2A90 
790 Y=Y.l 8 2900 
800 IF(Y-l)820.830.810 8 2910 
810 IF(ZIB60.8AO.840 8 2920 
820 WRITE(IPRIN.17)IYR 8 2930 

17 FOR~AT('lLAND USE FOR THE YEAR 19 1.12.' IS THE SAME AS THE PREVIOU 8 2940 
IS YEAR.') 8 2950 

GO TO 8nO 8 2960 
830 WRITE(!PRIN.18)IYR 8 ?970 

lA FORMAT(lILANf) 1)5E FOR YFAR 19 ' .y2.' FOLLOWS. IF A ZONE IS NOT ~1EN 8 ?980 
1 TIONED. VALII!=.:S OF PREVIOllS YEAR ARE ASSUMED. I) 8 2990 

840 VEG(ZONEI=O.O 8 1000 
VDMAX(ZONE)=O.O 8 3010 
DO 850 KK=l.NKPQP 13 3020 
PCKPOP(70N~.KK)=ROP(KK)*.01 8 3030 

C UPDATE THE MAXIMUM VOLl)MF OF DEPRfSSIONS 8 3040 
C AND VEGETATION PARAMETERS FOR THf. INFIL- 8 3050 
C TRAfION SU8ROUTINE. 8 3060 

VDMAX(ZONf)=VDMAX(ZONE).CRPVD( KK )*PCKROP(70NE. KK ) 8 3070 
850 VEG(ZONE)=vEr,(70NE)+ACKK)*PCKROP(ZONE.KK) 8 3080 

WR IT F.: ( I PR Ph 1q) 7ONE. ( (CPOPS (KK. K) • KI<= 1 • i? I • ROP (K) • K= 1 • NI<POP) 8 3090 
19 FORMAT('OlONF 1.12.6C3X.2A4.'=I.F5.1.1~')/7X.4(3X.2A4"='.F5.1. 8 3100 

1 ''1-'» 8 3110 
Y=Y+l 8 3120 
GO TO 7PO 8 3130 

2? FOPMAT(2A4.T?7(A3.1i.?1X» 8 3140 
23 FORMAT('INn MATCH FOR CPOP NAMF,.2A4J' ON WATERSHED. CLANUSE) ') 8 3150 
24 FORMAT('lN() MATCH FOR OPFRATION '.A::I.'. (GIGEN) ') A 3160 
2~ FORMAT('l'.'~I CURVFS'111X.IWEFK TEMP 1.2X.l012X.2A4» 8 3170 
26 FORMAT(4X.Tl.2X. F6.2. 10F10.2) 8 1180 

860 WR!TE(IPRIN.A61)IYR 8 3190 
861 FORMAT('OPAN EVAPORATION FOR YEAR 19' .12.' FOLLOWS.') 8 3?OO 

C QEAD PAN EVAPORATION DATA FOR THE YfAR. 13 3?10 
RFAn (IREAD.Af,2) (PAf\lCLl .L=I.C;?) 8 3;;>20 

862 FORMAT(48X.4F8.3) fl 3230 
DO A70 1<=1011 8 3240 
I<K:::I<*4-3 8 3?50 
KKK=K*4 8 3260 
WRITF.:(IPRIN.~f,1)KK.(PAN(L).L=KI<.KI<K) A 3270 

863 FOPMAT('OWFFK I,I3.SX,4FIC;.3) 8 3?80 
870 CONTINUE A 3?90 

PAGF=2A. 8 3300 
RETURN 8 3310 

880 STOP 8 3320 
END 8 3330 

http:FORMAT(4X.Tl.2X
http:VEG(ZONE)=vEr,(70NE)+ACKK)*PCKROP(ZONE.KK
http:PCKPOP(70N~.KK)=ROP(KK)*.01
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SU~QOUTINF. OUTPUT IRAYR.OAYCN,DAVET.ETYR,EYR,ICNT,JS,RATN, 
ISF,ST,TAWS.TF.,TET,TOTCN,TOTET,TRA,TRAN,YEARLY,XDAY,QH01 

COMMON AIIOI ,ACRES,AWCI4,4).AOL,8VD.CI4.41.CASCI41,CDPTI4I,CHIN, 
ICM,CON1,CON?,CROPSI2,IOI,CRPVDIIOI ,CVOLI4,4I,DI14I,DAILY,DA~0112I, 
2DELE,DELET.DELFI41.0ElPI)00I,DELQI41.DELQZI41.0ElTI30OI,DELTF.DET. 
3DPE 141 .DQO 141 .E.EL 14.21 .EP.ETEP I 101 .ETl 14.21 .FC 141 .FIL 141 ,G 14,41. 
4GA Z I 101 ,G I 1 101 •GIG I 10,52 I • I REG. I DAL 1', I HYD, lOvER. I PR IN, I READ. I RO T A 

COMMON ITAPF,ITIL.IYDAy.IYR,IYRI.JULI50I,KCUlCIO.IOI,KDATECI6.101, 
IKNOCIO).KONT.M!41.MDYCSI.MHRISI.MINCSI.MlST.MOCSI.HSTOR.MYPISI. 
2NCHF.K,NE,NKROP,NST,NUML.NUMZ,NWEEK,OLDGII4I,OVAC41.0VLI41, 
3PABE,PANIS?I,PCASI4I,PCKROPC4.IOI,PCZONCSI,PEAK.PREr.IP,QIC4,4). 
4QLI14.4I,QMAXI4,SI,QOI(4),QOPKC4I,QZC4I,RI.RDELT,ROOTOlIO) 

COMMON RUNONCSI,SAI14,41.SCNI4.4I,SOQOI41,SFLI4.21.SETLC4,21.SGI. 
ISGR(4).SLI4l.SMAXI4.41.S0ILDI41.SQLI4.4I,SRUNONC41.SUBPUTI51. 
?SUMFTC41 ,SI]MCN(4) ,TEMPI5?1 .TIMISI .TIME,TLllOI .TOPD(4) .TP.TUllOI, 
3VDI4I,VDMAX(4).VEGI4).VOL,ZGII4).ZONE.WPPI14),WPP214) 

DIMENSION I")AYCNI4) .DAYET(4) .EVP(4) .IDUMI41 .SF(4) .TOTCN(4), 
ITOTFT(4),T~MI14).TSM2141 

INTEGER ZONF 

REAL M 

DATA IDUMI 4 ° 2H I 


C 24 HOURS OF ROUTING INTERVALS HAVE BEEN
C CALCULATED. THIS ROUTINE PRINTS STANDARD
C DAILY SUMMARY. 
C CFS = MEAN DAILY CFS FOR THE WATERSHED.
C DAILY= DAILY WATERSHED SURFACE INCHFS OF 
C THE SUM OF CHANNEL PLUS SUBSURFACE
C PUNOFF. 
C OAYET= nAILY ZONE SURFACE INCHES OF 
C FVAPOTRANSPIRATION.
C TSM = ZONE SURFACE INCHES OF WATER FLOW
C FOR THE ROUTING INTERVAL IN THE
C SOIL AT 2400 OF THE JULIAN nAY
C TO BF PRINTED. 

DAILY=DAILY+TBWS 

CFS=DAILyol.00830ACREsoRHD 

DO 140 ZONF.=I.NUMZ 

DAYFTIZONEI=SUMETCZONEI-TOTETIZONE) 

TOTETCZONEI=SUMETCZONE) 

DAYCNIZONE)=SUMCNIZONEI-TOTCNCZONE) 

TOTCNCZONE)=SUMCNIZONE) 

EVPCZONE)=SFLClONE,I)+SELCZONE.2) 

TSM?CZONE)=SMAXCZONE.2)-SAICZONE.2)+WPP2CZONE) 


140 TSMI CZONE)=SMAXCZONF,I)-SAICZONF..I)+WPPICZONE) 
If CPAGE-2B.) 16001500160 

150 PAGF=I. 
WRITECIOALy.2)IYR.CIDUMCZONE).ZONE.70NE=I.NUMZ) 

2 FORMATI'IDAILY SUMMARIES FOR YEAR 19'.I2/I5x.'RUNOFF'I' DAY RAIN 
lINCHES CFS '.4CA2.8x.' ZONE'.I2.7XI)

WRITE C IDALY,3) C IDUMCKI .K=l ,NUl'll) 
3 FORMAT" '.?5X,4CA2,' QO ET:E GR SMI:2',JX» 

C PRINT STANDARD DAILY OUTPUT. 
160 WRITECIDALV.4)IYDAY,RAINtDAILV.CFS.CSDQOCZONE).DAYETIZONE).

I DAYCN I lONE) • TSM 1 C ZONE) • lONE= 1, NI/MZ) 
4 FORMATI' '.I3,F6.2,F7.3,IX,FB.3.4C2X.F6.2.FS.2.F6.3.F5.2» 

WRITECIDALY.RI CEVPCZONE).TSM2 C70NEI.ZONE=I.NUMZI 
A 	FORMATC' '.?5X.4CRX.F5.2.6X.F5.2» 


XDAY=IVDAY 

PAGF=PAr,E+I. 


C INCREMENT THF JULIAN DAY AND CHECK TO 
C SEE IF THE STORM OUTPUT HAS BEFN REQIJES-
C TED FOR THF NEW DAY. IF STORM OUTPUT IS 
C REQUESTED. SET INDICATORS AND PRINT 
C 	 HEADERS. 

IYDAY=IYDAY+l 
IF(NSTlI80.??OolAO 


180 IF(JS-NST)190.190.200 

190 TEST~IVDAY+IYR01000 


ST=O.O 

IFCJlILCJSI-TESTl 200.210.200 


200 MSTOfl=O 

GO TO 220 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
q 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
Q 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
q 

9 
9 
9 
9 
9 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
1"10 
180 
190 
200 
210 
220 
230 
240 
250 
?60 
210 
280 
290 
300 
3iO 
320 
330 
340 
3'50 
360 
370 
380 
390 
400 
410 
42G 
430 
440 
450 
460 
410 
480 
490 
'i00 
'il0 
<;20 
530 
<;40 
550 
'i60 
570 
'iBO 
590 
600 
(,J 0 
f,20 
F.30 
640 
650 
660 
610 
6AO 
690 
100 
710 
720 

http:WRITECIDALY.RI
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INITIALIZE OETAILED ROUTING VALUES. 

210 MSTOR=l 


TPA=O. 


C 

J~=JS+l 
WRITE(IHYD,~ IYR, IYDAY 

5 FOR~AT('l~TORM HYOROGRAPH FOR YEAR 19',12.'. DAY '.r3 ) 
WRITE(IHY[l .hl 

6 FORMAT(' TTME RAIN VOL RUNOFF VOL (INCHE~) RUNOFF RAT£S(AVG 
I P·J/HRl'.7l<,' AVG CFS'I ' (INCHfS) CHAN SUB TOT 
2 CHAN SUB TOT T01' ) 

WR IT I:: (lOVER, 7) I YR. I YDAY. (t OUM (ZONE) ,ZONE. ZONE. ZONF, ZONE= I. NUMZ) 

7 FORMAT('lOVFRLAND FLOW HYOROGRAPH FOR YEAR 19'.12.' DAY '.13.1/' 

ITI~F RAINT'.4(A2.' QO Z',II,IX,' 01 Z'.ll,IX.' SF Z'. 

