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USDABRL~74 REVISED MODEL OF WATERSHED HYDROLOGY

A United States Contribution to the
International Hydrological Decade

By H. N, HoLTAN, hydrvauiic engineer, and G. J. STiLTNER, W, H. HExson, and N. C. LoPEZ,! mathemalicions,
Hydrograph Luboratory, Northeastern Region, Agriciltural Rescurch Servive

In the Hydrograph Laboratory, watershed
hydrology is organized on a mwltidisciplinary
basis and includes (1) meteorology and cli-
mate, (2) soils and vegetation, (8) hydraulics,
(4) hydrogeclogy, and {5) watershed hydro-
logic systems. Findings in the first four sub-
ject-matter areas are applied in their natwral
sequences of time and space in hydrologic sys-
tems analyses. Questions avising 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
secend attempt fo express watershed hydrology
as a continnum, 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 fo reflect the ex-
tremes observed in annual evapotranspiration.
In this revision the growth index is computed
as a funcfion of current temperatures and
thereby is unigque for each specific year.

Growing interest in potentials for water pol-
lutien by erosion or chemical transport is plac-
ing demands for greater detail in the program
output. Subroutine POLLUT was added for
optinnal 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

! Resigned January 1973,

gsequence of the best methods 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 vears . ...”

The mathematical model of watershed hy-
drology under study in the Hydrograph
Laberatory is designed to serve the purposes of
agricultural watershed engineering. Our pri-
mary emphasis is on separating out the details
of what actually happens during the runoft
process as a basis for planning the engineering
structures and procedures that will contro! 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. Qur 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. 20.
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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. Qur way of life demands a regu-
lated environment protected against the ex-
tremes of nature. We want neither flond nor
drought.

We are becoming concerned +with the safe

dispesition of sediments and waste materials
from our watersheds (20). Dispersed wastes
such as fumes, smoke, and other airborne pol-
tutants 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 iz extending to smaller and
smaller increments of the watershed with com-
plete accounting for dispersion of precipita-
tion fo 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 aceepted as error
or it must be reduced by dividing the watershed
inte 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 breakpeints in the mass curve.
In either instance, all periods of time must be
accounted for in this model. All 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 zerp time increments in continuous
records.

The mode] was applied to four ARS experi-
mental watersheds representing a diversity of
climate and physiography as listed in table 1.
Snowfall was tabulated as water equivalent for
the two northern watersheds. Significant errors
resulted, particularly where heavy snow aec-
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.8, Weather Bureau tem-

perature records and storm reporis.? These

TABLE 1.—Characteristics of 4 experimenial agri-
cultwrol wo tersheds

Land

Watershed No.! Area  Physiography slope

Sg Per-
mi cent Inches

Little Mill 26.26 T.16 Allegheny 2-35 41

Creek (W-97},
Coshaeton,
Ohio.

Beaver Creek
(W-11),
Hastings, Nebr.
Upner Taylor
Creek (W-3},
F't. Lauderdale,
Fla.

Brushy Creek
{W-G), Riesel,
Tex.

42.4  6.84

Cumberland
Plateau.

Loess
plains.

Flat woads
of Coastal
Plains.

Blacklands
of Coastal
Plains,

! Tdentification number in *Hydrologic Data for Exper-
imental Agricultura]l Watersheds in the United States,”
compiled by Harold W. Hobbs, U.S. Dept. Apr. Misc. Pub.

1070, 447 pp. 1962,

*U,8. WEATHER BUREAU,
CONTINUING SERIES BY STATES.

U.5. Dept. Com. 1957-64.

CLIMATOLOGICAL DATA,
U.8. Weather Bur,
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helped to reconcile compuied 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 “8” for snow and
will ba stored as “snow” subject to equation
[1] for daily snowmelt on each zone:

MELT = 015+ (I'—THAW) - (1.0—0.5

VEG) 4 2P 1]
where

MELT = potential snowmelt per day in

zone surface inches

T — weekly average air temperature
(°F)

THAW = temperature at which snowmeit
starts

VEG — weighted average vegetative

density for zone

P — inches falling as rain that day

The insertion of the variable “THAW?" per-
mits adjustments for aspect, elevation, or other
factors usuzlly involved in relating snowmelt
to a temperature record. This iz particularly
important when snowmelfs at higher eleva.
tions are computed from temperatures ob-
served at a lower elevation.

Equation [1] again helped resuits but serves
more 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 indicales
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 hydrolegic
responge zones for computing infiltration,

Y NORTH
APPALACHIAN

} EXPERIMENTAL

{ WATERSHED

\

4

LOSHOCTON, OHIQ
W-97 (4580 acres)

ZONE CLASSESR

. PO 118 14
2 m.m “
B IOw ¥

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

CENTRAL
GREAT PLAINS
EXPERIMENTAL
WATERSHED
HASTHGS. HEBR
Wl {3430 acres)

BLACKLANDS
EXPERIMENTAL
WATERSHED

RIESEL, TEXas
W-G [4380 ocres)

ZOME CLASSES

ZONE CLASSES ] 1 I.B
o+ n,m A 2 .Y
2 En | 3 X¥E.IE
B = O

Fieure 1.—Hydrologic zones of land-capability classes for three watersheds,
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bered in a downslope order because some of
the runoff will cascade over successive zones.
For example, on the Coshocton watershed an
estimated 80 percent of zone 1 runoff flows

of major soils and of land-capability classes.
Moisture-tension data in table 2 reported by
the Hydrograph Laboratory (2} and reports
from the Soil Survey Laboratory * provide socil

directly onto the alluviums of zone 3, and only
20 percent caseades to soils of zone 2.

In the watershed description data compiled
by the Agricultural Research Service field sta-
tions (I8), percentages are given of the area

* 1J.8. DEPARTMENT OF AGRICULTURE, SOIL CONSERVA-
TION SegRVICE, SoIL SURVEY LABORATORY. DATA AND
DESCRIPTION OF SOME SOILS OF . . . . Soil Survey Invest.
REpt., continuing series by Stafes.

TABLE 2.—Profile descripiton and physical properties of Cecil gritly sandy loam

Loeation: Blacks: urg, Virginia; Brunswick County, Roeky Run Branch Watershed, located in pasture 75° SW of fence,
400 yds. W of county road #656.

Vegetation and land use: 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 Deseription
Per inch In

of soil horizon

Inches Inehes

0 to 6 inches. Dark yvellowish brewn (16YR 4/4) gritty sandy loam; very friable; G.10 0.60
weak medium granular structure; many fine roots; medium acid; few small peds of
red (2.5YR 4/8) brought up {rom lower horizons by plowing; abrupt wavy boundary.

6 to 15 inches. Red (2.5YR 4/6) clay with few fine mottles of yellowish red (§YR
5/8); same ped faces are coated with yellowish red (¥R 4/8} clay, whiech is apparently
result of root and worm action; firm; moderate mediur subangular bloeky structure;
thin continuous clay films; few mica flakes; commen fine roots; oceasional quartz
rock less than ¥3" in diameter; medium acid; clear wavy boundary.

B22t. - ..

15 to 31 inches. Red (2.5YR 4/8) clay loam with common fine faint mottles of yellow-
ish red (5YR 5/8) and common fine distinct mottles of yellowish brown (10YR 5/ 8);
moderate medium znd fine subangular blocky structure; friable; thin clay film on
most ped faces; common mica flukes; 10 percent grit by volume; {ew fine roots;
atrongly acid; clear wavy boundary.

81 to 42 inches. Red (2.5YR 4/6) clay loam with many medium faint mottles of
yellowish red {5YR 5/8) and {ew medium distinet mottles of strong brown (7 SYR
5/8) and reddish yellow (T.5YR 8/8); friable; moderate to weak medium and fine
blocky and subsngulav blocky structure; paichy clay film; many mica flakes; 10
percent grit by volume; strongly acid; clear smooth boundary.

B3 . __.

42 to 56 inches. Mottled colors of red {2.5YR 4/8), yellow red (5YR 5/8), reddish
vellow [T.5YR §/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 fakes; slimy and greasy to the feel; 10 percent
grit by volume; few pafchy clay films; very strongly acid; gradual wavy boundary,

56 to 71 inches plus. Mettled colors of yellowish red (5YR 5/8), red (2.5YR 4/6),
reddish yellow (5YR 8/8) and very pale brown (10YR 7/4) highly weathered granite
gneiss and schist; silt loam wish 10 percent grit by volume,
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TABLE 2.—Profile description and physical properties of Cecil gritty sandy loam—Con.

Moisture as percent of dry weight at respective
Bulk atmospheres of tension

density

Hoarizon Depth

0.1 0.3 0.6 3 15

Percent Percent

9.21
21.63
27.27
21.68
16,45
15.78

Percent

10.30
22 22
28.67
25.87
19.52
26.29

G/em?

1.72
1.33
1.32
1.41
1.29
1.29

Percent

12.35
23.76
26.26
28.02
26.66
24,46

Pereent

15.24
26.90
32.02
29 .89
35.15
36.36

Inches

6.34
18.28
24.58
18.62
13.02
10.69

dividing total storage capacities (S) inte mois-
ture freely drained by gravity (&) and mois-
ture drained by vegetation (AWC). The lower

profile descriptiong for computing weighted
averages of hydrologic capacities (4) of soils
in each zone.

Specific gravity was estimated at 2.65 for
all goils in computing total porosities. Moisture
at 0.3 bar tension was used for field capacity in

limit of AWC is assumed to be the moisture at
15 Dbars tension. Table 3 is a summary of
many samples and gives S, G, and AWC in

TaBLE 3.—Hydrologic copacities of soil fexiure
classes !

Texture clase 5 G AWC AWC/G

Percent Percent Percent

b
iy

17
15,
19
26
27
18
23
21
14.
i1.
13.
13.

8
i1.

9.

7.

6.

8.
13.
10.

5.
12,
13.
11,
15,
19.
11
12.
14

fz
12.
11.

.88
.55
.70
.38
.2g
.66
.56
.56
.08
T4
.89
.98
T
.67
.54
568

Coarse sand
Coarse sandy loam. ..

[ ]
iy

=T o= = B = o= I A~

Ca e B —l G 00 O -1 b D h & SO Nk

Loarmy sand

Loamy fine sand
Sandy loam

Fine sandy loam

Very fine sandy loam._.

o &f CO Od oo OO0 4O

[ x=]

Sandy clay loam
Clay loam

Silty clay loam
Sandy clay

5]

0O = D 00 W oCh b

P A

[l el )

1 pdapted from “Land Capability: A Hydrologic Re-
aponse Unit in Agricultural Watersheds,” by C. B. England,
U.S. Dept. Agr. ARS 41-172, Sept. 1970.

S =total porosity—15 bar moisture percent, (; =total
porosity —0.3 bar moisture percent, and AWC =5 minus

G.
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percent volume of textural horizong. Figure 2 AWC as illustrated in table 4. The data in this
presents graphically the transitions of moisture
capacifies over the textural range from sands
to clay. These can be used to compute S, G, and equation:

table were computed from figure 2 by the

100 - percent weight

Percent volume = 37.7 4- percent weight at full saturation

The maln cetegories  The main categor-
of soil water ies of sall water
oee. to Briggs oce, to Lebadev

Hygro~
scopic
waler

1
5
o
™ Hygroscopic —
< coefficient

2 N

Wilting
point

]
o
FY

|

H Pelicutar

¥l em
Copillary
water
molecutar
woter
content

-

}fﬁqa! mojisture con!

LN
o]
o

Moisture
eguivatent

Field capocity

Minimum Maximum

i

[
water
copacity

&

=
=
-
=
M
2
Q
a
o
=
-
o
a
=
o
=
k24
| ™
>
2
‘9}
=
=

Gravitaticnal
woater
Grovitationat

>

O 5 Fuh saturation

Q 10 20
Moisture content percen! by weight

FicuRE 2. —Relationship batween moisture potential and moisture content for soils of various textures. [From
“Representative and Experimental Basing,” edited by C. Teehes and V. Quryvaev, published by UNESCO, 1870.3

TABLE 4.—Compuiations of hydrologic capacities from potential moisture-content relationships for soils of
VaArLouUS lextures

Wilting point Field capacity Saturation Moisture Moisture Total
freely drained by storage
Texture drained by vegetation capaecity
Weight  Volume  Weight  Volume Weight Volume  gravity (AWO), ),
(@), volume volume volume

Pereent Percent Percent Percent Percent Percent Perceni Percent Pertent

2 3.2 8 9.7 24 28.9 29,2 8.5 85.7
Loams. . { § . 18 22 8 41 52.1 29.2 15.8 44.5

Bk 10 ) 29 36.8 41 52.1 15.8 24.1 39.4
Clay_ o 25 ) 42 46.8 52 58.0 11.2 18.9 50.1
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Percentages are applied to depths of “A”
horizons or to plow depths in nonlayered soils
and to depths of maximum root penetration as
might be limited by hardpans, gravelly layers,

7

or other textures unsuited for root growth.
The input format of the model accepis G and
AWC in percent by volume and applies them fo
soil depths to compuie volumes.