211) ) 

ST=O.O 

DO ?qO 70NF=1.NU~Z 


290 SF(70NE)=0.0 

220 ETYR=ETYR+TFT 


BAYR=AAYR+TRI</S 

T8WS=0.0 

TfT=O. 

EYR~EYR+TE 

TF=O. 

PFAK=O. 

Yf.ARLY=YEARLY+()ATLY 

DAILY=O. 

TRAN=RAIN+TRAN 

RfTURN 

ENO 


9 730 
q 740 
9 750 
q 760 
9 770 
9 780 
9 790 
9 ROO 
9 AIO 
9 11?0 
9 R30 
9 A40 
9 A50 
9 A60 
9 A70 
9 BRO 
9 R90 
9 900 
q 910 
9 920 
9 Q30 
9 940 
9 950 
9 960 
q 970 
9 980 
9 990 
9 1000 
9 1010 

http:P�J/HRl'.7l
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SUBROUTINE PARAMS IMZ.N~FG,PAAS.SNO.THA~) 10 10 
C THIS ROUTINE READS ALL OF THE INPUT 10 20 
C PARAMETERS AND INITIALIZES SOME VALUES. 10 30 

CO/O!MON Alln) .ACRFS.AWCI4.41.ROL.BVD.C(4.4) .CASC(41.CDPT141 ,CHIN. 10 40 
lCM,CONI.CON?CRDPSC2ol0) .CRPVDCI01.CVOLC4.4) .Dl (4) .OATLY,DAMOCI2). 10 50 
2DELE,DELET.DELF(4).DELP(300),DELOC4).DELOZI4).DcLTI30O).DELTF,DET. 10 60 
30PE(4) ,DOO(4) ,E,ELI4.2) .cP,ETEP!lO) .ETLC4.2) .FC(4) .FILC41.G14,4). 10 70 
4GAZIIO).GII10).GIG(10.S21.1BEG,IOALy.lI-iYD.IOVER.IPRIN,IPEAn.p~OTA 10 80 

COIo4MON ITADE.ITIL,IYDAY,IYR,IYRl,JULiSO) ,KCULCI0.I01 ,KOATE(10.10). 10 gO 
lKNO(10) .KONT,"'!4, ,MOYIS) .MHR(5) ,MINIS) , to41ST.MO(5) .MSTOR ...,IYRIS). 10 100 
2NCHEK'NE.NKROP.NST'NUML'~MZ.NWEEK,OLDGI(4) ,OVAI41,OVL(4), 10 110 
3PAGE,PANCS?) .PCAS(4) ,PCKPOP(4tlO) .PCZON(5) ,PEAK,PRECIP.Ql (4.4). 10 120 
4QLl 14,4) ,Q"4AX 14.5) .aOl (4) .aOPK (4) .Q7 (4) ,Rl.ROELT.ROOTD II 0) 10 130 

COMMON RUNON(5) .SAI 14.4) .SCNI4.4) ,SDaO(4) .SELC4.2) .SETLI4.2) .561. 10 140 
lSGR (4) ,SL (4) .S/04AX 14.4) .SOILO (4) .SQL 14.4) ,SRUNON (4) ,SUBPUT CS), 10 150 
2SUJo.lfT(4) .SUMCN(4) .TEMPI5?) .TIMI'i) .TIME,TLCI0) ,TOPD(4) .To.TunO), 10 160 
3VO (4) ,VOIo4AX (4) ,VEG (4) ,VOL.ZGI (4) .ZONE,WPPI (4) ,WPP2 (4) 10 170 
DI~ENSION C0>4ENT(40) 010SISO) dDUM(4) oIt-lSISO) oIYS(SO) ,LOC!2.4). 10 180 
lLOCAT(2)'1047C4.4).aMAXLIS)'PERCT(4.4).RANG(4,4).~NOI4).XX(4) 10 190 

INTEGER ALLU,CHAN.NO.VES.ZONE 10 200 
RfAL M.HZ 10 210 
DATA YES,NO.CHAN,ALLU.IDUM/4HYFS ,4HNO ,4HrHAN,4HALLU.4 0 2H / 10 220 
WRITEIIPRINolOI 10 230 

C SET A TABLE OF ALPHA RESPONSES AND 10 240 
C THE ASSOCIATED CODES. 10 750 
C SET BLANKS TO BE USfD IN FOPMAT 10 760 
C CDNTROL. 

READ(lREADol3) COMENT 
WRITECIPRINol9) COMENT 

C READ DATES FOR WHICH D[TAILfD 
C FORMATION IS REQUESTED AND SET 
C DAY ARRAY FOR THOSE DATES. 

DO 160 NN=1.5 
IS2=NN°IO 
ISl=IS2-9 
REAO(IREAD.17) (II4S(K) ,IDS(K) .IY<'(K) ,K=IS1.1S2) 
DO 160 KK=151,IS2 
IF(IMSCKK)-1)100.110.120 

100 NST=KK 
JUL(KK)=O 
GO TO 170 

110 JUL(KK)=IOSIKK) 
GO TO 160 

120 KM=IMS(KK) 
IFCIVSIKK)-4~(rYSIKK)/4»150'130.1S0 

130IF(IMS(KK)"?11S0ol50ol40 

140 JULIKK)=IO~IKK).DAMO(KIo4_I)+1 


GO TO 160 

150 JUL(KK)=ID~(KK).OAMO(I(t-l_l) 

160 CO~TINUE 


NST=51 

170 NN=NST-l 


IFINN)220.?20,IAO 

IBO Wr,ITECIPRIN.2)IIMS(K).IOSII(),JULClO,IYS(K).K=I.NN) 


10770 
10 280 
10 290 

ROUTING IN- 10 300 
UP A JULIAN 10 310 

10 320 
10 330 
10 340 
10 350 
10 360 
10 310 
10 180 
10 390 
10 400 
10 410 
10 420 
10 430 
10 440 
10 450 
10 460 
10 470 
10 480 
10 490 
10 500 
10 S10 
10 520 
10 ~30 
10 540 

2 FORMAT('OSTORH HYOROGRAPHS WILL BE PRI~TED FOR THE FOLLOWING OATES 10 550 
1:·,//5X.' 1040 DAY (JULIAN) YP1 14CSXoI3.1X,J3.4Xd3.2Xd3ll 10 560 

00 190 N=I.NN 10 ~70 
190 JIILIN)=JULCN)+!YSCN)<>1000 10 5AO 

C ~ORT .DUE TO ASSUPE CHPONOLOG I CAL OROFR. 10 590 
DO 210 N=I.NN 10 600 
DO ?10 J=N.NN 10 610 
TFST=JUL(N)-JUl(Jl 10 620 
IFCTEST)210.210,200 10 630 

200 X=JUL CN) 10 640 
JUlIN)=JUL(J) 10 6S0 
JUlIJ'=X 10 660 

210 CONTINUE 10 670 
GO TO 230 10 6AO 

220 NST=O 10 690 
WRITECIPRIN.3) 10 700 

3 FOR~ATC'ONO STORM PRINT OUT I~ REQUfSTcO.') 10 710 

http:Wr,ITECIPRIN.2)IIMS(K).IOSII(),JULClO,IYS(K).K=I.NN
http:REAO(IREAD.17
http:PEAK,PRECIP.Ql
http:KOATE(10.10
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C READ THE GENERAL WATERSHED PARAMETERS. 10 720 
230 READ(IREAD.14) ACRES.XZON,XLAY.REG.XKRP,GR.LOCAT.IHIST 10 130 

WRITE(IPRIN.21l ACRfS.X70N.XLAY,REG.XKRP.GR,LOCAT.IHIST 10 740 
NlII-4Z=XZON 10 750 
NUML=XLAY-1. 10 760 
NREG=REG 10 770 
Nt<ROP=XKRP 10 780 

C CHECK THE INPUT TO SET UP THE LAND 10 790 
C USE CHANGE CODE (IROTA). 10 AOO 

IF(LOCAT(1).fQ.YES) GO T.O 231 10 810 
IF(LOCAT(1).EQ.NO ) GO TO 234 10 820 

233 WRITE(IPRIN.?37) 10 A30 
237 FORMAT('OALPHA INPUT DOES NOT MATCH ANY CORRECT RfSPONSE') 10 840 

STOP 10 A50 
234 IROTA=O 10 860 

GO TO 232 10 870 
231 IROTA=l 10 Fl80 
232 IF(IHIST.En.YES GO TO ?35 10 890 

IF(IHIST.Eo.NO GO TO 238 10 <100 
GO TO 233 10 ,_ J 

23A ITIL=O 10 920 
GO TO 236 I' "130 

235 ITIL=l hI 940 
236 WRITE(IPRIN.22) 10 950 

C READ THE ZONE PARAMETERS. 10 960 
DO 250 ZON~=l.NUMZ 10 970 
REAO(IREAD.l~)XZON.PCZON(ZONE).OVL(70NE).SL(ZONEl,FC(ZONE). 10 980 

ITOPO(ZONE).SOILO(ZONE).WPPl(ZONE).WPP2(ZONF) 10 990 
CVOL(ZONE.1l=0.0 10 1000 
CVOL(ZONE.4l=0.0 10 1010 
IZON = XZON 10 1020 
WRITE(lPRIN,?31IZON.PCZON(ZONE).OVL(ZONE),SL(ZONE),FC(ZONE). 10 1030 

1TOPO(ZONE1.SOILD(ZONE),WPP1(ZONEl.WPP2(ZONEl 10 1040 
WPP1 (ZONE)=WPP1(ZONE)*TOPO(ZONEl*0.01 10 1050 
WPP?(ZONE)=WPP?(ZONEl*(SOILO(ZONE)-TOPD(ZONEl )*0.01 10 1060 
00 245 LAYFR=3.4 10 1070 
AWC(ZONE.LAYER)=O.O 10 1080 
RANfl(ZONE.LAYER)=1.0 10 1090 

245 PERCT(ZONE.LAYER)=O.O 10 1100 
PCZON(ZONE)=PCZONCZONE)*O.OI 10 1110 

C CHECK THE ORDER OF THE INPUT CARDS. 10 1120 
IF(ZONE-I70N)240,250.240 10 1130 

250 CONTINUE 10 1140 
GO TO 255 10 1150 

240 WRITF.(IPRIN.?O) 10 1160 
STOP 10 1170 

255 WPITE(IPRIN.?41 10 1180 
C PEAD THE SOIL PARAMETERS. 10 1190 

10 1<'00 
C SAl IS TEMPORARILY REDEFINED HERE TO MEAN iO 1210 
C ANTECEDENT MOISTURE. 10 1220 

REAO (IREAD.1'i) XZON." (ZONf.1) .AWC (ZONE, 1) ,SAl (ZONE,l) ,CVOL(ZONF.;.l). 10 1?30 
1G(ZONE,2).AWC(ZONE.?).SAl(ZONE.?).CVOL(ZONE.2) 10 1240 