EVAPOTRANSPIRATION

Evapotranspiration (E7T) potentials are
estimated by coefficients applied to published
pan-evaporation data. The methed is a com-
bination of techniques developed by Mustonen
and McGuiness (15), Jensen (11), and Pruitt
(17). It is adapted for use with cardinal tem-
peratures presented in table 5 in estimating
plant growth. Figure 8 iz a plotting of the
potential growth index (XGI}, which is the
cardinal temperature functions, for aifalfa and

corn.’ This index is the (current temperature—
lower ecardinal temperature)/(upper cardinal
temperature—lower cardinal temperature).
Cardinal temperatures are the upper or opti-
mum and lower or minimum temperatures for
erop growth. When the current femperature

¢ Although the data in some of the graphs were col-
iected during 1956-80, the findings are still valid and
ugeful as guidelines for estimating evapotranspiration
by varicus plant species.

TABLE 5.—Cardinal temperatures for growth of some common ¢rops

Cardinal temperatures {°F)

Crop

Minimum  Optimum  Maximum

Reference

QOats, rye, wheat, 32-41 Ti-87.% 87.8-98.6

barley.

Sorghum, melons__ . 58-64
50
40
&5

40

.4 B7.8-98.6 111.2-122

Peas, vetch, rye_. ..
Corn, sorghum_ _ ..
Tobacco

Sorghum

Tobacco

Ryegrass

|

1946, Environment factors and their
Soil Sei. £2: 109-119.

Parker, N. W.
control in plant environments.

Chang, J. H. 1968. Ciimate and agriculture: An ecologieal
survey. 3504 pp. Aldine Pub. Co., Chicago.

Wiggans, 8. C. 1936.
. Agron. Jour, 48: 21-25.

Meyer, B. 8., and Anderson, D.B. 1938. Plant physiology.
696 pp. D. van Nostrand Co., New York.

Qosting, H. J. 1958. The study of plant communities.
446 pp. W. H. Freeman & Co., San Francisco.

Eaberlandt, G. F.J. 1874, Cited by Richards, 8. J., et al.
1952. Soil temperature and plant growth. Amer. Soc.
Agron. Monog. II, pp. 360-363.

Lehenbauer, P. A. 1914, Growth of maize. . . .
Res. 1: 247-288.

Wang, J. Y, 1983. Agricultural meteorology.
Pacemaker Press, Milwaukee.

Rhykerd, C. L., et al. 1960. Sorghum grows best at warm
ternperatures. Crops and Soils 12: 24.

Martin, J. H. 1841. Ciimate and sorghum. [z Climate
and Man. U.8. Dept. Agr. Ybk. 1541: 343.

Doggett, . 1070, Sorghum. 408 pp. Longmans, Green
and Co., Ltd., Lendon-

Garner, W. W. 1946, The production of tobacco.
Bizkiston Co., Philadelphia.

Weihing, R. N. 1963. Growth of ryegrass as influenced by
temperature, . . . Agron. Jour. 55: 518521,

The efiect of seasonal temperatures.

Physiol.

693 pp.

516 pp.
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77 ALFALFA, TU= 80, TL=32
é&“ CORN; TU= 85, TL= 45

o
o

XG1= °F-TL/TU-TL
o Lo
» [

o
i

o
o

S o
.

Ficure 3.—Relative potential growth (XG!) graphs for alfalia and corn compuied from upper and lower
cardinal temperatures (I'L7 and TLj}.

exceeds the upper cardinal limit, the plant is
assumed to suffer and the XGI function is get
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 2 fixed minimum.

The growth index (1) 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 G/ for the crop is re-
duced following plowing, planting, cultivating,
or harvesting if vegetation is abolished o0 re-
duced by the operation. (This excludes mini-
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 seitle 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 erops. Table b 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 erop 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

GROWTH MHEX (G

GCROWTH IROEX {11

FicUsrR 4.—Relative growth (GI) graphs: Above,
for alfalfa as modified by cutting; befow,
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+«E,* [(S—84)/AWC]= [2]

where
ET evapotranspiration potential in

inches per day

GI growth index of crop in percent of
maturity
ratic 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

o 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.

RELATIVE GROWTH

.k 1 0
MATRIX SUCTION, BARS

Ficure 5.—Relative prowth 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 rafe:

f =6- Scl"‘ + fc [3]

where

f infiliration capacity in inches per
hour

a . infiltration capacity in inches per
hour per inch+* of available stor-
age {(index of surface-connected
porosgity)
available storage in surface layer
{“A” horizon in agricultural soils)
In inches water equivalent
constant rate of infiltration affer
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 (8]
estimates this slow capillary movement as a
contant (f.). The other right-hand term
{a - S;»*) is an empirically derived expression
of flow rafes due to positive heads, It represents
the sum of products of veloeities and cross sec-
tions in flow tubes.

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

area of the stream tube cannot be defermined.
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 cross sections of flow tubes.

Two premises appear feasible: First, only
surface-connected porosity can be cornsidered
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-
gsectional 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 direetly to the soil surface, but
he found that sand lenses isolated in finer tex-
tures did not fill 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 (8). This adds to
the effect of goil shrinkage in creating passages
for air or water to reach pores intercepted by




FiGuee T.—Left, unsaturated flow; right, saturated flow in large pores in contact with

surface only.

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 [8]. Logarithmic
plottings of f versus S, for numercus infiltrom-
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 alse used as a
seasonal factor on the vegetation parameter
“g" in the infiltration equation [8]:

f=GI a8+ fe {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 eguation [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 {{) and the
average rate {((f, - f.) * t/2). Infiltra“ion
capacity depends on the amount of empty space
with S, diminished by infittrated water but
recovered by drainage or evaporation to the
limit of G, and by ET to the additional limit of
AWC.

Values of “&’ are shown in table 6 for vari-
ous types of vepgetation. These were evaluated
at plant maturity as the fraction of the ground-

[After Gardner (5).]

surface arca cccupied 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 ¢ value should be
adjusted to represent it.

TABLE 6.—Tenlaltve esttmaies of wvegelalive par-
ameter “'a" wn infillralion equation !

Basal area rating a?
Vegetation

Poor Good
condition condition

Row erops...... .. . o
Small grains__ ... ... ... .. ...
Hay:

Legumes

Pasture:
Bunchgrass
Temporary (sod) . ...... ... N
Permanent (sod}

Woods and forests

1f=GF - a- 8:'%4-f, (see equations 3 and 4}.
t Adjustments needed for weeds and grazing.
¥ After row crop.

+ After sod.
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Estimates of f, were obtained from “Hydrol-
ogy”’ (i18), wherein major soils of the United
Staies are grouped according to their rate of
water intake after prolonged wetting. Soils
are grouped in hydrelogic classes A, B, C, and
D. Musgrave (13) gave the associated rates of
fe 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 f, within a group.
If the impeding strata approach clay, f. is near
the lower limit of its group; for sand, f. would
be near the top; and for loams, f. would be near
the midpoint.

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

Percent cracks — 100[

where

BDW = bulk density {(g/em?) at field

capacity in percent volume
bulk density {g/em 3) at air-dry in
percent volume

BDD

This equation was developed from the work
of Grossman et al. {6) considering a cube of
soil and by deleting vertical shrinkage. Equa-
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erally rather small in depth {(about 0.95 inch
for agricultural crops), Vy is drawn upon by
infiliration 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 ¥, depths of several inches.
Musgrave and Holtan (74) gave concepts and
some estimates of depression storage in agri-
culture, hut generally such estimates must be
based on pe-sonal chservations.

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 sapacity to bulk density
when air-dry by the egquation:

BDW ]
~ BDD

BDW \* r5]
‘BDD
tion [5] is applied to layer thicknesses to eom«
pute maximum cracking 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 (AW(C),
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 — @, = aD (6]

(7]

and
g = {ova}D»

where
Pe = volume of rainfall per unit of time in
excess of infiltration and depression
storage
volume of outflow per unit of time
increment

average depth of flow in inches

&
A
D

Qs overland flow in inches per hour
coeflicient dependent on roughness
and length and degree of slope
3.0 for laminar and 1.67 for turbulent
flow (fixed at 1.87 in this model)

The coefficient ova in equation [7] is de-
termined from runoff recessions on rectangular
plots as described by Musgrave and Holtan. Tt
is the rate of flow produced by an average
depth of 1.0 inch of water on the plot surface.
In the flow datz 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:

ove = (150 — 125a) - (12//1.5) - \/S/T, [8]
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For laminar flow, ove would vary linearly as
S in equation [8] and the value of # must be
set equal to 3.0 in equation [7].

Channel flows and subsurface return flows
are routed by simultaneous solutions of the
continuity eguation and a storage function.
Storage coefficients are obtained by integration
of the flow recession curve for a given water-
ghed. Techniques are under study in the Bydro-
graph Laboratory for the approximation of
flow recession curves by linear segments to ob-
tain the advantages of superposition in routing
waterflows from different areas of the water-
shed. Flow from each unit is routed separately
through watershed storage and all are summed
t0 obtain watershed outflow,

Postrainfall recession curves are plotied on
a semilogarithmic scale in fizure 8 for Little
Mill Creek Watershed (W-97) near Coshocton,
Ohio. Evapotranspiration must be minimized if
we are to obtain a true storage-flow relation-

ship. The March recession shows the least ef-
f:ct by BT and is used for apalyses. The equa-
tion of the recession curve is:

qt = QOe—t'lm [9]

where

q; rate of flow one time increment
later in inches per hour

o rate of flow at start of perlod in
inches per hour
logarithmie base
time increment in hours
absolute value of t/alng and is
constant for each straight-line seg-
ment of recession curve on semi-
logarithmic scale

By integration of equation [9] the storage
increment AS within a linear segment of the
recession curve is:

AS = m'Aq {10]

\

=32,
K/mc' 23 =1l4h

\

x MATCH POINT

_-q,= 0.105

\
\/n-.,='-5-=§ =6.9h

%

N
N

N

RATE OF STREAMFLOW, in/h

m, = 3.0
\_‘_ Mf\
] X
"‘---...__________-

SEASONAL RECESSION FLOWS
W.-97, Coshocton, Ohio

x Mer. iQ, 1964
o Aug. 22, 1960
o June 28,1957

m= At/Alng
subscript = channel or regims numbar

from base flow graph:
qs =0.0032; my=I5th

q, =0.00064 ; m,= 5970 h

—

EVAPOTRANSPIRATION

16 20

24 28

HOURS FROM MATCH POINT

FIGURE 8.—Seasonal Tecegsion flows at W-97, Coshoecton, 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 . for channel flow and proceeding
through a series—m,, m., ms, and m,—Ior suc-
cessively deeper or more devious regimes of
subsurface flow. Since some watersheds, such
as the Beaver Creek watershed (W-11) at
Hastings, Nebr., have no return flow, only m,
is defined.

On watershed W-97 it becomes necessary to
separate flow regimes. The usual procedure has
been to extend segments backward in time for
subtraction from earlier regimes (7). In our
experience and that of Kulandaiswamy and
Seethorman (12), the adiusted points never
plotted as a straight line and the resulting
recession was too rapid. The authors prefer to
uge 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 techriques
suggested for separating fiow regimes for input
to this model, Each linear segment is extended
toward zero and subtracted from subsegjuent
flows to get the rising hydrograph of the suc-
ceeding 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 = qy (my — Miar) [11]

where
3 peak storage of the difference
hydrograph in inches
g rate at intersect with previous
segment of recession
absolute value of ¢/In (g,/q.)
flow regime number

m of previous segment

1.0

©

RATE OF FLOW, in/h

e — e e e e
—_——

e
-

SEPARATION OF FLOW REGIMES
W-97, Coshocton, Ohic

=1Am /My

4, qe q¢!
peak, t Ldnm -lnmg_

mo'l -m-!
subscript o refars to previous sagmant

ar

32

HOURS

FiGURE 2.—Separation of How regimes on W-87, Coshecton, Ohie.
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Input to the mogdel would then be m., ¢, M,
Ge, Ma, @3, Mg, G, and m, 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 & value
from the soil survey for regimes 1 and 2, but
it is the storage under the hydrograph com-
puted by equation [11] for the remaining flow
regimes as in figures 8 and 9.

As determined from the watershed flow
recessions, . includes detentions of overland
fiow. Since overland flow is routed in equation
{71, the depth of overland fiow must be sub-
tracted from the AS of equation [10]. At the
peak, outflow is essentially egual to inflow and
channel storage would be:

S = m. - ¢ — (q/ova)°* [12]

We can pget an approximation of the cor-
rected m. {cm, in the program) by solving for
m at one unit of flow rate in eguation [10]:

[13]

Fquation [13] 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 2
result, USDAHL-T0 was revised to permit in-
puts to table 9 (appendix) of m, to m, obiained
from downstream gaging sites of an encom-
passing watershed together with an indication
of the number of regimes, including m,, which
occur above the weir. Qutput includes “onsite”
return flow of volumes that passed through the
goils of one or more zones to become part of
“runoff” at the weir. Qutput also lists “offsite”
return flows for comparison with regional in-
formation downstream.

Ag the watershed size diminishes, the im-
portance of detail increases. Therefore m, and
m. are subscripted by zone and reevaluated

cme = Mme — ova™™®

from soils information. Assumptions derived
empirically were—

(1} Outflow is egual to permeability - width/
length - gradient.

{2} Permeability varies as ratio of large
pore diameters squared or as square of ratio of
large pore volumes.

{8) Since f. is permeability of layer 2, per-
meability of layer 1is f, « (G./G2)2
Then since storage (FREE WATER) is equal
to DEPTH - G and since m = FREE/Q, we
can derive msz, and mz. for each zone by equa-
tion [14]:

mzy, — depthy - G- ovl? - (8* J- 1}5/(f. -
G, * zone area * §i) [14]

where
mz
Ge
ovl
sl

fC

L

routing coefficient for zone
gravity {(free) water in regime 2
length of land slope in feet

land siope in percent

final rate of infilfration

flow regime or layer

IO A T I A

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, and m. can be entered
as zeros in table 9. The program will not com-
pute flows in & regime whose m value is zero
in table 9.

Bguation [15] is a combination of the con-
tinuity equation and equation [10] used in com-
puting cutfiow from each regime of each zone:

2 Al 2m — at

T = at + o 2m - At

f15]

Equation [10] 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-
dueced on the rising side of the sireamflow
routing by the fechniques of Holtan and Over-
ton {10) for successive routings through one-
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half of the indicated storage using equation
[16]:

,_ 2AI , M — At

[1€]

= At Y mal

In the second application of equation [153 the
quantity {g." 4- 4.") At/2 is substituted for al.
The symbols for equations [15] and [16] are—

q rate of ouiflow from storapge in
inches per hour

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

I inflow volume in inches

m routing coefficient in hours

At time increment in hours

. and , beginning and end of af

HYDROGEOLOGY

In the Hydrograph Laboratory’s model, in-

filirated water is proportioned to E'T, or free-

water evaporation, and to downward seepage
or to lateral return flow in each flow regime.
Since downward seepage and lateral flow are
supplied by free water, estimates of maximum
seepage rate {C) and free-water capacity (G},
as well as the storage coefficient (m), are
needed in each flow regime,

Since subsurface flow regimes are considered
sequential, seepage (C) from a given regime is
inflow to the next regime and must be adequate
to supply the sum of the maximum flow rate
{gyy.) experienced in the next regime and the
rate of deep seepage (gr):

C= a4+ g7 (17]

where
¢ — regime number
gr = maximum rate of ground-water
recharge in inches per hour

Ground-water recharze from the uliimate
return-flow regime is estimated on a regional
basis. Average annual rainfall, average annunal
ET, and average annual streamflow yields in
the vicinity can be used to derive an average
annual ground-water recharge. This can be con-
verted to inches per hour as an estimate of gr.
At the Hastings, Nebr., watershed this value
was esfimated as equal fo f,, but the estimate
at Coshocton, Ohio, watershed was 0.0006 inch
per hour. At the Riesel, Tex., and Ft. Lauder-
dale, Fla., watersheds gr was estimated as
Zero,

Increments of downward seepage {subput)
to the next regime are computed as a function
of free or gravity water present:

Subpuf.,, = At - C+ (G — SA)Y/G [18]

where
Subput;, = water passing downward to
next regime in inches
At time increment in hours
¢ rate of downward seepage in
inches per hour
G free or gravity water in
inches
SA4 air space in inches equivalent
of water

The potential rate of outflow {g,} from a
regime is derived by equation [15], but actual
outflow from a regime is held egual to zero,
as illustrated in figure 9, whenever summation
cutflow exceeds the value of intercept ¢, for
that regime, When summation outflow ig less
than g¢,, a favorable gradient is assumed and
cutflow {q.) is computed by the following
equation:

g = Gy (g — 3¢} /G [19]

where
dp potential regime outfiow from
eguation [15]
s flow rate at intercept with previous
segment
Zq sum of all existing flow rates

An excaption to ecuation [19] is made for
frozen ground. If the averape temperature of
the air for 2 weeks is below 30° F, equation
[18} is reduced for layer 1 by 0.1 inch per hour
for each average °F below 30°, and below 20°
flow is stopped. Thus it is assumed that highly
permeable soils become impervious at lower
temperatures.
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The limits of free-water storaze in the first
two repimes are computed from soil survey
data as the products of horizon thickness and
percent freely drained porosity. The limits of
free-water storage () associated with sub-
sequent flow repimes, ie., regimes 3 and 4, are
computed from the gtorage-fiow relationship:

Gr = qu + (Mg — Mry) [20]

where
G gravity or free water
ab flow rate at breakpoint of recession
curve
m routing coeflicient
I regime number

Since there iz no assurance that the flow
recession analyzed represents a saturated A
or B horizon, the & vaines determined from
seil survey data for these twe horizons take
precedence in the model. Subseguently the g¢
values and the &, values of regimes 8 and 4
are apportioned to each zone of the watershed
in proportion to the free-water limit (&,) of the
topsoil:

Fr {(zone) = Mg * Guaz 1 * G {Z0NE) /Gy

21]

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 teo the depth of the topsoil
horizon in each zone or hydrologic response
unit. Reuting coefficients {m, and m,;) remain
unchanged for each regime, but the storage
potentials (G) and the maximum outfiows
{@me) are unique for each zone.

Homaz — G/m [22]

Evapotranspiration is drawn from both G
and AWC when roots are present. Geologic
research is needed to develop concepts of flow
regimes associated with specific depths in
the profile. In the meaniime 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 subseguent
regimes. Roots are arbitrarily designated as
drawing water from the first two regimes,
often creating a deficit in AWC to be satisfied
before accruals fo subsequeni regimes can
occur. Therefore AWC, and AWC, are required
input. AWC, is obtained from the moisture
tension data of the first layer. AWC. is esti-
mated from the meisture tension data below
the first layer fo 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
AWC 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 funciion separate from evapo-
transpiration. It is extracted from depression
storage {(Vd)} or from the sum of free water in
regimes 1 and 2 as the product of pan evapora-
tion. The fraction total large pores (G, and
.} occupied by free water are raised to a
power of 1 for sands and a power of 2 for clays,
ie, if the ratio AWC/(G is equeal to or less than
0.7, the tfexture is considered sand and the
exponent is taken as 1.0; if the ratic 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 ¢han-
nel inflow. Aliocation 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 siream channel.
Infiltration in excess of AWC in the root zone
is routed through storage of subsequent
regimes by equation [14] and aceumulated 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 m. in
equation [16] tc cbtain the outfiow 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 experimenta] watersheds listed
in table 1. Water yields were computed on a
continuing basis (table 7}, and monthly and
annual! yields were used fo test the results
statistically. Ranoff computed by the model is
compared graphically with runoff computed
from correlation with precipitation in figures
10-13 and statistically in table B,

The regression of observed runoff on pre-
cipitation assumed the relationship v = ¢
+ ba. Howaver, since the regression of ob-
served runoff on values computed by USDAHIL—
74 assumed o =— § und b = 1.0, the estimate of
S, for the latter was ermputed as indicated in
the footnote of table 8. The resulfing »? values

are estimates of the variance in observed runoff
reflected by the respective predictor, precipita-
tion or USDAHIL-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 zene in figure 16 gre
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
Agricuitural Research Service,

Awareness of such possibilities may stimu-
late speculation in regard to engineering ap-
plications., Overland fiows, evapotranspiration,

16

C W-97, Coshacton, Chio
A W-[t, Hastings, Nebr.
— B 'W-3, Ft. Louderdale, Fla.
X W-G, Riesel, Tex.
NOTE: For W-3, multiply Q
and P valuss by 2.
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Fioure 1G—Precipitation-runsff relationships for annual runof at four watersheds.




TABLE 7.— Precipitation, observed runoff, and runoff as computed by USDAHL-7} model for 4 watersheds®

W-97, Coghocton, Ohic W-11, Hastings, Nebr. W-3, Ft. Laudercale, Fla. W—G, Riesel, Tex.
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TABLE 7.—Precipitation, observed runoff, and runoff as computed by USDAHI~74 model for 4 watersheds'—Con.

W-97, Coshocton, Chie W-11, Hastings, Nehr. W-3, Ft. Lauderdale, ¥la. W-G, Riesel, Tex.

Year and
month Precipi- Observed Computed Precipi- Observed Computed Precipi- Observed Computed Precipi- Observed Computed
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TABLE 7.—Precipitation, observed runoff, and runoff a3 computed by USDAHL-74 model for 4 wotersheds'—Con.

W-97, Coshocton, Chio ‘W-11, Hastings, Nebr. W-5, Ft. Lauderdale, Fla. W-3G, Riesel, Tex,

Precipi- Observed Compuled Precipi- Observed Computed Precipi- Observed Computed Precipi- Observed Computed
tation runoff runed tation runaff unod tation roncif runaf tation runof rungf

Inches Trches Tnches Tnches Inches Inches Inches Irckes Tnches Tnches Tnches Taches

3.28 . .85 4.29
2.68 . B 2.20
2.84 . 10 2.24

.25 8.92

¢
.25 ¢ 1.11
; ¢ .29
a1 .15 15

1.59

26.58 .38 7.22 25 .42

2.7 .19 1.35
.50 A8 .83
884 15 3.80
5.78 .03 2.41
3.4 .86 .44
3.30 V1B .01
3.42 Rl .0
3.50 A7 a7

.66 0

.84 .m 0
1.77 04 14
.61 2.15

155:555155@9_

[

1040 11.61

1 Precipitation adjusted for snownielt estimatea,
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F1GURE 11.—Chart showing accuracy of USDAHL-74 model for estimating annual computed ruonoff as compared
with annual measured runoff at four watersheds.
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FIGURE 13.—Chart showing accuracy of USDAHL-74 model for estimating
cumulative computed runoff as compared with cumulative measured
runoff at four watersheds.
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TABLE 8.—Correlation of observed runoff with observed precipilation and with ramoff compuled by
USDAHIL-?L model based on 1-month runcff period for 4 walersheds

‘Watershed and independent variabile ! 0t

Ohserved
runoff
{from 0 to—)

b1 S,

W97, Coshoceton, Ohio:
Observed precipitation
Computed runoff _ , _______ . __.._

W-11, 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

.57 §.30

41

21 5.22
1.24

= 10.99
57

.26 8.88

42 : 10.99

t Runeff s computed by USDAHL-T4 model; r is for unbiased fit of computed vs. observed, where

r=+/I=8./5,
8.*= D) (observed —computed)?/(N-2)

8.2 =[ 2i(observed?) —(observed)?/N}/(N-1}. Precipitation adjusted for snow and snowmelt.

N =number of observations.
* Correlation equation: y—=a+da.

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 provide
runoff water for crop production on a lower,
leveled bench of land, and in many other de-
signs for agronomic practices {o 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 esgential if we are to achieve comprehensive
planning.