SA1(ZONE.31=0.O 10 1?50 
SII1(ZONE.41=O.O 10 1260 
IZON=XZON 10 1270 
WPITECIPRIN.?5)IZON.fl(ZONf.1),AWC(ZONF.1),SII1(ZONE.1),CVOL(ZONf,l) 10 1<'80 

1.G(ZONE.2).AWC(ZONE.2).SA1(ZONE.2).r.VOL(ZONf.2) 10 1290 
00 300 LAYFR=l.? 10 1300 
TEST = SAl (ZONF..LAYER)-G(ZONE.LAYER)-AWC(ZONE.LAYERl -0.000001 10 1310 
IF(TEST)270.270.260 10 1320 

260 SII1(ZONE,LAYER)=G(ZONF,LAYER)+AWC(ZONE.LAYEP) 10 1330 
270 TEST= SA1(70NE,LAYfR)-AWC(ZONE.LAYER) 10 1340 

IF(TEST)280.?80.290 10 1350 
280 RANG(ZONE.LAYER)=O. 10 1360 

PERr.T(ZONE.LAYEP)=l.-SAl(ZONE,LAYER)/AWC(ZONF.,LAYER) 10 1370 
GO TO 300 In 1380 

290 RANG (ZONF.LAYFR)=1.0 10 1390 
300 SA1(ZONE.LAYER)=SA1(ZONE.LAYER)/(GCZONE.LAYfR).AWC(ZONf.LAYER» 10 1400 

[F(ZONE-XZON )240.310.240 10 1410 
310 CONTINUE 10 1420 

C READ ROUT! Nfl PARAMETERS. CNANNEL VALUES. 10 1430 
C INITIAl. SNOW COVER AND THAW. 10 1440 

http:PCZON(ZONE)=PCZONCZONE)*O.OI
http:ZONE)=WPP1(ZONE)*TOPO(ZONEl*0.01
http:WRITE(IPRIN.22
http:IF(IHIST.Eo.NO
http:IF(LOCAT(1).EQ.NO
http:READ(IREAD.14
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RfAOCIREAD.I'i)qOfLT.CM.RI.ASNOW.THAW 
WRITECIPRI~.26)ROELT.CM.RI.ASNOW 

DO 315 ZON~=I.NUMZ 

SNOCZONE)=qSNOW 

DO 315 LAYFR=1.4 


315 	MZCZONE.LAYFR)=O.O 

IFCNUML)32Q.120.350 


320 	 MCl)=O. 

M(2)=0. 

Q/04AXLIll=O.O 

DO 340 ZONF=I.NUMZ 

QMAXCZONE.I)=O.OOOOOOI 

QMAXCZONE.~l=O.OOOOOOI 


GIZONE,1)=TnpDIZONE)~GI10NE.I)~0.01 


AWCIZONE.Il=AWr.IZONF.I)~TOPDCZONE)*O.OI 

X=SOILDCZO~Fl-TOPD(ZONEl 


AWCIZONE,21=AWCIZONf.2l~X*O.01 

GCZONE,2l=r,C70NE.2)~X~O.01 


C 	 INITIALIZE ~T.RTING PORO~ITY. 
DO :no L=I.? 

C ~Al INITIALL Y READ AS 't\ ASM; IF NO RETURN 
C FLOw. CONVERT ~AI TO AIR SPACE. 

330 SAICZONF,L)=CI.-SAIIZONF.L»~CAWCIZONE.L)+GIZ0NF.L» 
CIZONE.l)=FCCZONEl 

340 CIZONF,2)=r,R 
GO TO 500 

C READ THF RECES~ION AREAKPOINTS FOR 
C ~UBSURFACF RETURN FLOw ROUTTNG. 

350 READ CIREAO.31) WMAXL Cll.M Cll .L=I.NIIMll 
WRITECIPRIN.27) IL.OMAXLCL),MCL),L=I,NUMLl 
QMAXLCNUML+I)=O.O 

C COMPUTE MI AND M2 FOR EACH ZONE. 
C ASSUMPTIONS: IOERIVED EMPIRICALLY 
C PENDING FURTHER RESEARCH) 
C OMAX=FC*IGCl)/GC2)l~*2*CW/L RATTO OF 
C 70NEl*GRAD!ENT OF ZONE 
C MCLl=FREEwATER AT SATURATION/QMAX 
C MIL)=OFPTH~GC2l~*2*OVL~*2~CSL**2+1)**0.5/ 
C CFC*GCLl*ARFA*SLl 

00 364 70NE=I.NUMZ 
CON~T=GCZONF.2)~*2.*OVL(10NF)*~?~CISLCZONf)*.01)*~2.+1.0)~*0.'i/ 
lCFCCZONEl*~LCZONE)~ACRE~*4'560.*PClONCZONE» 

IF IM!l) l 3<;9.359,360 
C IF M FOR THF LAYER IS KNOWN TO AE ZERO. 
C LCAVE IT. 

359 	M1CZONE,ll=O. 
GO TO 361 


360 MZC70NE.Il=CONST~TOPOCZONE1/GC70NE.I) 

361 IFC~(2)l 363.363.362 

363 MZC70NF.2l=O. 


GO TO 364 

362 MZCZONE,2)=CON'iT~CSOII OIZONE)-TOPDCZDNE»/GCZONE.2)

364 	 CONT I NUE 

C IF RETlJRN FLOW OCCURS IN WATERSHED. DIS-
C TAIRUTF STORAGES OF RECESSION FLOw REGIMES 
C 3 AND 4 IN PROPORTION TO 
C TOP SOIL G VALUES OF ZONFS. 

390 	SGl=O.O 

00 400 ZONF=I.NUMZ 

GIZONE,l)=TOPDCZONE)*GCZONF..I)*O.OI 

AWCCZONE,I)=AWCCZONE,I)~TOPD(ZONE)~O.OI 
X=SOILDCZONF)-TOPD(ZONE) 
GIZONE.2)=GI70NE.2)~X~0.Ol 


AWCIZONE'?)=AWCI70NE,2)~X*0.01 

400 	 SGI=SGI+ GIZONf,I)*PClONCZONE) 


DO 480 ZONF=l,NU~Z 


QMAXIZONE,NIIML+Il=GR 

XXIZONE)=GCZON~.I)~PCZONIZONE)/SGI 
[F(NUML-2)44n,450.420 


,"20 DO 430 LAY~P=3.NllML 


MZIZONE.L~YFR)=M(LAYER) 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1450 
1460 
1470 
14DO 
1490 
1<;00 
l'il0 
1"i20 
1<;30 
1540 
1550 
1<;60 
1570 
1"80 
15<)0 
1600 
1610 
1620 
IF.30 
1640 
1650 
1660 
1670 
1(,80 
IF.90 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
Hl(>O 
IR30 
IR40 
IA50 
lR60 
lIHO 
lRAO 
11\90 
l'lOO 
1910 
1'l20 
1930 
1940 
1'l50 
1'l60 
1'l70 
1980 
1990 
?OOO 
2010 
2020 
(>030 
?040 
?050 
21)1'>0 
2070 
?ORO 
20'l0 
2100 
2110 
?120 
?130 
2140 
?150 

http:AWCIZONE'?)=AWCI70NE,2)~X*0.01
http:GIZONE.2)=GI70NE.2)~X~0.Ol
http:AWCCZONE,I)=AWCCZONE,I)~TOPD(ZONE)~O.OI
http:WRITECIPRIN.27
http:IREAO.31
http:GCZONE,2l=r,C70NE.2)~X~O.01
http:AWCIZONE,21=AWCIZONf.2l~X*O.01
http:AWCIZONE.Il=AWr.IZONF.I)~TOPDCZONE)*O.OI
http:GIZONE,1)=TnpDIZONE)~GI10NE.I)~0.01
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430 G(ZONE.LAYFR)=M(LAYFR)~QMAXL(L4YER)~XX(ZONE)/Pr.ZON(ZONE) 10 <'160 
GO TO 450 10 ::>]70 

440 MZIZONE.2)=0.0 10 2180 
QMAX(ZONE.?)=FC(ZONE) 10 2190 

C IF ONLY ONE LAYER OF RETURN FLOW. CONVFRT 10 2200 
C SAl TO AIR SPACE. 10 2210 

SAlIZONE.2)=(1.-SAIIZ0NE.2»~(AWCIZONE.2)~xo.01.GIZONE.2» 10 2220 
C(ZONE,2)=r:;p 10 ??30 
C(ZONE.l)=FCIZONE) 10 ??40 
GO TO 470 ] 0 ??50 

450 KNUM=NUML-l 10 2260 
DO 4~1 LAYEP=l.KNUM 10 2270 
IF(M(LAYER» 459.459.460 10 2;Z80 

459 QMAX(ZONE.LAYER)=O.O 10 ?290 
C(ZONE,LAY~R)=FC(ZONE) 10 2300 
GO TO 461 10 2,10 

460 QMA~(ZONE.LAYER)=G(ZONE.LAYER)/MZ(lnNE.LAYER) 10 2320 
C(ZONE.LAYER)=r.(ZONE.LAYER+})/MZIZONE.LAYER+l)·r.R 10 2330 

461 CONTINUE 10 2140 
C (ZONE. NUMLl =GP 10 2::150 

470 QMAX I ZONE. NUMLl =G I ZONE. NllMU/MZ I ZONF. NUMLl 10 ?360 
480 CONTINUE 10 2370 

WRITEIIPRIN.4) IIDUM(ZONE).ZONE.70NE.ZONE=1.NUMZ) ]0 23AO 
4 FORMATI'O'.'COFFFICIENTS AND MAXIMUM Q"S PPOPORTIONED TO 70NES AC 10 ?":l90 

1COROING TO TOPSOIL OEPTH'112X.'REGIME'.4IA2.~X.'M Z'.11.6)(.'Q Z'. 10 ?400 
2ll.2X» 10 2410 

DO 490 LAYFR=l.NUML 10 2420 
490 WRITE(1PRIN.,)LAYER.lMZIZONE.LAYER).QMAXIZONE.LAYER).ZONE=l.NUM1) 10 2430 

5 FORMATI' '.2X.I2.9X.4IF9.2.4X.FA.6.SX» 10 2440 
500 IFINUMZ-l)690.690.700 ]0 2450 
690 PBAS=O. 10 2460 

IF INUML-ll 620.520.520 10 2470 
700 N"'Z=NUMZ-l 10 2480 

C READ CASCADF PAPAMETERS. 10 2490 
READ(IREAO.16)PBAS.IPCAS(ZONE) .(LOC(K.70NE).K=l.2).70NE=I.N,..Z) 10 ?,OO 
WRITEIIPRIN.?8) IZONE.PCA~(ZONE).ILOCIK.ZONE).K=1.2).ZONE=1.NMZ) 10 2<;10 
WRITE(1PR1N.?9) NUMZ 10 2<;20 
WRITEI!PRIN.301 PSAS 10 ;:><;30 
PBAS=PBAsoO.Ol 10 2<;40 
IF(NUML-11620.'20.520 10 ;>550 

520 DO 610 ZONE=I.NUMZ 10 2560 
C INITIALIZE ~TORAGES AND RATES IN SURSUP- ]0 2570 
C FACE FLOW REGIMES. SAl STILL = ASM 10 ?5AO 