Flood hydrographs continue to be of inter-
est to watershed engineers. Figure 17 pre-

sents a computation of the annual hydrograph
of average daily flows for W-3, F't. Landerdale,
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 permutza-
tions of so many conditions and characteristics
that a concise summary is not yet feasible, In
general, the parameters affecting water yieid
are goil depths, root depths, evaporation rates,
and the annual distribution of rainfall, whereas
flood peaks and recession flows are most sensi-
tive to rainfall intensities and the sforage 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

fiald capocity
Zone |, UPLANDS

=]

™

fiald capaocity
Zone 2, MILLSIDES

o

MOISTURE, INCHES
ry

Zone 3, BOTTOM LANDS

1960

FraurRe 14,—Available moisture in upper 6 feet of soil or soil! moisture regimes at W-87, Coshocton, Ohio, as
computed by USDAHL-T4 model.




USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

CASCADING OVERLAND FLOWS ON THREE SQIL ZONES
w-I1, Hastings, Nebr., 6/15/57 USDAHL Model-74

Zona |, UFLANDS

2400

Figure 15.—Depth and rate of cascading overland flows on three successive soil zones of W-11, Hastings, Nebr.,,
June 15, 1857, as computed by USDAHL-74 model.

EVAPOTRANSPIRATION ON THREE HYDROLOGIC
RESPONSE ZONES USDAHL Model-74
[~ W-97, Coshocton, Dhio

RAIN + SNOWMELT
t—=a ZONE I, UPLANDS
a——a ZONE 2, HILLSIDES
a---x ZONE 3, BOTTOM LANDS

_— [x"] 2] (]
w a B ] &
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[

e L | 1 1 : I ! 41
96 144~ 168 192 216 240 264 288 M2 336 380
DAYS, 1360

FIGURE 16.—~Evapotranspiration on three hydrologic response zones of W-97, Coshecton, Ohie, as computed by
USDAHL-74 model,
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FUTURE RESEARCH

Trial applications of the USDAHI74
model indicated several ecritical 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 patferns in layered soils, (8} 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 fo have
& befier representation of the national spec-

frum 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
seqnence, Thus a sequence of best estimates
will be maintained while research continues
to improve each component.
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APPENDIX

The original USDAHI-70 model program
was written with two major objectives—
clarity and wversatility. 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 partficular
research interest they are readily available.

The program was developed on an IBM
86065 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 epu 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,
compilation time is 2.5 minutes, and, using the
same watershed previously described, the run
time iz 28 cpu seconds per year.

The program is composed of 14 subroutines
in addition to the MAIN, and it confains num-
erons commengs that can be referred fo 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) Watershed, (2) zones, (8)
soils, (4) routing (channel ond subsurface),
(8) cascading, and (6) lond use. Table 9 gives
the format for the input parameters. A sample
program printout of input parameters appears
in tables 12 and 18. The maximum “g’s” and
the recession coefficients under SUBSURFACE
PARAMS 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 inciude 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 te 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 heginning 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 arder 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
“¥es,” then at least one card must be present
each vear. If no change occurred for a given

year, enter a blank card. I 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 caleulation. If a partial year is calculated,
blank cards may be inserted for the weeks not
included in the caleulation, but 13 cards must
be submitted.

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

{Items (1) through
PARAMS.)

(82) are read in subroutine

{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.

(35 W/S, acres Watershed acreage.

(4) Number of zones . .__Number of hydrologic re-

sponse units. See figure 1.

{5) Routing coefficients:
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
recharge, in/h.

Deep percolation rate that
doeg not show up in reces-
sion curve. See Hydro-
geology section in text.

(8) Does land use
change?
Yes/No.

If any ecrop distribution
percents  within  zones
change during period of
run, answer "“Yes,”
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Does tillage change? Is the tillage practice avail-
Yes/No. able yearly for each crop?
(If “No,” only include prac-
tice for first year of calen-
lation for every crop.
Answer “No" even if prac-
tice is available for some
but not all ecrvops.)

Z number Zone number. “1"” is up-

land.

%W/S Percent areal distribution

of soil zones in watershed.

Average length of flow on
zone.

Slepe of zone.

Final rate of infiltration
after prolonged wetting.

See Literature Cited (18).

Topsoil, in Depth in inches of A hori-

zon or topsoil. See fable 2.

Total soil, in Depth in inches of aerated,
well-drained soil including

topscil. See table 2.
Zone number.

% Percent of topsoil depth
drained by gravity. 0-0.3
bar. See table 4,

AWC, . .._... __Parcent of topsoil depth
drained by plants. 0.3-15

bar. See table 4.

.. Percent of topsoil depth
holding water at beginning
of calenlation period. This
total cannot exceed percent
G, + percent AWC.

ecracking Percent of topsoil depth
subject to ecracking. See

equation 4.

% G, S AWC, o
ASM; % crack-

Same as previously except
they refer to soil profile he-
low topsoil.

Caleulation interval de-
sired for channel routing.
Must divide evenly into
24,0 and should be less than
or equal to one-fifth of
channe! routing coefficient.

Channel routing coeflicient.
See figures 8 and 9.

{25) Imitial, in/h ..... .. Rate of channel flow at
beginning of ecaleulation
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
glevation or aspeet at tem-
perature station and major

part of watershed.

{28) ¢ to g, in/h . ____ __Maximum rates of Row as-
sociated with each linear
segment of recession curve
except channel flow seg-
ment. If recession has only
a channel fiow sepment, this
card is deleted. Fields not
pertaining to watershed
may be left blank. (q is
largest rate, g, is smallest.}

My te my, h ... .. .Routing coefficients of seg-
ments, not including chan-
nel. (m, is smallest coeffi-

cient, m, is largest.}

o¢ subflow diverted
to channel.

Percent subsurface flow
from zones above alluvium
that does not cascade allu-
vium but goes directly to
channel. See figure 1.

(81} %¢z. cascading Percent overland fow that
Zre. 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
LANTUSE)

(47) are read in subroutine

cw._-Name of each crop (not
more than eight letters per
crop starting in eolumn 1).

{33) Crop name

{34} ¢ values .. . .. Basal area of wvegetation
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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{36y FT/BEP ___________ Ratio of maximum evapo-
transpiration amount fo
maximurm pan evaporation
for a year. See “k” valve in

equation 2,

{37) Root depth, in ______ Root depth. See table 2.

88 P Temperature (°F} above
which erop’s ET is im-
paired,

(39 ' o Temperature {(°F) 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
sectiong of table 9.

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

{40) Temperatures ______ Consecutive weekly aver-
ages of daily mean tem-
peratures {°F}. Average
temperature for first week
begins in column 42 of card
1; temperature for b2d
week begins in column 73
of card 13.

{d1} Crop name _.__.___._ This name must mateh ex-
actly the name given in
itemt 33, Delete unused
cards,

{42) GZ . .. Percent reduction in evapo-
transpiration atéributable
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
mey not be In same week,
Month, day, year.

{d8) Z number . _._______ Zone number.

{46) % CrOP oo Percent of zome in crop.
Sum of percents for a given
zone must equal 100.

(47) EP,infd o Consecutive weekly aver-
ages of daily pan evapora-
tion,

The input precipitation ean be breakpoint or
standard time intervals. Bach 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 hours 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, af 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 fime.
A calculation can begin and end at any time
during a yvear. When continuous years of data
are run, each year must end with a 1231YR
2400 AP 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 pasrameters to USDAHL- 74 model

USDA HYDROGRAPH LABORATORY 1974 MODEL

OF WATERSHED HYDROLOGY— PARAMETERS

e

CROP HAMES
A VALUE
vd, |
ET/EP
ROOTOEPTH, M

p.g
=
9]
s}
=z
-t
o]
B
o
=
=
3
5]
=
Z
b
Q@
-
=11
=3
=
c
o
=)
=
o
b
=
=]
=
]
=z
)a
o
|
=
7]
=]
L]
Lo}
=
=
=
=]
)
=

* Total svil inches are determined as depth of aerated soil; may be limited by water table, but roust exceed topsoil by at least 1 inch to avoid
error checka.

#* WP, and WP, = wilting peint in percent volome of topsoil and layer 2, respectively. (OPTIONAL)

**=« INIT, SNOW iz in water equivalent; THAW is temperatore at which anowmelt starts.




TABLE 10.—Format for input date to USDAHL-74 model

USDA HYDROGRAPH LABORATORY (974 MODEL OF WATERSHED HYDROLOGY — DATA

L
]
]
|
L

LRt a2 L NENYIE

]

ANK CARD ®#

2K 32| == (o
AD0TOMIAH OIHSIILYVM d0 TEAOW dASIATY PLTHVAEN

RAEFEMETIOW, T 15 SR | Y- T TR = P ARERRER . LT SRR [ 1N SR

* If “TILLAGE CHANGE" is answered *Yes" in table 9, enter cards cach year. If answered “No,” enter no cards after first year. First year
“TIL symbols: GE = % reduction by grazing or damage; PLO = turnplow; PLA = plant; HAR = harvest; CUL = cultivate.

= jf "LAND USE CHANGE" is answered “Yes” in table 9, (1) blank card follows "% ecrop” <ards each yeor or {2) blank card czly if ne o
change. If anzwered “No" in table 9, blank card follows "% crop” cards first yvear only. o




TABLE 11.-—Card formai for input precipitation to USDAHIL-7} model

USBA HYDUROGRAPH LABCRATORY 1974 MODEL OF WATERSHED HYDROLOGY — RAINFALL

STATION ,
IDENTIFICATION

SAMPLE

222222222
3333 33333
44 4444444
55555 5555
6GGE6E6666
777 177777
8888888088

5555 5@
6666660%

89929999499

' MMDDYY = menth, day, year.

399 2989999

AT

L6 27 29|

L
222
333
Ha4
555
666
777
888

999

0000000
454 45 &6
IR
0222[222
3333333
4444444

5555555

6666666
TTITITT
8888E88

389 [999

999 9989999

QG00000

158 59 6061 |62 63 64

ARR1AN
2222222

3333333
34440444
5555%55
566 566
H???FTT
BBEBFBB

B88BSY

9999999

2 Time in hours and minutes tmilitary). 3Prscipi1minn increment in inches.

9999998

gagseass

§399923%9

=3
=
Q
o
=
b
]
5
[
w
=
&
&
-
N
2
=2
e
-
=
fufy
L
c
'?’
o
=
I
T
=l
=3
=
!
2
3
=
=
-
o f2
o
e
lw]
&
3
e
ol
=
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Qutput Files are printed to this file. Sze tables 12-14. Param-

Five output files are produced by the model.  eter values in tables 12 and 13 are printed

Each file will be discussed separately. IPRIN  once at the beginning of execution. Annual data

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

TABLE 12.—Sample program printout of various input perameters to
USDAHL-7% model

OSDARL *74 NODEL CF WATERSHED HYDROLOGY

FXAMPLE: QUTPUT FOR NLY 3 OF S EFFICIENTS "ABOGVE WE{RY., SURFALCE FLAOW =
HRNENFRA=NNG ITFY aN0D RASE ELOW RELOW THE WEIR="NFESETE"

STORN HYDROGRAPHS HILE PE PRIYTED FOR THE POLLOWING DATES:
KD DRY (JULIAN} YR
6 28 17 57 & I3 180 57 & 30 181 57
122 22 59 1 23 23 59 i 24 58

WETERSHED PARAMETERS

ACRES= 10060-0 HUKBER OF EONES= 3.0 ATG COEFF: TOTAL= 5.0 KBOYE REIS= 3.0 HUKBER OF CROBS= 7.0
DEEF GROUND WATER RECHARGE= B.OB120 DOES LAHP USE CHANGEY YES DOES YEARLY TILLAGE CHARGE? MO
GEAERAL ZONE PARAMETERS
TORE i B/S TEVCGTH CETHE TOP MERATED DPIH
1 68.0 5385. 4.0 B
2 2480 1904, L] 50.0
3 8.0 &3u. @ 6.0
50IL PAREABETERS
L2OHE % Gt X AGMZ T CRAXZ
1 1o . 12.3 0.
2 1.4 12.3 0.
3 1.4 2.3 .

ROUIING PARAHETERS

CHAEMEL ROBTING DELT T= ©,250 CHAHNHEL COEFFICIENT= IBITIAL STREAR Fids 0,00250 IHETIAL SHCW COWERe 0.0

SUBSURFACE PARARNS

REGINE Q-HAax COEFFICIENT

06,3050 6.90
0. 01680 31.00
0.00320 151,08
0. 0DgEY 5970.00

COZPPICIERTS AMD BAXIMUN Q'S PROPORTLOMNMED TC ZOHES ACCORDING TE TOFSOIL DEFTE

REGIRE ] Q zi u Z2 Q 2 L] [ I
1 F.82 o.131216 4.60 1.51054u 4.58 ©.373591
2 5.5 0.0E361Y 50 0.965062 i6.82 0. 238051
3 151.40 L. 003090 151.04 a.0a27ve7 151.06 0, 0854830
L] 5976.04Q 0.00081E 5970.08 0.000545 5970.09 9.049109%

CASCADING PARKHETERS

X TO HEXT ZOKE REST GUDES TO?