DO 610 LAYFR=l.NUML ]0 ?<;90 
IF(MZ(ZONF.LAYERl1550.550.521 10 2600 

521 X=QMAX(ZONF.LAYER) 10 2610 
IF(ZONE-NUM7) 524.522.52? 10 2620 

524 Xl=R1·PBAS/ll.-PCZONINUMZll ]0 2h30 
GO TO 523 10 2/',40 

522 X1=Ploll.- P AASl/PCZON(NUMZ) 10 ?650 
523 IFIXI-Xl530.,90.590 10 2660 
530 IF (Xl)!,50.5<;0.540 10 2/',70 

C CONVERT SAl TO AIR. ]0 2h80 
540 SAl(ZONE.LAYER)=ll.O-Xl/X)~GIZONE.LAYER) 10 2690 

Q1 IZONE.LAYER)=IG(ZONE,LAYERl-SAIIZONE.LAYFP»/MZIZONE.LAYER) 10 <,700 
GO TO 600 10 2110 

550 IFIRANGIZONF.LAYER»570,570,560 10 <'720 
560 SA1IZ0NE,LAYER)= GIZONE.LAYFR) 10 2130 

GO TO <;AO ]0 2740 
510 SAl (ZONF.LAVFR)=G(lONE.LAYER)+DERCTIZONE,LAYERl~AWCIZONF,LAYER) 10 2750 
sea Q] (70NF..LAYFP)=O.!l 10 ;>760 

GO TO 600 10 ?770 
590SAIIZ0NE.LAYER)=0.0 1 0 2180 

Q] (ZONE.LAYER)=QMAXIZONE,LAYER) 1 0 21Qo 
600 QLlrZONE,L~YER)=O.O 10 21\00 
610 CONT1NUF. 10 2AI0 
620 DO ~70 ZONF=l.NUMZ 10 2A20 

eVOl (7.0NE.l)=CVOL(ZONE.])~TOPD(ZONE)~0.01 10 2R30 
X=SOILD(ZONE)-TOPDIZONE) 10 2A40 

10 ?1\50 
IF(CVOLI10NE.]!)630.630.640 10 21\bO 

630 COPT(70NE)=0.0 10 ?A70 
GO TO 670 

CVOLI10NE.?)=CVOL(ZONE.2l~X~0.Ol 

10 ?AAO 

http:CVOLI10NE.?)=CVOL(ZONE.2l~X~0.Ol
http:7.0NE.l)=CVOL(ZONE.])~TOPD(ZONE)~0.01
http:524.522.52
http:PBAS=PBAsoO.Ol
http:2X.I2.9X.4IF9.2.4X.FA.6.SX
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640 IF(CVOL(lO~F.?11650.6S0.660 10 ~A90 
650 COPT(lONEI=I.O 10 ?QOO 

GO TO 670 10 ~910 
669 CDPT(ZONfl=?O 10 2Q20 
670 CONTINU. 10 2930 

IF(NIl1oI7.LF.11 GO TO 740 10 ?1l40 
DO 730 lONF=l.N~Z 10 ?QSO 
IFIPC.S(ZONfl-IOO.1710.7?0.710 10 21160 

710 IfO.OCn ,70>JEI.EG.CHANI GO TO 7?1 10 2970 
IF(LOC(I.ZONF;) .fO.ALLUI 110 TO 7?4 10 29RO 
GO TO 233 10 ?990 

724 CA~CI70NEI=I.0 10 3000 
GO TO 730 10 ,010 

721 CA~CIZONE)=O.o 10 3020 
GO TO 730 10 3030 

720 CASC(70Nf)=-I. 10 3040 
730 CONTINUf 10 1050 
740 PCASINU~ZI=IOO.O 10 1060 

CASC(NUIoIZ)=O.O 10 3070 
RI=D.O 10 ,ORO 
IF (NIJHL-I) 780.780,790 10 ,01l0 

780 NUML=2 10 1100 
790 00 A30 ZONF=I.NIlIoIZ 10 ,1I0 

PCAS(10NEI=PCASI70Nfl·0.01 10 3120 
VOIolAX(70Nfl=0.O 10 3130 
DO 820 LAYfR=I.NUML 10 1140 
IF(LAYER-?lROO,800,820 10 1150 

C CHECK INITIALIZED STORAGE VALUES. 10 3160 
800 TFST=CVOL(70NE.LAYEP)-AWC(ZONE.LAYEP) 10 3170 

IFITESTI820.820.810 10 3180 
610 CVOLIZONE.lAYERI=AWr(ZONE,LAYERI 10 3190 
820 5"A.IZONE,LAYER1=G(70NE.I.AYER)+.WC(ZONE.LAVfR) 10 3200 
830 CONTINUE 10 3210 

WRITEIIPRIN.~1 10 1220 
6 FORMAT('OTHF SOIL PARAMETERS IN INCHES FOLLOW. 10 3230 

? '/1' ZONE LAYFP G AWC SA CRACKING C(INIHRI 10 3:>40 
3 TOPO sorLD'1 10 3250 

DO ~60 ZONF=I.NUIoIZ 10 ,~60 
WRITE(IPRIN.7)70NE.TOPD(ZONE) .~OILDClONE) 10 3?70 

7 FOP"AT(I I oTC;.5t;X,2F10.<'l 10 3?80 
DO R60 LAYFP=I,NUML 10 3290 
IF(LAYER-IIA40.840,BSO 10 3300 

840 liRITECIPRPJ.AILAYER.G(ZONE,LAYER) ,AWCCZONE.LAYER) ,~AI (ZONE,LAYER), 10 3310 
ICVOL (?ONE,LAYEP) ,CC]ClNE,1 aVER) 10 3320 

g FOR~AT( 1+1."i~, I5.4Flo.3.FI0.4) 10 3330 
GO TO A60 10 3340 

850 WRlTECIPRI"l.9lLAYER.GIZONE,LAYEP) .AWCCZONE,LAYEP) .~AI CZONE.LAYEP), 10 33<;0 
ICVOL(ZONE,LAVEP).C(70NE.LAYER) 10 3~60 

9 FOR"AT(' I.SXoTS,3F IO.3.FIO.3,FIO.4) 10 3370 
860 CONTINUE 10 3380 

RETURN 10 3390 
10 FORMATC'I'."X,IUSDAHL "74 MODEL OF WATERSHED HYDROLOGY',40X, 10 1400 

1 ' 2-74296 ' /1) 10 3410 
13 FOP"AT(20A41 10 1420 
14 FOPMATC6F8.?3A4) 10 3430 
l"i FORM~T(IOFA.?) 10 1440 
31 fOR"AT(9FR.O) 10 3450 
16 FORMATCFA.?3(F8.c.2A4) I 10 3460 
17 FOR"AT(10(1T??X)) 10 3470 
19 FOR"'AT('OI,{' '.20A 4 11 10 3480 
20 FORMAT('IPARAH~TFR INPUT CARDS ARE OUT Of ORDER OR IMPROPERLY 10 ,490 

IPUNCHECl. F~FCUTION WILL AE TERMINATED.'l 10 ,"i00 
<'I fORMAT('OWATER5HEO PAPA~FTERS'I/15~,IACRES=I,F8.1,SX"NUHAFP OF ZO 10 3510 

INFS='.F4.1.5X.'RTG COEFF: TOTAL='.f4.1.3X"AAOVE WEIR=I.F4.1.5~. 10 3~20 
2'NUMqER OF CROPS=I.F4.II/SX,'DEEP GROUND WATER RECHARGE=',F8.5.SX. 10 3530 
3'DOFS LAND U~E CHANGE?I.IX,2A4.C;X.IDOES YEARLY TTLLAGE CHANGE?I, 10 3540 
4IX.A4) 10 35S0 

22 FORMAT(IOGfNFRAL ZONE PARAHETfR~'//15X,'70NE • lollS LEN~TH 10 3S60 
1 SLOPF FC DPTH TOP AERATED DPTH liP I'll 10 3S70 
2 WP?%') 10 3580 

23 FORMATI6X.l?6X,F5.1.6X.F7.0.7X,fS.?8X.F6.3,6X,F5.1.8X.fS.l,8X. 10 3590 
IF6.2.4X,F6.?I 10 3~00 

24 FnQMAT('OSnTL PARAMfTER5 1/1/,SX.'ZONE % GI % AWCI • AS 10 1610 
IMI • CI'IAKI ~ G2 % AWC2 • ASM2 % CRAK2') 10 1620 

25 FORMATC6X,y?7X.F5.1.SX.F5.1.5x.f5.1.5X,F6.2,10X,FS.I.5X,F5.I.liX. 10 3630 
I F5.1,4X.f6.?) 10 ,640 

26 FORHAT('OPOUTIN~ PARAMETERS'I//~X"CHANNEL POUTING nELT T.'.f7.3. 10 1650 
I' CHANNFL COfFFICIENT=I,f7.2.6X.'INITIAL STREAM FLO='.F9.5.6X. 10 3660 
2'INITIAL SNOW COVER='.F6.2) 10 1670 

27 FORMAT ( 'OSIJflSUQF/lCE PAR AM'; '/ / / I <;X. I REG I",E G-MAX 10 31i80 
I COEfFICI~~TI//CI5X.I2.13X.F7.5.IIX,F9.2)) 1031i90 

28 fOR",ATI'OCASCADING PAPAMfTERS'//15X.'ZONf % TO NEXT ZONE R 10 3700 
lEST GOES TO?'11(6X,I2,9X.F6.1.1<'X.2A4)) 10 1710 

29 FOP",AT( 5X"(100% OF ALLUVIUM (?ONE,.I2. 1) FLO GOES TO CHANNEL) I) 10 3720 
30 FORMATC5X., (%BASEFLn OIVEQTfO FROM ALLUVIUM=I,F6.1.,).) 10 3730 

END 10 1740 

http:FLO='.F9.5.6X
http:F5.1,4X.f6
http:RECHARGE=',F8.5.SX
http:PCAS(10NEI=PCASI70Nfl�0.01
http:IF(NIl1oI7.LF.11
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C 
C 