3 20,0 ALLOVIUS

2 0.0 CHANNEL
(100% OF KLLUYIHUM (ZONE 23} FLC S0ES TC CHANHEL)
{RAASFPLO DIVERTED PRON ALLUVION® 0.0

THE SO0IL FARAMETERS IN IACHES FOLLOK.

TONE LAYER G ANC 5A CRACKING T{18/HR)
1 1.026 1.791 1.557 0.0a48
£,273 .84 B.00u3

D.p0Y8
B.0012
0,9683
09,0039
0.0017
B.0812
B.23%2
0.0087
¢.0q23
0.0012

(=]

N
= o
LR~ &l

LR o B WA = T k)
OGWVuD S he SO

COoOO00DARDNODOOn
CoO00CaODoODBOm

DO R DD WD
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TABLE 18.—Sample progrom printout of input land-use parameters fo
USDAHI-7} model and computed GI curves

. BART USE PARAMETERS

GRYHAY
.30
0.05
i.20
4.08
29.00
32.00

PASTRE
q.7a
.08
1.00
EL ]
BG .00
32,00

CEERNGE
0.20
.05
1.5¢
24.00
85,040
us.o0

NCODS
1.00
0.05
2.00

60,00
RO.00
Is.00

HALZ
G.60
0.05
1.20
30.00
86,00
3z2.00

IDLE KRISCEL
A YALUES 50
CRQE ¥D
Ly ¥43
ROOT DEPTH
UFPER TEKE
LOWER TEKP

¢.08
1.40¢
15.00
aag,.090
35.00

TILLAGE PRACTICE 35 WOT AVAILABLE FOR YEAGRLY IREUT.
HILL BE W5ED FOR ALL OF THE YIARS.

THE TILLAGE FRACTICE FQR THE FIRST YIAR OF CALCULATIOR

CEOP % GRAZIYG TILLAGE PRACIEICES

CCRUGE 1] PLQ  W34857 FLL 5 957 HAR 52857 PLA 101157

GRNHRY HAR 72057

Het3 HXR 33057 HAR &3557 Ham & 157

PASTHE HOWE

ROQES HOBE

IDLiE HONE

HISCEL NORE

GE CURYES
NEEK GHRHERY
g.30
.30
0.30
0.30
g. 30
g.30
0.20
4.34
0. 3¢
G, 30
2.3t
¢.30
4. 30
9.30
0.0
.57
&.72
Q.36
0.73
2.6%
0.65
0.§5
8.7¢
0.93
0. 84
Q.76
0.79
S.82
.28
[
G.Eu

BAY2
0.30
4.30
9.38
4.30
Q. 3¢
¢.30
Q.30
.30
9.30
.30
0.
0.30
4.3
.30
6.30
.57
a.12
Q.36
¢.73
0.61
B.65
G.20
€.32
0,63
Q.79
0.45
.54
.68
0,87
4,81

WE2
0,80
.69
0.73
0.E5
0.1
O.16
a.75
0,48
G.49
Gy
B L0
9. 30
0.32
8.36
8,32
9.3¢
0,30
0,30
.30
0,14
3,30

PASTIRE CCENGE ROGDRS
g.30 3.30 0.3G
4.3¢C t,30 0.30
£.30 4.30 .30
4.30 4.30 Q.30
0.30 0.30 4.30
8.30 B.3g 0.3¢
6,230 4.3¢ 9.30
g.3¢ 0.30 030
0.3¢ 0.30 0.34
.39 8.30
0.30 0.30
B.30 3.30
0.30 a.39
f4.240 0.39
&30 .39
.36
.54
1.00
G. 10
4,10
9.2z
0.3
a,at
Q.65
¢.57
0.5%
6.63
4.f6

MWISCEL
.30
0.3g
.39
Q.30
0.30
G.30
6.30
£.20
0.30
¢.30
G.31
0.30
Q.30
0. 30
0.0
u.57
G.73
Q.36
0.71
0,61
0.65
.65
a.7¢
0.82
0.8u
4.7
9.1%
©.82
0.93
0.5
.88
0.2
2.78
a.75
0.85
4,71
0.76
0.7%
B.48
Q.09
G481
Q.hE
0.30
a.32
0.3
0.32
G.30
0,30
0.30
Q.30
2.30
0.3¢

1
2
3
L}
5
3
ki
]
2

Wi
-y

coLnoooooeUaga
oo W L L L
TH LA =y bl €3 63 £

<
~d
@

W
e

)
-y
00 & e b G0 e L B

0 np nd o8 M3 O R oh LR
-

@y
a3 ta

OO0 GT 00D G0

0.72

o
e

8.7
B.73
0.8y
4,649
0.75
.74
Q.42
0.45
B.37
B.36
0.3¢
J.30
a.3¢
.30
.30
0.3¢0
.30
4.30
4.30
.20

0.75
¢.85

N

0.52
0,59
0.58
£.09
6.1
¢.10
0.33
017
0.22
0,26
0.24
[ 1]
a.34
0,30
.30
B.20
.39

a7, 57
33.85
47,29
36.21
it.7%9
31.58%
29.2%
qu.3%
35.4%

4.34
0.39
0.30
0.30
Q.30
0.30
d.30
$.30
.30

OO oOCO oAU oOCOoNoDOOONDDO Do

R R

M b i A o o lar o L B 5 0 8 Tl o d O nd wd £ GO O D =
COQOCORNTRNO D I AN o WIA D RS b O

IF h ZOXE IS5 NOT BRERTIOHED, YALUES OF PREIVIOUS YEMR ARE ASSURED.

31.0%

LLYD OSE POR TEAR 1%57 FOLLOXS,

ZoHE 1 GRFHAE= 313.0% PASTHEx 22.0% CORBGR=: 13.0% ROOBSs 10.0% HAT 2= IDLEs 7.0%

RISCEL=

ZONE 32
RISCEL=

ZONE 3
K1SCEL=

GRNEAY=

GREEAY=

4,0%

9.0%
4,90%

.05
4,0%

PASTHE= 0.4%

EASTRE= 96.0%

COR¥GR=

CERHG B>

g.ox

¥OO0 5=

woobs=

96.0%

G.0%

HAY2= 6.0%

HAr2= 6.0%

IOLE=

IDLE~

0.08%

¢.0%
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TABLE 14.—Sample program printout of input pan-evaporation daia
to USDAHL-74 model

PAN EV2PORATION FOR YEAR 1957 POLIOWNS,
WEEK 1 0.040
WEEK 5 0.030
WEEK g 0.050
WEEX 13 0.080
WEEK 17 0. 1490
WEEK 21 0.1%80
WEEK 25 0.230
WEEK 29 0.230
WEEK 33 0.230
WEEK 37 0.120
WEEK 41 0.080
WEERK 45 0.050

HEEK 49 8.020

IDALY is the daily output file. Daily sum.- maries ars ghown 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.—Sample program printout of wvarious output datly summaeries
from USDAHL-7} model®

DAILY SUMMARIES FOR YZAR 1957
RUROEF
DAY RAIN LIWCHES CFsS ZOWE 1 Z0WE 2 ZONE 3
ETI:E GR SH1:2 Qc BT:¥ GE {0 ET:E &R SMi1:2
163 2.%% 1.339 257.597 0.16 G.00D 2.11 1.10 0.25 0,000 G.16 0.015 4,47
0.60 5.31 0.00 0.0 6,36
164 G. 1786 33.878 0.17 0.Co0 1,79 2.30 0.000 8.17 0.015 3.u48
0.00 5,62 6.00 0.01 6.76
165 Q. 166 20.320 0.17 0.¢80 1.65 ¢G.29 0,400 0.16 0.0G15 3.711
0.00 5.62 2.9 0.01 5.69
8.600 1.51 0.0600 0.16 0.015 2.96
5.60 ¢4.00 5.45
0.000 1.40 0.4000 0.16 0,015 2.84
.56 5.47
0.000 1.29 0.000 . 0.015 2.72
9.51 5.38
8.600 1.18 2.Gco . ¢.015 2.58%
.43 3. 34
0.000 .08 ¢.000 0.015 2,46
5.33 5.28
0.Ga0 .98 0. 000 . 0.015 2,34
5.22 . 5. 21
0.C00 8.%0 0.000 0.015 2.23
S 1 5.13
0.600 0.B3 0.000 0.415 =z,13
4,98 5.05
0.000 d.86 0.0G0 . 0.015 z,13
4,87 .97
6.000 1,90 0.000 0.014 3,95
5.23 £.95
0.C00 1.75 0.000 8.015 3.18
5.23 5,48
0.C00 1.61 0. 000 Q.0%4 3,04
5.23 5.71
G.C00 1.48 0. 080 0.014 Z.91
5.21 5.48
8.000 2.65 0.6a0 0.15 0.014 4,42
5.81 0.00 6.85
€.000 1.79 g.000 0.17 C.0814 4,34
E.34 0.03 6.92
0. 122 23.68686 ¢.C00 1.66 0.000 Q.17 0.C14 3.73
6.27 0.03 6.23
0,088 17,139 . 0.C00 1.51 G. 0400 0.315 0.015 3,18
6.25 6.0 5.46
0.005 1. 166 . 0.000 1.38 2.000 0.17 0.015 3.023
6.20¢ 0.00 3,41
g.c00 1.26 0.000 0.17 ¢.015 Z,E8
€.14 0.6 5. 40
0.000 1,36 0.015 2.95
£.07 5.38
0.000 1.26 0.815 2.82
§.01 5.36
2.000 1.68 ¢.Cty 3,18
5.5%4 5.35
0.000 1.52 g.C14 3.C1
5.93 5. 35
0.C00 1.80 0.014 3,24
Z.87 5.67

166 . 0.018 3.585

[=]
-
~=d
b
=

167 0,803 0.58%

[+a]
Py

MDA O A O DA DNO A O SONONON OO = O O
12}

168 0.002 0.316

o
W

169 0.002 0.2%u

-

COODO0OO0n
.
—

DL oCooOO00
R

170 0.601 0.278

-
u

=1

171 0.001 0.261

Lr]

(=]
oh

172 0.001 0.25¢

3173 . G.o01 0,249

174 ¢.001 0,232

o
v

175 0.400¢ T6.892

W O o
e s s
oh O o

178 . ¢.080 15.424
177 0.058 11.134

i
-

DA DR OMNOWD O 0ot O e RO ) gD
v

+

2.017 3.275

w

COOODOCOLVORCDOOOD GO
[¢a]

1.339  257.71

-

CHNONO-OaSNOMOSNONONONG R
L]

R

B O
-1 b

9.133 25.642

0
¢!
[t}
1)
4]
0
G.
g
0.
0
3}
0
0
4]
o
0
1]
0
¢
0
0

(=1
[+
L]

-

Y]

184 0.063 0.599

R

185 2.003 0.449

fa ]
[~]

8.000

-
-

A o4 s

Dt Dk It D s D D D

<

0ot D O D O

188 0.002 G.uid

[4:]
L=}

0.000

=~

187 0.008 1.039

11}
e

0.000

b = |

188 . 0.002 0,332

[+
="

0.000

I

189 0.9057 11.0648

u

¢.000

OO0 OoCOoD OO oD OO0 oo D

DO oO0DDOoO0o 0D
Eoa v o
DOoOOOoCODOO0
R

[N |

* Definitions of headings:

Julian day of the year.

Inches of rain.

Inches of fotal watershed runoff.

Mean daily cubic feet/second.