C 

C 

C 
C 
C 
C 
C 

C 

C 
C 
C 

C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

SURROUTINE PFRnUTIRTI~) 11 

CO~~ON A(I01.ACRES,AWCI4.4).AOL.AVO.C(4,4).CASC(4),COPT(4),CHIN, II 

lC~.CONl.CON?C~OPS (?.}O) .CRPVOIl0).C:VOL(4.4) ,01 (4) .nAILy.nAMO( I?), 11 

?OFLE.OELET.nELF(4).OELP(300).OFLQ(4).OELQZ(4),OELT(30O).OELTF.OET. II 

30PE (4) ,OQO(4) ,F,FL (4,2) .FP,ETEPIlO) .ETLl4.?).FC(41.FILl4) .(;(4,4). 11 

46/1.7 (10) .GI I I 0) .GIG (10 ,,)?) ,IREG. IO/l.LY, IHYD. lOVER, IPRIN, IREAf'l. IROTA 11 

CO~~ON IT/l.PF. ITIL, IYOAY.TY~. IYRI.JUL (50) ,KCUL (10,10) ,KDATE I 1 0, 10), II 


lKNO (10) ,KONT.M(4) ,MOY (5) .MHR (5) .HIN (5) ,MlST,MO (5) ,MSTOR.MYR (5). 11 

?NCHEK,NE,NKROP.NST,NUML.NUMZ.NwEEK.OLOGI(4).OV/I.(4).nvL(4). 11 

3PAGE, PAN (5;» • PCAS (4) • PCKROP (4, 10) • PCION (5) • PEAt<. PREr I P. Q I (4.4) • 11 

4QLl (4.4) • QMAX (4. '» • QOl (4) • QnPK (4) ,Q7 (4) • R I. ROEL T. ROOTO ( 10) 11 

CO~MoN RUNON(5).,)AI(4.4) .SCN(4.4),SOQO(4).SFL(4.2).SETL(4.?),Sr.I, 11 


ISGR (4) .SL(4) .SMAX (4.4) ,SOILO (4) .SQLl4.4) ,SRUNON(4) ,SU8PUT (5), 11 

?SlI~FT(4) ,suMrN(4) ,TF~P(5?) ,TIM('» ,TIME.TLlIO) ,TOPO(4).TP.TU(10), 11 

3VD(4),VOMAX(4).VEG(4).VOL,ZGI(4),ZO~IE.WPPl(4),WPP2(4) 11 


INTEGE"R ZO'IF II 

RF AL M II 


SET UP A FUNCTION TO CALCULATE THE II 

RIGHT-HAND SIDE OF THE EQUATION. 11 


FUNr(D.T,A)=?~O~T+A~O~~1.67 II 

THI,) SURROUTINE ROUTES PRECIPITATION II 

FXCESS OVFRLAND TO THE NEXT ZONF. THE II 

EQUATION OF OVERLAND FLOW IS: Q=OVA~oo~N. II 

INFLOW TO THIS SYSTEM IS PRFCIPITATION 11 

FXCESS. THE PROGRAM USES THF FOLLOWING 11 

FORM OF THE EQUATIONS. 2~OPEITIME-Ql+2 II 

~OI/TI~E=OVA~02~~OVN+2002/TIME wHERE OPE 11 

FQUALS rHANGE IN PRECIPITATION FXCESS. 11 

TIME=OELTA TI~E. QI=RATF nF RUNOFF /IT THE 11 

REGINNING OF TIME. Ol=sTnRAGE AT THF 11 

RFGINNING OF TIME. OVA=FUNCTION OF VfGF- 11 

TATION. SLOPE. AND LENGTH, 02=ENDING 11 

STORAGE. N=I.~67 ASSUMING TURBULENT FLOW. 11 

THE VALUE OF n? IS TTERATEO UNTIL THE TWO 11 

SInFS nF THF EQUATION 8ALANCE WITHIN .01. 11 

CALCULATE THE LEFT SIDE OF THE FQUATION. 11 


XLEFT=?,.oOPF(ZnNE)ORTIM-POl(ZONE")+2.o01IZ0NFJoRTIM 11 

IF (XLF.:FTl 11001100120 11 


IF THE INPUT PLUS STORAGE WILL NOT SUPPORT 11 

HALF THE RATE OF OUTFLOW AT THE AEGINNING 11 

nF DELTA TIME. THEN /lLL OF STORAGE AND 11 

INFLOW WILL RUN OFF IN THE DELTA TI~E. 11 


110 0?=0.0 II 

OPO (ZONE) =1)1 (ZnNE) +OPE (lONE) II 

Q02=0.0 II 

GO TO 250 II 


STORAGE AT THE END OF DELTA TIME WILL 11 

NOT AF LARGER THAN INFLOW PLUS PRfVIOU~ 11 

STORAGE MINUS HALF THE OIJTFLOW AT 11 

THE REGINNING RATE. II 


120 D?=KLEFToTT~Fon.5 11 

lISE THE fIRST ESTIMpTE OF STORAGE AT THf 1 ' 

FNO OF DELTA TI~E TO CALCULATE THE 1· 

RIGHT-H~NO. 1 ,: 


IF(ZGI(70NFI-OLOGI(ZONf»8.IO,R I I 

8 OVA(ZONfJ=(1470.-1225.~Zr,I(ZONEJoVEG(70NE»OSL(ZONE)OO.5/0VL(ZONE) II 


OLnGI(ZONE)=ZGT(ZONEJ ~I 

10 RTGHT=FUNC(n?,PTIM.QVA(ZONf» 11 


IF(RIGHT-XLFFT)240.240.130 II 

IF THE RIGHT-HAND SIDE OF THE EQUATION 11 

IS LARGER. REDUCE THE ESTIMATE Of ENnING 11 

STORAGE AND CHECK TO SEE IF IT J~ ZFRO. II 


130 x=n;:> 11 

O?=K-0.30 
 11 

IF(f"l2)150.1C;0,]40 11 


140 RIGHT=fUNCI02.RTIM.OVA(70NE» 11 

IF(RIGHT-KLFFT)150,240,I30 11 


150 O?=X-O.IO 11 

IF(02)180,180.160 II 


160 RrGHT=FUNC(O?,RTI~.OVA(ZONE» 
 I ] 

IF(RIGHT-XI FFTlIRO.;>4G.170 11 


170 x=O? 
 11 


10 

20 

30 

1,0 

50 

60 

70 

80 

90 


100 

110 

120 

130 

140 
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160 

170 

180 

190 

?OO 

?10 

?20 

230 

;;>40 

250 

260 

270 

280 

290 

300 

::11 0 
320 

330 

340 

150 

160 

370 

380 

390 

400 

410 

420 

430 

440 

450 

460 

470 

480 

490 

<;00 

<;10 

520 

')30 

<;40 

550 

'i60 

')70 

<;80 

<;90 

600 

('10 

620 

(,30 

(,40 

1\50 

660 

670 

.,ao 
1'>90 
700 

710 

720 


http:O?=X-O.IO
http:O?=K-0.30
http:FUNr(D.T,A)=?~O~T+A~O~~1.67
http:IYOAY.TY
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GO TO ISO 11 730lRO Oi?=x-O.Ol 11 740
IF(n2)210.?IO.190 11 750190 RIGHT=FUNCCO?RTJ~.OVAC70NE» II 760
IF(RIGHT-XLFFT)?10.240.?00 11 770

200 X=Il? 11 780
GO TO lRO II 790210 D2=X-0.00S 11 ROO
IF (n?) 110.II0.no 11 810220 RIGHT=FUNC(D?,QTJ~.OVA(70NE» II 820
IF(RIGHT-XLFFTl?30.230,240 11 R30

230 D2=)( 11 R40
C IIJHEN THE Two SInES OF THE EQUATION 1 1 1'\50
C RALANCE. CALCULATE THE RATE ASSOCIATED 11 A60
C wITH THE ITERATED STORAGF VALUE AND THE I 1 A70C VOLUME OF OIJTFLOW FOR nElTA TIMF. 11 880

240 Q02=QVACZONF)*O?**1.67 11 1'190 
DQOCZONE)=Ol (ZONE)+DPECZONEI-D? I 1 900C SAVE TI-iE VALUFS OF STORAGE AND RATE FOR I 1 910C THE NEXT DEL TA TIME. 11 9202'50 Dl(70NE)=D? 11 930
QOl(ZONF.):f'lO? 11 940
RFTURN 11 950
ENn 11 960 

http:Q02=QVACZONF)*O?**1.67
http:110.II0.no
http:Oi?=x-O.Ol
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SUAROUTINE POLLUT IIPAGE.RAIN) 
C AY GLORIA STILTNER TO PROVInE OUTPUT 
C FOR COMPUTATIONS OF SOIL EROSION AND 
C CHEMICAL TRANSPORT. 

COMMON AII0).ACRES.AWCI4. 4 ),BOL.BVO,CI4,4).CASCI4).CDPTI4),CHIN, 
lC",.CONl,CON2.CROPSI2,10) .CRPVOIIO) .r:VOLI4,4) .01 (4) .0AILY.OA,",011i?), 

4GA Z I 1 0) • G I ( I (I) • GIG 110. S?) • I REG. lOA L Y • I HYD. lOVER. I PR IN. I PEAO. I POT A 
COMMON ITAPE,ITIL.IYOAY.IYR.IYRl.JULISO).KCULI10.10).KDATEI10.10)· 

lKNOIIO) .KONT.M(4) .MDYIS) .MHRIS) ,MINIS) ,MIST.MOIS) ,MSTOR,MYRIS). 

i?OfLf.OELET.OELF(4).DELPI300).DELQ(4) .OELQZ(4).OELTI300).DELTF.OET. 
3DPE(4) .DQO(4) .E.EL!4.2) .EP.ETEPII0) .ETL!4.i?) .FC(4) .FIL(4) .GI4.4). 

?NCHEK.NE,NKROP,N~T,NUML.NUM7,N~/EEK,OLOGJ(4).OVAI4).OVL(4). 

3PAGE,PANI5?).PCAS(4).PCKROPI4.10).PClONIS).PEAK.PREr.tP.Ql(4.4). 
4Qll (4.4) ,Q"'AXI4.s) .QOl (4) ,QOPK(4) .Ql(4) .Rl.ROELT.ROOTDIIO) 

COM,",ON RUNnNISl.SAI14.4).SCNI4.4).SOQO(4),SfL(4.2).SETLI4.2).SGI. 
1SGR (4) .SL (4) .SMAX 14.4) .SOILO (4) .SQL 14.4) .SRUNON (4) .SUBPUT 15). 
i?SUMI;T (4) .C;UMCN (4) • TE,",P (S?) .TII-I (<;) .TIME. TL I 1(1) .TOPO (4), TP.TU (10). 
3Vn (4) .VD"'/lx (4) .VEG (4) .VOL.ZIH (4) .ZONE.WPPI (4) .WPP2 (4) 
DJ~FNSJON 5MI4.4) 
INTEGER ZONE 
REAL '"' 

C IF OUTPUT FRO'"' SUBROUTINE POLLUT IS NOT 
C WANTED. DUMMY THE WRITE ON DEVICE 9 BY 
C CHANGING THE DO CARD IN THE JCL TO 
C //JORX.FT09001 DO DUMMY 

IPOl=9 
IYDAYP=IYOdY-I 
DO 142 70W':=1.4 
00 142 LAYEP=1.4 

142 ~MI70NE.LAYFP)=0.0 
DO 141 ZONF=l.NUMZ 
00 141 LAYFR=I.NUML 

141S,",170NE,LAYFR)=SMAX(ZONE.LAYER)-SAIIZ0NE.LAYER) 
IFIIPAGF-IO)110.100.110 

100 IPAGF.=1 
WRITE I IPOL.]) 
FORMAT('IDAILY SUMMARIES 

I' '.'YRDAY TEMP FT 
2 CN GR 
3' '.' L1 
4 L 1 L2 L"'l L4 
54') 

110 00 120 70NF=I.NU,",Z 

FOR INPUT TO POLLUTION'/ 
EV QL 

DQO RUNON QOPK SM' / 

L1 L2 L3 L 
L2 L1 L2 L1 L2 L3 L4 

WRITEIIPOL.?)IYP.IYOAYP.TEMPINWEEK).ZONE.ISETLIZONE.LAYER),LAYER= 
11. i?) • I SEL I 70NE. LAYER) • LA YER= 1.2) • (SOL (ZONE. LA YFP) • LA YER= 1.4) • 
2ISCNIZONE.I.AYER).LAYER=I.4).SoQO(ZONE).SRUNONIZONE).QOPKIZONE). 
3ISMIZONE.LAYF.R).LAYER=I.4) 