Inches of overland flow,

Upper value, ET, is zone inches of evapotranapiration;

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

Zone inches of deep ground-water coniribution, i.e, downward seepage from last layer.
Inches of scil moisture in layer 1 (upper value) and layer 2 flower value} in the zcne
at 2400 of the DAY,

Homogeneous soil/cover complex.
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TABLE 16.—Sample program printout of various outpud monthly and
annuel summaries from USDAHL-7i model

THE FALIDOWING IS & MPNTHLY SUMMARY OF WATER YIELDS 19573

R TH+ RE TN FLOW
HNTH HELT FT EVAP RUNTIFF OGNZ ITE OFFSITE
1.A00 .04 Q-006 1.Q3t 0. 998 N.TFé4
1.400 0.3%5 0.001 N.524 Q.824 Q.083
1. A90 0.987 0.004 1. 045 L.045 0:091
5.300 20158 0.362 3. 101 2. 051 0.479
1.R890 4,435 n.011 D.468 O.4A7 0.G17
4.080 4. 614 0. 170 2377 a.7i0 0.09%
7.A50 5.720 2.06% 0.745% 0. 738 ad.152
21302 1.262 J.012 0.053 G.092 0.001
3.690 1.986 0.011 0.451 O.445 G.018
1.52) 1.a%1 0.4 T.137 0,137 0. 005
2. 104 0.574 G.006 1.007 G.995 0.044
4.6l 0. 420G 0.0l8 2.42% 2.374 0.187
41.459 25.573 N.672 13.705% 10.877 2. 100

B e A L e

FONF 1 IONFE 2 IUNE 2

RETUSY FLOW RETURM FLOW RETURN FLTIH

4] NHSITF NFF5ITE LR
1.06 0.07 ¢.00
G.8A Q.15 0.00
1-15 0. 04 g.06
1.72A8 0.56 0.a¢
0. 64 0.00 4.00
1.00 0. 06 0.00
n.79 n.na 0.00
R-?24 0.C0 a.ac
G.60 Q.00 0.90
0.22 N.N0 0.ng
n.59 0.00 0.00
2.57 0.36 Q.3¢

=]

oSO OWooOoO QoD

CrSITE OFFSILTE GR Q0 ONSITE OFFSI{TF GR
lL.24& 7. 03 0.59 0.53 12.47 8.3% c.N3
n.82 ¢.00 0.00 0.0 10. 29 0. 62 J.00
Q.83 0.00 0.08 0.01 13.06 0.7 0.00
3.6l 0. 20 0.00 13.11 25.64% 3.12 a.00
0.21 0.0 0.0 0.a0 5.84 G. L7 Q.00
L.77 a.01 a.00 20.89 B.A4 0.566 G.00
0.0 0. G6 0.0 0. 04 9.22 L.O% 0.00
0.23 a.o0 ¢.00 g.00 L.1é& 0.00 0.00
0. 32 Q.00 4. 20 0.07 5.57 0.22 0.00
a.11 0.00 2.00 0.0 L.72 0.0% Q.00
0.38 0.00 a.00 0.15 12.44 0.54 ¢.030
2. 1% 0.00¢ 0. 0d 0.63 29.67 1.79 0.00

S oDoDORWaadoD
.
OSSO0 =2D0000

1
PR

EYY=R= s =]

(¢}

;o=
RO OoOMROO OO0

?.1% 13,40 G. 24 a.00 2,39 12.5% Q.31 Q.00 35.34 135.91 17,37 0.03%

THE FOLINiWING ARE SA VALUES TN INMCHES AT THE TIME THE ABNVE SUMMARY HAS SRINTEN:
70NF= 1 L.04eT 3.5906 0.454b 3.6898
7NNF= ? 0.9675 2.9157 0.4145 1.2795
7ANF= 3 1.7043 3.5779 0.8295 £.5493

THE FOIINWING ARE RF—-START VALUFS TO APPRCXIMATFE WATFRSHEC COMGIT TONS AT THE TIME THE ABNVE SUMMARY WAS PRINTED:

1KITI21 STAFAM FLO= 0.00138

IIKF T asHl T ASM2
79.%8B7 25,195
7915 25.49F%
My, A0 2%.841

FT -  RUNQEF - E - CH - SOIL  — CHAWNEL — DEPRESSIDMS-DVERLANOD-NFFSITE = -9,905
25.57% 13,705 0.672 0.no1 -N. 138 d.0 N.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.
Thisg file is written to every routing delta time
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TABLE 17.—Sample program printout of owtput streamfiow data from
USDAHL-74 model for one of storm duotes in table 9

STCGRHY HYDROGRAPH FOR YERR 1957, DAY 179
TIME BAIN VOL RUNOFF VOL (IHCHES) RUNOFF RATES (AVG IN/HE} AVG CFES
{INCHES} CHAN SUB TOT CHAN 508 10T 101

0.25 0.0 G.00 0.00 0.0009%9 C.00099 .56
0.50 G.00 0.00 ¢.00028 G.00C28 T.30
G.75 0.00 0.00 G,00028 0.00028 1. 30
1.00 0.00 0.00C 0.00028 0.00C28 1,30
1.25 0,00 0.00C 0.00028 0.00028 1. 30

12,75 g.0¢ 0.00 0.00017 0.00017 0.77
13.00 0.00C G.06 0.00017 C.00C17? 0.77
13.25 0.00 0.00 G162 0.00070 0.00232 10,73
13.5¢ 6.00 0.01 0273 6.00272 0.005US 25.17
13.7% 0.01 0.01 0.00762 0.00762 35.17
14.00 0.01 0.01 G.0083¢C 0.00630 31.€5
14.25 0.01 ¢.01 0.00430 0.00781 0.01212 55,985
18.50 0.01 0.02 0.01518 0.00889 0.02407 111.15
14.75 . 0.02 0.03 0.02583 0.01188 0.03772 174,20
15.00 . .02 0.04 0.033086 0.01212 ¢.04518 208.62
15.25 0.02 0.05 0.04248 0.01425 0.05673 261,98
15.50 0.0 0.03 0.07 0.04549 0.014248 C.05977 276.C3
15.75 . .05 €.03 0.08 G.C395¢0 0.01482 0.05432 250,85
16.00 0.06 0.03 0.09 0.03Ce7 6.01271 0.04258 201.26
16.25 0.07 .04 0.10 §.02784 0.01802 0.064587 211, 81
16.50 0.07 0.04 0.11 0.02183 9.0119:Z 0.03378 156.¢C1
16. 75 ! G.08 .05 8.13 0.¢2853 0.02253 0.05106 235,81
17.00 0.09 0.05 0.14 0.04829 0.017568 0.06597 304.66
17.25 0.11 0.05 2.16 0.06174 0.01703 G.07877 363.76
17.50 0.13 0.06 0.18 0.07509 0.01687 0.05187 424.750
17.75 4.15 0.06 6.2 g.¢8281 9.01645 0.10927 £04.59
18.00 0.18 0.07 0.24 O.11482 0.0159¢8 0.13C80 604.03
18.25 0.21 0.47 0.28 ¢.14350 0.01539 0.15889 733,74
18.50 0.28 .07 .34 0.1899¢6 0.01381 0.20377 S41.01
18.75 2.76 0.32 0.08 0.4q 0.24554 0.01278 0.25872 1194, 748
149,00 2.99 0.41 0.08 0.49 0.33835 g.Cc1020 0.34€55 1609.59
19.25 3.18 0.52 .08 0.860 0.45053 04.00560 0.45612 2106. 38
19.50 3.27 G.64 0.08 0.72 0.48939 §.00310 0.439248 2274.30
19.75 3.33 0.75 0.08 0.84 0.44622 0.00169 0.44792 2(e8.48
20.00 3.37 0.85 0.68 0.93 0.38434 0.00251 0,38€85 1786.47
20.25 3.39 G.93 0.08 1.02 0.32605 0.00481 0.33086 1527.90
20.50 3.40 1.00 .09 1.09 0.27170 0.00728 £.27898 1288.31
20.75 3.40 1.06 0.09 1.14 0.22127 c.51007 0.23138 1068. 35
21.00 3.40 1.09 6.09 1.18 0.15935 0.01244 0.17179 183,32
21.25 3. 40 1.12 0.09 1.21 €.10150 0.01324 0.11474 £29,.88
21.50 3.40 1.14 1.23 C.05974 0.01348 0.07322 338.13
21.75 3.4 T.14 .10 1.2% 0.C3877 0.01348 0.0522¢6 41,32
22.00 3.40 1.15% 1.26 0.03389 0.01649 €.05037 232.63
22.25 3.40 1.16 1.27 0.€2293 0.0G1385 0.03878 169. 87
22.50 3.40 1.16 1.28 0.01686 0.0738% 4.030M 141.82
22.75 3.40 1.17 1.28 d.cl1686 0.01385 0.03071 T41.E2
23.00 3.40 1.17 1.30 G.C2664 0.02653 C.05317 245.54
73.25 3.40 1.18 1.31 0.63078 0,.01628 0.04706 217.35
23.50 3.40 1.1% 1.32 0.525148 D.01628 0.04142 191.28
23.175 3.40 1.19 1.33 0.0251¢4 0.01628 0.04142 191.28
24.00 3.40 1.20 1.34 0.02514 0.01862¢8 0.0475%2 191.28

DoOOO OO0
SO0 OO OO
DOOO0OO0O0 ODLOooO

L]
DOoOO0DOoO0 OO0 oO OO

L A T Y

* Definitions of headinga:

Accumulated military time of day.
Channel flow.

Subsurface outflow.

Sum of CHAN and SUB.
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Table 18 lists the overland flow zone hydro- as THYD for every rainfall breakpoint fime
giraph output and is printed on the same dates interval on file IOVER.

TABLE 18.—Sumple program printout of ouimg onerlond flow data by
zones from’ USDAHL-74 model for storm dates in table 9

OVERLANDG FLOW HYDROGRAPH FOR YEAR 1857 EaY 179

ol
-
(2]
-
2]
L8]
=]
L
[
L

SE 21
G.0
£.06000
0.07¢00
0.07000
£.07CR40
0.0764¢0
£.07000
0.07000
0.13000
0.15000
€.170G0
¢. 18608
C.20000
$.200080
C,20000
Q,20000
0.215400
0.23000
£.23600
0.23008
€. 23006
0.26000
C.260C0
0. 26000
0.26000
6. 26000
€.264000
0. 26000
6691 0.27429
7354 031691
L8512 DL 44ub6
L0995y G.46819
D.61455
8.0 0.63394
0.33135 0.68383
3.223%5 B.69182
G.23304 0.71922
0. 14838 0.80525
0.31644 G.E83532¢9
0.09780 0.85297
0.03131 0.94592
0.33537 0,95115

1.02467

1. D4 EST

1.12598
15.667 1.125598
16.167 1. 17622
16.500 0.1200 1. 21827
16.550 2,5008 0.003u7 1. 22448
16.833 0.2471 0.00349 1.29236 1.03800 8.64636 0.60369 2.34360
17.000 0.1800 0.00235 ©0.083399 1.33028 1.46B17F 0.7854¢ 0.45355 2.40978
17.333 0.3600 0.00%00 0.07600 1.u0612 1.58839 1.0008C 0.5285¢ 2.54700
17,500 0.7200 0.03112 0.15972 1.3u¢76 1.70381 1.13145 0.56450 2.€1CEE
17.833 68.5100 0.066285 0.24333  1.51028 1.88832 1.53808 ©.67843 2, 74354
18.033 ¢.5500 0.08993 0.30153 1.54967 2.00272 1.79353 0.74382 2.821%2
18. 167 0.8251 8.,13028 $.376311 1.571182 2.09348 2.16929 0©0.83355 2.87225
18. 283 1.71494 Q. 18781 0.46862 1.59266 2.17030 2.62912 0.93525 2.91:566
18.416 0.4500 0.197u42 0.0828¢ 1.6313522 5 2.26025 2.55121 ©0.91855 2.96602
14,666 1. 2000 0.34170  6.67081  1.66146 2.42381 3.42287 1.09533 3.05€76
18.750 2.1600 0.46820 ©.B0280 1,6725% . . 2.47822 4.31333  1.25797 3.08673
18. 5950 0.3500 0.81933 0,75807 1.70€ud 2.61061 4.50608 1.2%134  3.15%0¢C
12016 3.3502 ¢.59132 0.93131 1.712387 2.653%23 5.47688% 1.45168 3.1317955
19.083 0.6800 0.58873 0.92886 1.72128 0.42587 0.41368  2.6968S 5.27275 1.46653 3.19538

sF 22
.0
0.06000
2,07000
G.07¢00
¢,07060
£.0700¢C
¢.87000
£.07C00
0.13000
0.16000
0.17000
£.19000
0.20000
g.z0080
0, 20000
0.200608
8.21500
C.23000
0.23000
0.23080
0.23000
C.2600C
0.26000
06.26000C
0.26000
Q.26080
0. 26000
€.26000
0.29743
0.395u9
§.6u907
0.65850
0.65430 0.77168
0.65450 ¢.8189¢9
0.76647 0.00242 é C.9279&
0.78854 0.22337 0.95028
085240 0, 30391 . 1.0131%
1.03060 ¢.27188 1.19388
1.03805 ¢. 39012 1.25€59
1.83640 0.88497 . 1.2975%
1.06756 B.43582 ¢.331B883 1.47933
1.08914 0.65895 0.42305 1,49385
1. 18844 §.55215 0,.36737 1.62781
1.18865 0.5578C 0.36960 1.67799
1.18865 0.52517 0.35650 1,82337
1.18865 £.52902 0.35806 1.82917
1. 22865 0.Z2148 ©.21258 2.06164
1.26869 f.26827 §.22763 2.20760
1.30428 0.48177 0.33855 2.22466

SE 23
8.8CG18
0.066G20
c.aren
B.Q7022
Q.07¢23
2.87827
0.07¢32
£.07033
G.13034
0.16835
G.1703¢&
d.19037
£,20038
0. 20039
8.20Cu¢
0.2000%
0. 21542
C.23004
g.33082
G.230u6
4.23Cu9
0.26050
G.2605¢
0, 26052
B, 2€055
0. 26061
C.26C7%
0.26072
0.29€87
035241
0.65160
0.71900

TIKE RAINT Q
3,333
3.667
3.917
5.0%7
4,317
4,917
5.917
6.083
6.250
6£.500
6,867
6.7%7
&.967
7.067
7.367
F.u17
7.708
8.000
8.100
8.400
8.867
9.000
9. 104
9,400
160,000
11.00¢
13.000
13.050
13.083
13.187
13.437
13.817
13.817
14.080
4,133
14,167
14. 250
14.500
4. 600
14.667
14,987
15.000
15. 250
15.350
15. 550
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I Definitions of headings:

TIME e Increment of time.
RAINT oo ——_Rainfall intensity, in/h.
-._Overland flow, in/h, from each zone.
Depth of overland flow.
Volume of infiltration from each zone.
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The daily volumes of moisture movements in table 19 are for possible use in computations
and the midright status of soil moisture given of chemiecal transports printed on file IPOL.