? FORMATI' '.Ii?I3.Fs.l.1X,'Z',Il.15F6.3.4F7.3) 
120 CONTINUE 

WRITEIIPOL.3) 
3 FORMAT(lO') 

IPAr.E=IPAGF+l 
DO 140 ZON~=l.NUMZ 
QOPl(llONE)=O.O 
SOQO I ZONf.l =0.0 
SGRI70NF.)=0.f') 
SPIJNONIZONF)=O.O 
DO 130 LAYER=I.2 
SETl (ZONE.I.AYER)=O.O 

130 SELIZONE.LAYER)=O.O 
00 140 LAYFR=1.4 

140 SCNIZONF.LAYFR)=O.O 
RE"TI.IRN 
ENI) 

5Q.L IZO~JF.L"'YFR) =0.0 

12 10 
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12 ~80 
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12 80 
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12 120 

12 130 

12 140 

12 150 

12 160 

12 170 

12 180 

12 190 

12 200 

12 210 

12 220 

12 230 

12 240 

12 ?SO 

12 ?60 

12 270 

12 280 

12 290 

12 300 

12 310 

12 320 

12 330 

12 340 

12 350 

12 360 

12 370 

12 380 

12 390 

12 400 

12 410 

12 420 

12 430 

12 440 

12 450 

12 460 

12 470 

12 480 

12 490 

12 '>00 

12 '510 

12 520 

12 530 

12 540 

12 550 

1~ 560 

12 570 


12 620 

12 h30 

12 F,40 

12 650 


http:ITAPE,ITIL.IYOAY.IYR.IYRl.JULISO).KCULI10.10).KDATEI10.10
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SURPOUTINF POliTE (CIo1C. IRfGl.RPl.CHT"ll.'Wl Tl 13 10 
COMMON 11.(10) .Ar.RFS.AWC(4.4) .AOL.Hvn.C(4.4) .('ASC(4) .COPT(4) .CHIN. 13 ?O 
IC~.CON1,CO"'?,CQOPS(?10) .CRPVDIIO) .CVOL (4.4,.01 (4) .[)AILY.DA~O(lc'. 13 30 
?DELF.OELET.OFLF(4),DELP(~00'.nFLQ(4'.OELQZ(4).nFlT(10O).DELTF,DET. 13 40 
30PE(4) .OClO(41.f,fL(4.?) .Fo.F.TEOIIO) .ETL(4.c) ,FC(4) .FIL(4) .1,(4,4). 11 50 
4G A7(IO).GIIIO).GIG(10.5?),IREG.TDALy.IHYD,IOVER,IPRIN.!PEAD.!POTA 13 flO 
COM~ON ITA Pf.ITIL.IYDAy.IYR.IYRI.JUL(50).KCUL(10.IO).KDIITE(IO.10), 11 70 

II<NOII0) .KOl\IT.M(4) ,f.4i)Y(S) .MHP(5) .MINIS) .~IC;T.MO("i) ,MSTOR.MYR(5). 13 80 
2NCHEK.Nf,NKPOP.NC;T.NUML.NUMZ.NW~EK.OLDGI(4).OVAI4).OVL(4). 13 90 
3PAGE.PAN(5?) .Dr.AC;(4) ,PCK POP(4,H) .D(,lON(5) .PEAK.PPEr.IP,r.l] (4.4). 13 100 
4QI 1 14.4) .Q~AX (4.5) .Q01 (4\ .QOPK (4) .(:)7. (4) .RI.PDEI. T.R(\OTD (10) 13 110 
CO~H"ON RUNON (5) ,SAl (4.4) • SCN (4.4) ,SOQO (4) ,SFL (4.?, ,SETL (4. t?) ,Sr,I, 13 120 

lSGR(4) ,SL(4) .SMIIX (4,4) .C;OJLn(4) ,SQLC4,4) ,SPIINO~J(4) ,c;UAPUT('). 13 130 
?SUMf.T(4) ,SII~r.N(4) .TEMP(5?I.TlM("i) .TIME.TLCIO) .TOPD(t..) .TP.TU(}O). 13 140 
1VD (4) ,VOMAX (4) • VfG (4) .VOL.. ZGJ (4) • ZONE.~/oPI (4), WPD2 (4) 13 150 

DII'AFN!'JON OVAZ(4) 13 1~0 
INTFGER ZONF 1] 170 
RFAL M 13 lRO 

C THIS Ie; THF CHANNFL POUTING SUAROUTINf. 13 190 
C n CflLClILATFS USING A Rfr.UALR TIMF 13 1'00 
C TNCr.?EMfNT (RDEL Tl • 1] ? 10 
C CALCULATE THE RATE OF FLnw AT THE END 13 1'20 
C OF THE TI~E PERIon. 13 230 

IF(JAfGl)1I)olO.30 	 13 1'40 
10 	 IAFG1=1 13 1'50 

XXD=O. 13 260 
CHINI=O. 13 270 
DO 1'0 17=I.NUM7 13 ?AO 
OVAZ(TZ)=C1 4 70.-I??5.*VFr,(IZ»*SL(T7)**.5/0VL(I7) 13 ?90 

20 	 XXD=xxn+(OV~7{T7)**(-0.A»*PCZON(IZ) 13 300 
CMC=C~-XXD 13 310 
CO~1 =?'.I CCM('+RDf.L Tl 13 320 
CON?={CMC-pn~LT)/{C~C+RDFLT) 13 330 

C IF THE CHANNEL ROUTING COFFFICIFNT IS LFSS 13 340 
C THAN THF ROI/TING INTERVAL DO NOT ROlJTE BUT 13 350 
C ASSUME THAT CHIN-CHINI=CR2-Rl*RI)FLT 13 360 

3a IFCCMC-RDFLT)40.40.50 13 370 
40 R?=RI-(CHINI-CHIN)*ROLT 13 3AO 

GO TO 60 13 390 
50 RP2=CHIN*r.nMI+oPl*CON2 13 400 

R?=(RPl ... RP?)*ROELT*0.S*CON1+Rl*CON? 11 410 
C CHEC~ FOR THE QAILY P~A~ RATE. ]3 420 

60 IF(PEAK-R?)100.110.II0 13 430 
100 PFA~=R2 13 440 

C CALCULATE THE TIMf nF THE PFAK. 13 450 
TP=~ONT*RDFlT 13 460 

,C CAL.Clll 1\ TF.: THE VOLUMF OF FLOW FOR TH~ 13 470 
C TIME PFQIOO ANn AnD IT TO THE J)ATLY 13 480 
C TOTAL. 13 490 

110 VOL={R2+RI1*0.S*RnELT 11 SOO 
OAILY=DAILY+VOL 13 510 
IFCP?-.000~]1120,120.]30 13 520 

120 Rc=O.O 13 S30 
~P?=O. 13 "i4n 
VOl. =0. 13 550 

130 Rl=R2 11 560 
CHINI=CHIN 13 570 
RP1=RP2 13 SAO 
RfTURN 13 C;90 
E~n 13 600 

http:IFCCMC-RDFLT)40.40.50
http:IF(JAfGl)1I)olO.30
http:ITAPf.ITIL.IYDAy.IYR.IYRI.JUL(50).KCUL(10.IO).KDIITE(IO.10
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SURPOUTINF SUR~UR I~Z.V) 14 10 
COMMON Alln).ACRE5.~WCI4.4).ROL.BVD.CI4.4).CASCI4).CDPT'4).rHIN. 14 20 

)CM.CONl.CON?CROPSI2.]Q).CRPVDllO).rVOLI4.4).DI14).DAlLy.DAMOII?). 14 30 
2DELE.DELET.~EL~(4).DELPI300).DFLOI4).DELQZI4).DELTI30O).DELTF.OET. 14 40 
3DPE(4) .DQO(4) .F.ELI4.?) .FP.FTEPIIO) .ETLI4.2) .FC(4) .FIL(4) .GI4.4). 14 SO 
4GAZII0).GII]0).GIGlln.S2).lREG.IDALy.IHYD.IOVER.IPRIN.IREAD.IROTA 14 60 

COMMON ITAPF.ITtL.IYOAY.IYR.IYRI.JUL(50).KCULI10.IO).KD~TEIIO.10). 14 70 
lKNO(10).KONT.~14).MDVIS).MHRI5).MINIS).MIST.MOI5).~STOR.MYRIS). 14 AO 
2NCH~K.NE.NKROP.NST.NUM~.NUMZ.NWEEK.OLD6I(4).OV4(4).OVL(4). 14 90 
3PAr,F.PANI5?).PCAS(4).PCKPOPI4.IO).RrlON(S).PEAK.PPErIP.OI14.4). 14 100 
4QLI 14.4) .OMbX (4.5) .00) (4) .<lOPK (4) .Q7 (4) .Rl.RDEL T.ROOTD I 10) 14 110 

CO"1MON RlINONIS).C;AI14.4).SCN(4.4).SDQOI4).SELI4.2).SETL(4.2),S(.;]. 14 120 
ISGR(4) .SL(4) .SMAXI4.4) .SOJLO(4) .SOLl4.4) .SRUNO"l(4) .SUHPUT(5). 14 130 
2SUMET(4) .S')~CNI4) .TEMPIS2) .TIMIS) .TIMF.'rLIIO) .TOPD (4) .TP.TUllO). 14 140 
3VD(4).VDMAXI4).VF.GI4).VOL.ZGII4).ZONE.WPPI14).wPP?14) 14 ISO 

DIMENSJON FREEl IfI.4) .FRF.'F2(4) .M?14.4) .02(4) .OL2(4) .SA2(4) 14 If10 
INTEGER ZONE 14 170 
RfAL M.MZ 14 lAO 

C THIS SURROUTINF CALCULATES RECOVERY FROM 14 190 
C THE TOP SOIL BY LATERAL FLOW ANn DOWN- 14 200 
C WARD SEEPAGE ANn ROUTES SEEPAGE THPOUGH 14 210 
C THE SERIES nF LAYERS C~LCIJLATINr, LATERAL 14 220 
C ~ND DOWNWARD FLOW FOR EACH U,YFR. 14 ?30 
C SET DELTA INFILTRATION FOUAl TO FLOW 14 240 
C INTO THF FIRST LAYER. 14 250 