TABLE 19.—Somple progrogm printout of owtput datly summaries for input to pollution sub-
routines from USDAHL-74 model for wuse in studies of wmoisture movement or chemical
transports ?

DATLY SURHARTIES FOR IBPUT TO FOLEUTION

IRBAY TENP g Ev GR [13+7] RUHCE
L2 Lt 2 L3 Ly L3 Lu

57163 T6.7 I 0.1 0,000 0.a060 ¢.0600 C.O0C 0.999 1,142 0.¢

STTE3 76.7 22 0.03% C.000 9,000 0.000 €.0C0 0.600 1.899 ¢.657

57463 76.7 23 0.033 4.0 N L.000 9.00%9 R.008 B,.07572,83276.567

57164 5.7 Zi 0.012 0.00Q 0.000 9.000 G.00€ 0,000 0,082 .0
57164 75.7 22 4. 0.0¢6 0.000 9.000 0.000 G.00¢ 0,900 0,002 0.0
51168 6.7 G.077 6.4 0.0 2.0 0.4904% 0,915 0,083 ), 348

57165 76,7 . 0.401 €.000 ¢.000 8.000 ¢.00¢ 9,000
573180 76.7 . 0,016 0.0 0.50¢ 0.000 £.000 0.000
371465 16.7 f.Gca1 . 9.0 0.0 - ¢.808 Q.03

57166 74.7 g.022 0.440 0,400 £.000 0.000
371é65 T6.7 3.045 0. 007 0.G80 £.0660 0.000
5Tt8é 76.7 . Q.009 0.001 6.0 Q.08 0.015

57167 78,7 4.¢38 . 0.045 0.000 G.0C0 0.000
57167 6.7 0.062 . £.000 0.080 Noged G.0d0
57167 76,7 g.019 b.d34 0,003 0.0€7 0.C15

37168 76.7 0.052 0. Q.080 0.006 G.0a0 0.¢00
S5Tig€ 76,7 G.073 €000 8,000 $.00¢ 0.C08
57168 76.7 G. 030 9.913 ¢.007 4.006 8,015

57ig® 72,3 . 0.L83 G080 0.0G3 O, G900 0,008
3169 2.2 G095 0.000 0.0840 0. 4.4¢0 0.000
57169 72.2 &. 046 0.0%) D.00E 4. G.0C5 0,015

51174 2.2 0.0585 . 0.000 G.000 0. 9.09¢0 4,000
571710 72.2 4.100 0.40G 0.4469 .000 4.000
57170 2.2 9.09% . .a08 8.009 0.004 Q.075

5711y 72,2 §.109
573711 2.2 g.101
5717 2.2 o.069

57372 2.2 8. 116
57112 V2.2 6.1
5732 72.2 g.0%%

4.000 G6.000
0.90¢ 0.000
Q.487 0.¢610

0.004 T.000
0.6400 6.000¢
0.005 .01

€.008 §.000
0.000 6.080
0.0¢3 .05

4.000 0,000
0.906 0.00¢
0.8262 0.035

P
Doo Coo
I
o

.

oL Do

D0 Oo0
.

oo ooo

COD O0a0

(o= T =

e
SO0 QOoO0

Do0 Oo

COQ OO0

+

COC oow
Oo0 oDom
cCoo Dan

51173 2.2 0.2 g.0840 G.409 C. 000 0.000
aM113 1.2 }.C99 . 0.000 6.000 0.600 0.000
571793 2.2 . 0,083 0.004 .01 4,802 0.015

3713 2.2 11 0. .16 B.000 0.000 C.0C0 D.0G0
174 72,2 22 3,.092 6,000 6.500 ¢. 000 0.000
57174 72,2 23 [ 1] 0.003 0.072 C.a61 6.015

XA kE] L2021 C.q00 0,300 ¢.300
57175 22 G.000 C.000 0.362 0.0 €.896 0,.00C ¢.0C0 O, CCF
57175 -2 23 ok 4.067 ¢.00s 2.293 0,017 £.00% Q.015 V1.4R5 6,884

* Definitions of headinga:

YERDAY Year and Julian day.
TEMP ____ . ___Average weekly temperature.
ET Evapotranspiration from layers LI and L2, in inches.
BV Evaporatien from layers L1 and L2, in inches.
Lateral outflow from layers L1, L2, L3, and L4, in inches.
-_Flow downward out of layers L1, L2, L3, and L4, ir inches.
e Ground-water recharge, ie, CN from last layer.
DQO . .. v —.Overland flow from zone, in inches.
RUNON o . _ Overland flow cascading from other zones, in inches.
QOPK .. _Peak rate of overiand flow, in/h.
SM o R Soil moistore in layers L1, L2, L3, and L4, in inches.
L Flow regime.
Z Zones 21, Z2, and Z3.
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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 Charis and Printouis 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 o the model
to get detailed daily printout (table 19) for
use in predicting chemical transports.

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

(1) INIT and PARAMS are called only
once.

(2) ETCALC, EVAP, SUBSUR, INFIL,
and PEROUT are calied for every increment
of time for every zone and should be kept to-
gether.

(8) ROUTE is called every routing delia
time,. ,

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

(5) SUMRY and LANUSE are called onee
A year.

(6) DATA and DAYS are not called on a
predictable basis since these subroutines are
called a8 a function of input precipitation.
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MAINLINE

IMITIALIZE AR-
RAYS AND DATA
SET REFEREN
VALUES

INITIALIZE ACCUMLU-
LATIONS FOR ONE
DELTA TIME

|

DETERMINE WEEK
NUMBER FOR THE
YEAR

| o —

S THE
WEEKLY TEMEHTES
2o

POLLUT

INCREMENT
TIME LOOP
1}

w| INCREMENT
ZONE INDEX

CONVERT BREAK-
POINT TIME VALLES
TO AOUTING INTER-!
VALS

4 INCREMENT
ROUTE LooP

F16URE 1B.—Flow chart of USDAHIL—74 mainline.
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S5ET END
OF YEAR
INDICATOR

- La5T
o
[
CARD BNE

SET LAST
Phee NG FIME ALK YA. INDICATOR

R
CHECK FOR STORM
UTPUT REQUEST

ADJUST
INDEX OF
DO LOOR

DATE YT .
HANOE BE- ™ YES ./ CATES WO 5r
. TWEEN OBSER: Gays BETWEE
) \BATES
ALEOLATE |
ME BETWEEN
Envnrlous

. — s .
' ETEAMINE H, IHTERPOLATE
SET UP DELTA; 401“: THAN INTEHF‘UL‘!TE

TIME AND F 24 HRS. ACCLE
(PRECIET T B O veﬁy_( MULATE

4

SET ACCUMU-
LATED TIME

: ADD DELTA

YES 4 PRECIF TO
SNOW STORA

"afiD AMOUNT
DF SMOW MELT

EQLI';\LINCI;E'
MENTS <0,
HE

SET UP uELTn]
TIME VALUES
FOR BETWEEN
RAIN¥ *INSERTING 2400
WHERE NEEDED

HAS
2400 BEEN
INSERTED

0o LOOP
SATISFIED

YES

RETURN

FI1GURE 19.—Flow chart of USDAHL-T4 data.
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ETCALC

| INITIALIZE |

CALCULATE AN
ET LIMIT FOR
EACH CROP AND
FOR THE ZONE

FIND FiRST
HORIZON WITH
WATER FOR ET

CAL CULATE
POTENTIAL
ET FOR ZONE

POTENTIAL
ET>0

CALCULATE AC-
TUAL ET LAYER
IAND 2= F(ET
POTENTIAL,.SOIL
TEXT. AND MOiS-
TURE

SUM ET FOR
ZONE

RETURN

F1GURE 20.—Fiow chart of USDAHT 74 evapotranspiration.




EVAP

o

INITIALIZE
LAYER AND
ZONE EVAP
FOR TIME

CALCULATE
POTENTIAL EVAP
FROM SURFACE
DEPRESSION
STORAGE

IS
POTENTIAL
s SURF. DEPR.
STORAGE

SET SURF. DEPR.
STORAGE TO ZERO
AND EVAP TO AMT.
OF SURF. DEPR.

1 STORAGE

CALCULATE
FREE WATER
AND TOTAL 6
YALUE FOR ZOME

USDAHIL-T4 REVISED MODEL OF WATERSHED HYDROLOGY

SUBTRACT
POTEN. EVAP
FROM DEPR.
STORAGE

CALCULATE EVAP
AS A FUNCVION

OF PAN EVAP

AND FREE WATER
STATUS

ADD THE
INCREMENT
OF EVAP TO
THE STORAGE
AVAILABLE

F1eurRe 21.—Flow chart of USDAHL-74 evaporation,
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INFIL

SET MAXIMUM POTEN-
TIAL INFILTRATION
VOLUME EQUAL TO
SUM OF DETENTION
STORAGE, RUNON
OVERLAND FLOW STOR-
AGE AND RAINFALL

y

CALCULATE A
WEIGHTED G! FOR
CROPS ON ZONE

4

CALCULATE POROSITY
AT END OF TIME PE-
RIOD ASSOCIATED WITH
ESTIMATED INFILTRA-
TION AND RATE OF IN-
FILTRATION ASSOCi-

ATED WITH THE PORO-
SITY

REDUCE ESTIMATE QF
INFILTRATION BY 005

APPORTION PRECIPITATION

EXCESS TO SURFACE

DETENTION (AQJUST BY

VOLUME OF CRACKING IF

NECESSARY) AND WHEN

THAT IS FILLED, TO OVER
FLOW

LAND
RETURN

Ficure 22, —Flow chart of USDAHL-74 infiltration.
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READ CROP
PARAMETERS

LANUSE

READ TEM-

AEINITIALIZE
TILLAGE DATA
USING FIRST

YEAR'S INFUT

TILLAGE PRACTICE

SEARCM FOR
THE CROP
WAME'S SuB-
SCRIPT

l

COSVERT
DATES TO
WEENKS OF
THE YEAR

FIRST
CALL AND

DOESN'T CHA
YEARLY?

YES

SAVE VALUES
FOR FUTURE
USE

X

CALCULATE 32
GI VALUES FOR
THE CROP

CROPS CAL-

NO

CULATED

WRITE Gi CURVES
AND TEMP TO
PRINTER

READ AND
WRITE LAND
USE PER-
CENTS

[NITIALIZE VEGE-
TATION DENSITY
AND VOLUME OF
DEPRESSIONS
FOR EACH ZONE

RETURN

F1GUuRE 23.—Flow chart of USDAHL-74 land use.
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QUTPUT

START

CALCULATE

DAILY TOTALS

AND CURRERNT
SOIL MOISTURE

PRINT DAILY
QUTPUT

REINITIALIZE.