SUAPUTII)=nFLFIZONE) 14 260 
LPLlIS=NUML+l 14 270 

C JF AVERAGE TEMPFRATURE FOR TWO wEEKS IS 14 ?AO 
C LESS THAN 30. REDUCE LATERAL FLOW OF LAYER 14 290 
C 1 AS A FUNCTION OF DEGRFES RELOW 30. WHFN 14 100 
C TFMPERATURE JS BELOW 20 LATERAL FLOW IN 14 310 
C LAYFR 1 STOPS. 14 320 

lFINWEEK-NCHEK)12.20.12 14 330 
12 IFII8EG)10.10.11 14 140 
10 AVr,=TEMPINWFFK) 14 1S0 

GO TO 14 14 360 
11 AVG=ITEMPI"lCHEK)+TEMPINWEEK))*0.5 14 370 
14 IFIAVG-30.113.15.15 14 380 
IS V=1. 14 390 

GO TO 20 14 400 
13 V=IAVG-20.1*0.1 14 410 

IFIV.LT.O.) V=O. 14 420 
20 DO 4~0 LAYFR=I.LPLUC; 14 430 

IFILAYER-11110.1nO.110 14 440 
100 SA2(1)=SAI170NF.l) 14 450 

IFlrIZONE.l))1S0.150.140 14 460 
C CHECK TO SEF IF THE ROT TOM LAYER HA~ 14 470 
C REEN ExCEEDFD. JF SO. JIIST ~DD THE 14 480 
C INFLOW TO THE DEEP GPOUND WATER ACr.UMU- 14 4QO 
C LATTON AND LEAVE THE LOOP. 14 500 

110 IF ILAVER-NIIMLlI30ol30.120 14 '510 
120 SUMCNIZONE1=SUMCNIZQNE).SUAPUTILAYER) 14 '520 

GO TO 4QO 14 530 
C SUBTRACT INFLOW TO THE LAYER FROM THE 14 '540 
C AVAILARLE POROSITY. 14 550 

130 5A2ILAYER)=C:;A1IZ0NE.LAYEP)-~U~DUTILAYER) 14 560 
C CHECK FOR FREE WATER IN THE LAYER. JF 14 '570 
C NONE. SET OIlTFLOWS EflUAl. TO ZERO AND 14 '5AO 
C rONTINUF.. 14 590 

140 IFIGIZONE.LAVER)-SA2ILAYFR))150.150.160 14 flOO 
150 <l2ILAYER)=n.0 14 &10 

FREE2ILAYEP1=0.0 14 fl20 
SUAPUTILAvFP+1)=0.O 14 fll0 
DELflILAYER1=n.0 14 A40 
OL2(LAYER)~Q.0 14 6'50 
GO TO 4f.O 14 660 

C CALCULATE CURRENT FREE WATER AMOUNT. 14 A70 
160 FREEIIZ0NF.LAYFR)=GIlONE.LAYER1-SA2ILAvFR) 14 6BO 

IFIMZIZONF.LAVFR))lAO.1AO.170 14 690 
170 Q1170NE.LAVFP)=FRFEII10NF.LAYEP1/MZIZONE.LAvER) 14 700 
lAO SlIRDUT ILAVFR+ 1) =C I ZONF .l.AYER) *TIME*FREE 1 I ZMJF. LAYER) IG I ZDNF. LAvER) 14 710 

TF5T=FRFEI170NE.LAYFR)-SURPUTILAVEq-!) 14 720 

http:IFIAVG-30.113.15.15
http:IFII8EG)10.10.11
http:lFINWEEK-NCHEK)12.20.12
http:ITAPF.ITtL.IYOAY.IYR.IYRI.JUL(50).KCULI10.IO).KD~TEIIO.10
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IFITESTllqO.?00.200 14 	 730 
190 	 SIJRPUT 1LA YFP+ 1 I :FREE"l 1 ZONE. L,; YEI'l I 14 	 740 
200 	 iF CLAYER-NIIMLl210.230.21 0 14 	 750 
210 	 TfST=SAIIznNE.LAYER+ll-SUBPUTILAYER+ll 14 	 760 

IFITFSTI2?0.230.230 14 710 
220 SURPUTILAYFI'l+ll=~AIIZONf.LAYER+11 14 780 
230 SA~ILAYFRl=SA?CLAVEI'lI+SURPUTIL~vER+]1 14 	 790 

FREEIIZONE.LAYFI'lI=FREElI70NE.LAYERI-SURPUTCLAYEP+11 14 	 AOO 
IFIMZ(ZONf.LhYFRI12~0.250.260 14 AI0 

C CALCULATE DOWNWARD PERCOLATION. 14 A20 
2~0 Q?CLdYERl=O. 14 	 A30 

QL2C LAYEI'lI=O.O 14 	 840 
DF:LOILdYERl=O. 14 	 850 
GO TO 460 14 860 

C CALCULATE OUTFLOW FROM THE PEGIME. 14 A70 
260 X=2*~ZCZONF.LAYERI 14 	 880 

CHECK=QZI70NFl+Rl 14 	 890 
IF(LAYER-113IO.300.310 14 	 qOO

300 	B=GCZONFvLAYERJ/CMZCZONE.Il-CMl 14 	 910
GO TO .,1',) 14 920 

310 B=GC7.0NF.L~YF.RI/CMZCZONE.LAYERl-~ZC70NE.LAYER-lll 14 930 
,20 W=(P-CHFC~I/R 14 	 940 

IF(WI330 .. 330.3f.0 14 950 
330 IF(FREEI(7nNE'LAYER)1340.340.3~0 14 960 
340 FREflCZONF.LAYERl=O.O 14 	 970 
350 	~?CLAYERl=FREElCZONF.LAYFI'lI/~ZCZONE.LAYERl 14 qeo

DEUI ILAYERI =0.0 14 	 990 
QL;;' C L A YfP 1= n • 0 14 1000
GO TO 450 14 1010 

360 	 TEST= 4.*TTME-x 14 1020
QQl=Ql(ZONF.LAYER) 14 1030 
IFITfSTI370.380.380 14 1040 

370 	NLOOP=1 ]4 1050 
Y=SUAPUTCLAYFRl-SUAPUTCLAYEI'l+l) 14 1060
GO TO 390 14 1070

380 	SAVf=TIME ]4 1080 
~lOOP=TIMF*?/MZCZONE.LAYEI'l)+O.~ 14 1090
TI "tE= TI ME/Nt OOP 14 1100 
Y=CSURPUTCLAYERl-SUAPUT(LAYFR+]II/NLOOP 14 1110

390 	 Z=IX-TIMEl/CX+TIMEl 14 1120
00 400 KOUMT=I.NLOOP 14 1130 

C CALCULATE LATERAL OUTFLOW. 14 1140 
Q2CLAYfR)=?*Y/IX+TIMf) + QQl*? 14 1150

400 	 QQl=Q2(LAYFPl 14 1160 
IF(MLOOP-1)420,420.410 14 1170

410 	 ry"tF=SAVE 14 1180
420 	 I~ILhYER.GT.]1 V=I. 14 1190 

QL?ILAYFRl:Q?CLAYEP)*W*V 14 1?00 
C IF Q2 IS NEGATIVE. SET IT TO ZERO. 14 1210 

IF(Q?ILAYERI-.000000l1430.430.440 14 1220 
430 	Q?CLAYER)=O.O 14 1230 

QL?(LAYERl=O.O 14 1240 
DELQ(LAYER1=FPEEl(ZONF.LAYERl 14 1250 
FREF2CLAYf~I=0.0 14 1260
GO TO 460 14 1270 

440 DfLQCLAYEPl=CQL2(LAYEPl+QLICZONE.LAYERll/2.0*TIME 14 1280 
450 X=FPEEICZONF.LAYERl-DELQCLAYERl 14 12QO 

IFIXI430.410.4~0 14 1300 
C ~AVE VALUES AT END OF DELTA TI~E FOR USE 14 1310 
C TN NEXT PA~~ AND CACULATE NEW POROSITY. 14 1320 

460 	 Q1 (ZONf.LAYFR)=Q2ILAYER) 14 1330 
QLIIZ0NE.LAYFRl=QL?'CLAYFP) 14 1340 
QZIZONE)=Q7C70Nf)+QL2ILAYER) 14 1350 

C ADJU~T THE STOPAGE AVAILABLE BY THE 14 1160 
C VOLUME OF OUTFLOW. 14 1170 

SAIIZ0NE.LAYfRl=SA2ILAYERl+DELQILAYERI 14 1180 
480 	CONTINUE 14 1390 

RETlJRN 14 1400 
EN!) 14 1410 

http:CLAYER-NIIMLl210.230.21
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SURPOUTINF <;lIMRY CBAMO.Flf'"CHn .BFGSA.C~C.CN.EMO.ETMO.FTYR.F.YR.~lN. 15 10 
10FSTMO.ON~TMO.RAMO.RUNMO.SUMO.TRAN.WOFST.YfARLY.ZBAM.ZCM.lOF~T. 15 20 
?ZPEM) 1'; 30 

COMMON ACln).ACRFS.AWCC4.4).BOL.BVn.CC4.4).CASCC4).CDPTC4).CHIN. 15 40 
lCM.CONl.CO~I?CROPSC2.10) .CRPVDCIO) .CVOLC4.4) .Dl (4) ,DAILy.DAMOCl?), 15 50 
?DELF.DELET.nELF(4).DELPC300).DELQC4).DELQZC4).OELTC10O).DELTF.DET. 1~ 60 
3DPE(4).DQOC4).E.fLC4.?).fP"ETEPCl0).ETLC4,?),FCC4).FIL(4).GI4,4), 15 70 
4GA7.CI0).GICIO).GIGCI0.~?).IREG.rDDLY.IHYD,IOVER.IPRIN.IREAD.IPOTA IS 80 

COMMON ITADFdTILolYDAy.yYR.1Y Rl.JlJLCSO) .KCULC 10010) ,KnATE(lOolO), 15 90 
lKNO(10) .KONT.M(4) ,MDYC5l.MHRIS) .MINCS) .MlST.MO(5) .MSTOR.MYR(5). 15 1)0' 
?NCHFK.Nf.N~ROP,NST.NUML.NUM7.NWEEK.OLDAr(4).OVAI4).OVL(4). 15 110 
3PAGE.AAN(5?).PCA<;14).PCrAoAC4.1n).P(ZONCS).PEAK.PRECIA.0114.4), IS 120 
4QL114.4),QMDXI4.S).00114).QOPKC4).0714).Rl.RDELT.ROOTDCI0) 15 130 

COMMON RUNON(5) .~Al 14,4) .SCNC4.4) .SDQO(4) ,SFLC4.2) ,SETL C4.2) ,Sr.;}. 15 140 
ISr,R(4).~LC4).SMAXI4.4).SOILDC4).SQLC4.4),SRUNONC4).SUBPUTCS). 15 150 
?SUMFT(4) .SIIMCN(4) .TF.:MP(5?) .TIM(5) .TIME.TLCI0) .TOPD(4) .TA.TUCI0), 15 160 
3VD(4).VDMA Y I4).VEGI4).VOL.lGII4).lONE.WPAIC4),WAA?C4) 15 170 

DJMfNSION 8AMIl?).BAMOCI?),EMCl?).EMOI12).ETMCl?).FTMOCI2). 15 180 
lIDI.HA(4) .OF<;TM(12) .OFSTMOCl2) .ONSTMCl2) .nNSTMOCl?) ,AA"'Cl?) .AA"'OCl2) 15 190 
2.RUNMCl?) .RUN"'O(12) .SUM(12) .SUMO(12) .lRC4.1?) .lRA"'14.12) .lCC4,1?). 15 200 
3ZC"1C4.1?) .70C4.1?) .lOFSTI4,12) .lAC4.12) .Z.PEMC4.1?) 15 <'10 

INTFGER ZONF 1~ 220 
RfAL M 15 230 
DATA IOUM! 4 *?H ! 15 240 

C THIS ROUTINF PRINTS ANNUAL OUTPUT. IS 250 
WRITEIIPRI~.l)IYR 15 260 
FORMATI'OTHF FOLLOWING IS A MONTHLY SUMMARY OF WATER YIFLn~ 19'.12 15 270 

1":'.!'O',QX,'PAIN".32X.'RFTURN FLOW'.!' MONTH MELT FT 15 ?AO 
2 EVAP RUNOFF ON<;ITE OFFSITF GR') 15 290 

C CALCULATE MONTHLY WATEqSHEO SURFACE 15 300 
C INCHFS nF: 15 310 
C RAM <;URSURFACF INFLOW TO THE wEIR. 15 320 
C EM DIRECT EVAPORATION FROM THE SOIL 15 330 
C FREE WATER SURFACE. 15 340 
C FT"I F.:VAPOT"lANSPIRATION FROM PLANTS. 15 350 
C PAM PAINFALL. 1'5 360 
C P.UN~= <:;11'" OF CHANNEl AND SUASURFACf FLOW. IS 170 
C <;UM = "fEP PERCOLATION LOSS. 15 380 

RUN"ICl)="lt)NMOCI) 15390 
E"'(J)=f"OCl) 1'5 400 
RAMCl)=PAMO(I) 15 410 
ETMll)=ET"'OI) 15 420 
SU"'Cl)=SUMOCl) 15 ~30 
B4MCl)=RA",OCI) 15 440 
OFSTMCl)=OFSTMOll) IS 450 
ONSTMII)=ONSTMOCI) 15 460 
00 110 MX=?12 I~ 470 
FM'MYI=FMn'MYI-F",OlMX-11 15 480 
RUN'" Cf04X)=OIlNMOCMX)-RUNMOCMl(-I) 15 490 
ETM CMX)=fT MOIMX)-fTMOCMX-l) 15 '500 
BAMCMX)=8AMOCMl()-8AMOIPlX-I) 15 510 
OFST"CMX)=OF<;T"IOCMX)-OFSTMOCMX-l) 15 520 
O~STM("IX)=ONSTMOC"'l()-ON<;T~O("'X-I) 1~ '530 
RbM C"'X)=R~MnC'1X)-RAMOCMX-ll 15 540 

III) SliM CMX)=<:;IIMOC"'X)-SIlMOI~X-ll 1'5 550 
C WRITE WATERSHEO MONTHLY <;UMMApy. 15 560 

00 I?O MX=MlST.MN 15 570 
120 WRITF.IIPRIN.?)'1X,RA",IMX).ETMCMX),EMCMX).RUNMIMX).ONSTMIMX). 15 580 

10FSTMIMX).<;U'1(MX) 15 590 
WRITECIPRI~.~)PAMOI'1N).fTMOI"'N).EMO('1N).RUNMOIMN).ONSTMOCMM). 15 ~OO 

10FSTMOCMN) .C;IJ"'OI~IN) 1"; 610 
? FOR'IAT(I 'ole; .7F9.1) 15 1,20 
3 FOPHATC' TnTAL'.7F9.3) 15 630 

WRITE CIPRIN.4) CII)UMC70NF) .70NE. lONE=I.NUMl) 15 640 
4 FORMATI·I,.RX'4CA?,~X"70NE'.I?15X») 15 650 

WPITECJPRJ"I.15) CInIlMCK),K=I,NU"Z) 1~ 660 
15 FORMATCIO'.4C~2.llx.'RETURN FLOW I» 15 ~70 

WHJTF.:ClPRr~I.5) CI(lUI~(lO .r=I."IUM71 1~ 6AO 
<; FORMATC'O MO'.4CA2,?X"QO ONSTTF OFF<:;YTE GP 'I) 15 690 

C CALCULATF ",ONTHLY 70NF <;URFACE INCHES 15 700 
C OF: I ~ 71 0 
C lR= SURSURFACF FLOW. 15 720 

http:WPITECJPRJ"I.15
http:MX=MlST.MN
http:ITADFdTILolYDAy.yYR.1Y
http:lCM.CONl.CO~I?CROPSC2.10
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C 	 ZC= DEEP PERCOLATION LOSS. 
C ZP= OVERLAND FLOW. 

00 150 lONF= 1.NUMZ 
ZCcZONf.MlST1=ZCMCZONf,MlSTl 
ZPClO~E,Ml~Tl=7PEMC70NF.MlSTl 

ZRClONE,MlST1=7BAMClO~E,MlSTl 

ZOcZONF,MlST1=70FSTc70NF,MlSTl 
IFCMN-MIST1IS0.1S0.1~O 

130 	MX=MlST+l 

DO 140 MI=MX,MN 

ZPCZONf.MI1=7PFMCZONE.MI1-ZPEMCZON~.MI-l1 
ZAClONE.MI1=7BAMC10NF.MT)-ZAAMCZONE,MI-l1 
10ClONE.MI)=70FSTCZONF.MT1-10FSTCZONE.MI-1) 


140 ZCClONE.MI I =ZCM (ZONE,MT) -lCM CZONE.MI-l) 

150 CONTINUE 


C WRITE ZONE MONTHLY SUMMARY. 
00 160 MX=MlST.MN 

160 WRITECIPRIN.~IMX,CZPCZONF,MX),ZAClONE,MX).ZOCZONE,MX),ZCCZONE,MX), 
lZONF=I.NUM71 

6 FORMATCI5,4( lX.F6.?lX.F6.2.1X.F6.?IX.F6.?2Xl) 
WRITECIPRIN.7) CZPEMCZONE.MN1.ZRAMCZONF.MN).70FSTCZONE.MN1.ZCMCZONE 

I,MN),ZONE=1.NUM7) 
7 FORMATI'OTOTAL',F6.?3F7.?2X"C4F7.2.2X» 

WRITE CTPRI~'.lIl 
8 FORMAT(lOTHF FOLLOWING ARE SA VAlIIFS IN INCHES AT THE TTME THE ABO 

IVE SUMMARY WAS PPINTEO:'l 
C WRITE THE ~TOR~GE AVAILARLF IN ZONF SUR-
C FACE INCH~S FOR THE SOIL LAYER~. 

DO 170 70NF=1.NUMZ 

170 WRITECIPRTN.QI70NE.CSAI170NE.LAVER1.LAYEP=I.NUMLl 


9 FORMAT(' 7nNF='.t5,4Fln.4) 
C WRITE RESTART ANTECEDENT SOIL MOISTURF 
C PERCENTS AND WATERSHED SURFACE INCHES PER 
C HOUR FOR THE RATE OF INITIAL FLOW. THESE 
C VALUES WTLL GIVE STARTING VALUFS IN C~SE 

C THERE IS A FAILURE IN THE MIDDLE OF A 
C LOW; RUN. THE VALUES ARE FOR DEC. 31 AT 
C 2400 OF TH~ YFAR AFING SUMMARIZED OR FOR 
C THE LAST INPUT RAINFALL OASERVATION DATE 
C ANO TTME. 

RATF=RI 
DO 180 70NF=1.NUMZ 

180 RATE=RATE+Q7CZONFloPCZONCZONE) 
WRITFCIPRIN.I01 

10 FORMATC'O'II' THE FOLLOWING ARE RF-~TAAT VALUES TO APPROXIMATE WAT 
lERSHED CONnlTIoNS AT THE TIME THE AROVE SUMMARY WAS PRINTEO:') 

WRITECIPRtN,ll)RATE 
11 FORMATC'O INITIAL STRFAM FLO='.FIO.S) 

WRITE CIPRI"!.I?) 
12 FORMATCSX.'70NE , ASMI , ASM2'l 

C CALCULATE AND PRINT THF TOTAL BALANCE 
C FIGURF. THIS NUMAER SHOULO AE CLOSE TO 
C ZEROI LARGE VALUES INDICATE PROGRAM RUGS 
C OR RAO INPUT. NORMALLY THE FIGURE IS 
C LFS5 THAN 0.1. 

EVD=O. 

EOL=O. 

ENOSA=O. 

VOSTr,=O.O 

DO IqO ZONF=I.NUMZ 

EVD=EVD+VDI70Nfl oPCZONCZONfl 

EOL=EOL+DlI70NF)OPC70NC70Nf) 

Xl=(S~AxcznNE.ll-~AICZONE,I»)/TnpOC70NE)*100. 
X?= (SMAX (ZOMI;,?l-C;A I (7MIF,2» I (SOlLO CZO'Jf) -TOPD CZONt) 10 100. 
WRITE(JPRJN.13170Nf.XI,X? 

13 FOR~ATI4X.T~,5X.?IF)0.3.~X») 
00 190 LAYFP=I.NIJML 

190 	 ENDSA=FNDSA+C;Al (ZONF.LAYFR)OPCZONCZONt) 

VDSTG=EVD-RVO 

OLSTG=FOL-1l0L 

DLT~A=8FGC;A-FNOSA 
CSTG=C, MCO(OI-RFGR1) 

15 
15 
15 
)5 
IS 
15 
15 
15 
IS 
15 
15 
)5 
15 
15 
15 
15 
15 
15 
15 
15 
)5 
15 
15 
IS 
15 
15 
15 
15 
15 
15 
IS 
15 
15 
15 
15 
15 
IS 
15 
15 
IS 
15 
15 
15 
15 
IS 
IS 
15 
15 
15 
1~ 

15 
15 
15 
15 
15 
1~ 

15 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
15 
15 
1~ 

15 
1~ 

730 
740 
750 
760 
770 
780 
790 
ADO 
810 
820 
A30 
R40 
1150 
860 
A7n 
880 
AqO 
900 
Ql0 
920 
930 
Q40 
9S0 
960 
970 
Q80 
<190 

1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
11 00 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1?40 
1250 
1260 
1270 
1?80 
1290 
1300 
1110 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 

http:FORMATI'OTOTAL',F6.?3F7.?2X"C4F7.2.2X
http:MX=MlST.MN
http:ZCClONE.MI
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BAL=TRAN-FTYR-YFARLY-EYR-DLTSA-CN-C~TG-VDST,,-OLSTG-WOFST 
AFC:;~A=ENDSII 
8VO=EVD 

BOL=EOL 

BfGR1=Rl 

WRlTEIIPRIN.14IRAL 


14 FORIoIATIVO PAIN FT RUNOFF E CN 
1 - CHANNEL - DFPRESSIONS-OVFRLANO-OFFSITE ='.FA.31 

WRITEIIPRIN.16ITRAN.ETYR.YEARLy.EYR.CN,OLTSA.CSTG.VDSTG.OLSTG 
1.WOFST 

16 	FORHATIIOFI0.31 
RETURN 
EIIIO 

SOIL 

15 1450 

15 1460 

15 1470 

15 1480 

15 1490 

15 1500 

15 1510 

15 1'520 

15 1'>30 

15 1<;40 

15 1550 

15 1560 

15 1570 


-t:r U.S. GOVERNMENT PRINTING OFFICE: 19750-576-452 

http:FORHATIIOFI0.31
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