INCREMENT
JULIAN DAY

DOES
NEW DAY SET

REQUIRE
STORM INDICATORS

QUTPUT

b

PRINT
HEADERS

SUM YEARLY -ﬂ*’T//’ﬂ_

W/S TOTALS

RETURN

Ficure 24.—Flow chart of USDAHL-74 output.
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PARAMS PEROUT

READ 1D ENTIFIC& -
TION CARDS

READ DATES FOR SET UP A FUNCTION
WHICH DE TAILED TO CALCULATE RIGHT-
O e INTOUT HAND SIDE OF ITERA-
! TION EQUATION

READ AND WRITE
GENERAL WATERSHED
PARAME TERS

CALCULATE LEFT
HAND SIDE OF EQ,,
(READ AND WRITE WHICH REMAINS CONSTANT

ZONE PARAMETERS

i

READ AND WRITE CALCULATE FIRST

S0IL PARAMETERS ESTIMATE OF DEPTH
QOF WATER AT END
OF DELTA TIiME

HANNEL ROQUTING
INFORMATION

(READ AND WRITE

CALCULATE RIGHT
HAND SIDE OF
EQUATION

/READ AND WRITE
THE BREAKPQINT g's
& ROUTING COEFFI-

CIENTS
REDUCE
COMPUTE ROUTING INITIALIZE VOLUMES RIGHT SIDE
£
COUEIEMS £°7 | |LoF sTomace EQUAL LEFT ESTIMATED

SET UP TOTAL STOR-

READ AND WRITE
AGE. INITIAL STORAGE | /7

; | CASCADING PARAM-
B INITIAL FLOW FOR ETERS

EACH REGIME

CALCULATE RATE OF
OVERLAND FLOW AT

/" WRITE QUT FINAL END OF TIME PERIOD
SOIL PARAMETER
R TR AND VOLUME OF FLOW

FOR DELTA TIME

RETURN
{ RETURN i
FicURE 26.—Flow chart of USDAHL-74 overland flow.

FicUuRE 26.—Flow chart of USDAHL-74 parameters.

INITIALIZE
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ROUTE

CALCULATE RATE OF
FLOW IN CHANNEL AT
END OF DELTA TIME

—~5 T [‘'save IT aND
A PEAK FOR | CALCULATE THE
THE DAY ASSOCIATED TIME

CALCULATE VOLUME
OF OUTFLOW AND
ADD IT TO THE
DAILY SUM

YES

IS

NO

( RETURN )

Figure 27.—Flow chart of USDAHL-74 channel flow.




ZERD VALUES AND
INCREMENT BO LOOP

ADJUST THE FLOW
! ACCORDIMGLY

USDAHI-74 REVISED MODEL OF WATERSHED HYDROLOGY

SUBSUR

SET INFLOW TO FIRST
REGIME EQUALTO DELF

COMPUTE YALUE
USED TO REDUCE
LATERAL FLOW

N LAYER |

A

INCREMENT ZONE |
DEEP GROUND-
| WATER RECHARGE |

FREEZING
TEMPERA-
TJURES

HAS
LAST REGIME
BEEN CALCWLA-

YES

is
FREE WATER
IN REGIME

YES

CALCULATE DOWNWARD
PERCOLATION POTEN-
TIAL FROM REGIME

e

YES

—— < AGUTING COEF-

i
" REGIME

wwho

NO

CALCULATE LATERAL
QUTFLOW AND ADJUST
STURAGE AVAILABLE

NO

5 D0 LOOP

and

Inflow-Quiflow =

YES

{ RETURN

‘\h
SATISFIED

f

change in storage

S = mg

Ficure 28.--Flow chart of JSPDAHL-74 subsurface flow.
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SUMRY

CALCULATE MONTHLY
INCHES OF WATERSHED
RUNOFF, EVAPORATION,
RAIN, EVAPOTRANSPIR-
ATION, DEEP SROUND-
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

PRINT INCHES OF
STORAGE AVAN.-
ABLE FOR EACH

ZONE AND LAYER

CALCULATE AND
WRITE THE IN/HR)
OF RUNOFF FOR

WATERSHED

CALCULATE AND
PRINT THE %
ANTECEDENT SCiL
MOISTURE FOR
LAYERS | AND 2
FOR EACH ZONE

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

RETURN

Figure 29.—Flow chart of USDAHL-74 annoal summaries.
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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

UeS, DEPARTHMENT 0OF AGRICULTURE HYDROGRAPH LARORATORY
HEDAHL=T4 MODEL OF WATERSHED HYDRGLOGY

VARIARLFS IM COMMON

VARTAQLF
&

&CRES
AWC
ao0L

RVD

c
CASC

CoOPY
CHIN

o]
CONE AND {ONZ

CROPS
CRPVD
CvoL
D1
DaiLy
DAMO
DELE

DELET
DELF

DELP
DELR

NELQ?
DELT
DELTF

bET
NDPE

pleied

F
FL

EP
EYEP
FTL

FC

FIL

[

GAZ
RI
I8EG
DALY
THYD

TQVER

TPRINM
IREAD

TROTA

DEFINITION

AASAL AREA OF VEGETATION (ISED AS AN I[NMDEX OF
SURFACF LONNECTED POROSITY,

NUMRER OF ACRES IN THE WATERSHED.

STORAGE DREINED By EVAPOTRANSPIRATION,

WATER STORED TN QVERLAND FLOW AT AEGINNING OF
YEAR (P RUN.

WATER STORED IN VOLUME OF DEPRESSTONS AT
BFGINNTNG OF YEAR OR PUN,

DOWNWARD SEEPAGE FROM A LAYER.

INDICATES WHETHER THE PERCENT OF OVERLAND FLOW
WHICH NOES NOT CASCANRE THE SUCCEEDING 20NF
{1.E. 1-PCAS) GOES TN CHANNEL NR THE ALLUVIUM,
SOIL LAYERS IN ZONE IN WHICH CRACKIMG OCCURS.
INCHES OF INFLOW YD THE CHANNFL FOR ONE ROUTINS
INTFRVAL.

CHANMNE, ROUTIMG CHFFFICIENT.

CHANNEL ROUTING CONSTANTS WHICH ARE FUNCTIONS
OF CM AND RDELT.

UITEPRL ARRAY OF CROP MAMFS,

VOLUME OF DFPRESSTONS ASSOCIATED wITH A CROP,
MAXIMUM VOLUMF OF CRACKTMG FOR & ZONE LAYER,
AVEPAGE DEPTW OF OVERLAND FLOW ON ZONF.
WATERSHED LNCHES OF CHANNEL QDTFLONW,
ACCUMULATION OF DorT5 TN A YEAR 4T END OF MONTHS,
INCREMFNT OF SOIL EVAPORATION FOP THE OELTA
TIMF.

INCREMENT QF FVAPQOTRANSFIRATION FROM THE
WATERSHED FOR DELTA TIME.

VOLUME OF INFILTRATION INTO A ZONF ODURING
OELTA TIMF.

INCREMENT OQF RAINFALL FOR THRE OELTA TIME,
VOLUME OF LAYERAL FLOW FROM A Z20MF FLOW REGIME
FOR & DELTA TIME, {INCHES)

INCREMENT OF LATERAL FLOW FROM ZOME,

DELTA TIME ARPAY SET UP IM DATA.

MaXIMUM DFLTA TIME FOR CALCUL 4TIONS

DURING STORMS,

VOLUMF OF EVAPOTRAMNSPIRATION CALCULATFO DURING
THE DFLTA TIMF FOR THE 70MF, {INCHES)
INCREMENT OF PRECIPITATION EXCESS. INPUT TO
OVERL AMD FLOW,

ZONE TNCHES OF OVFARLAND FLOW FOR THE NFLTE TIME,
EVAPORATION FROM THE SOTL FREE WATER.
EVAPORATION FROM SOIL FRFE WATFR FROM A ZONF
LAYEFR FOR DELTA TIME,

PaN EVAPQORATION FOR CURARENT wWFEKX,

PATIO OF MAXIMUM FT TO MAXIMUM EP FOR A CROP,
EVAPOTRANSPICATION FROM 4 ZONE LAYER

FOR NELTA TIuE.

FINAL RATF OF TNFT{TRATION AFTFR

PROLOMGBEDR WETTING.

RATE OF INFTLTRATTOM AT THE E&N OF DELTA TIMF,
STORAGREF DRAINFD RY GRAVITY,

PERCENT REBUCTION OF GI FOR GRAZING EFFECTS.
GROWTH INDEX CURVE FOR A& GIVEN CRNP.

INDICATES THE FIRST PASS THROUGH THE PROGRAM,
DATA SET REFERENGF VARTARLE FOR DATLY QUTPUT,
DATE SFT REFERENCE VARIABLE FOR STORM
HYDROGPAPH QUITPUT,

DATA SFT REFERENCF VARIABLE FOP OVERLAND FLOW
HYDAROGRAPH O1)TPUT.

4TA SET REFERENCE VARIARIE FOR OUTPUT.

BATA SET REFERENCF VAPIARLE FOR PARAMETER INPUT
AND PAN EVAPORATINN INPUT DATS,

INDICATES WHFTHER LAND USE PERCFNTS CHAMGF
NURTHG THF RUN.

Ll e e e B e e O R et o T e

in
20
an
49
50
£0
79

20
160
ito
128
139
140
150
160
170
180
196
PoG
Pln
220
230
Pet
25n
&N
]
280
2%
300
310
320
2390
340
350
360
aTo
339
390
800
ain
420
430
440
450
460
&7T0
4RD
490
508
510
528
530
5490
550
560
S50
SR
G40
600
610
K20
£30
640
&5
HhHT
A70
H80
AGD
706
7in
T2n

o7
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I TAPE DATa SFET REFERENCE VARTARLE FOR RAINFALL INPUT.

ITIL INDICATES WHETHER TILLAGE PRACTICES WILL AF
INPUT YFARLY OR THE FIRST YEAR ONLY.

IYDAY JULTAN DAY OF ThE YEAR,

IYR YFAR ASSQCIATFD WITH MONTHLY SUMMARY OUITPUT AT
THE £ND OF A YEAR,

IYRI YEAR OF PREVINUS PATNFALL (OBSESVATION,

JUL DATFS FOR WHICH DFTATLED ROQUTING ]S REQUESTED,

KCUL SAVES TILLAGE PRACTICE CONRES WHEN CQHNLY THF
FIRST YEAR IS EMTEQER,

KOATE SAVFS TILLAGE DATES WHEN DMLY FIRST YFAR IS
ENMTERFD,

wMO SAVES THE NUMRER 0OF TILLAGF EVENTS WHEN ONLY
THE FIPST YEAR IS EMTERED.

KONT SUMS MUMAFR OF PONTING DELTAS CALCULAYED
TO INDICATE P4 HRS.

M FLOW RFGIME 2QUTIMG COEFFICIEMT.

MIST FIRST MONTH OF PATNFALL INPUT DATA.

upY NaY OF RAINFALL NRSERVATINN,

MHR MILITARY HOUR FOR INPUT.

MIN MINUTFS PaAST HOUR. FOR INPUT.

L) MONTH OF RATNFALL ORSEFRVATION.

MSTOR INDTCATES WHFTHER DETAILED ROUTIMG VALUES ARF
TO BE SAVEDN FOR THE CURRENT NDATE (IYDAY).

MYR YFAR ARRAY FRAM RATNFALL RECORD.

"7 FLOW REGIME ROUTING CDEFFICIENT FOR A 70NF.

NCHFX PREVINUS WEER OF THE YEAR,

ME TOTAL MUMRER OF ELEMENTS TN OELTA TIME ARRAY
SFT UP TN SURROQUTIMNE DATA,

NEROP TOTAL NUMRER OF CROPS IN THE wWATERSHEN.

NST TOTAL WUMARER NF NATES REGQUESYTED FOR DETATLED
ANUTING PRINT OUT.

NUME TOTAL NUMBRER 0F SUBSURFACFE FLOW REGIMES
IN WATFRSHED,

NUMZ TOTAL NUMBER OF ZONES IN WATEPSHER,

NWEFK WEEK NF THE YFAR,

OLDGI WEIGHTED GBI FOR & ZONFE FOR THE PREVIQUS WFEK.,

OVA OVERLAND FLOW FACTOR FOR A ZONF.

ovi LFNGTH 0OF FLOW FO® A ZONE IM FEET.

PAGE COUNTER TO SPACE UTPUT NN A PAGE,

PaN WEEKLY BVERAGES OF DATLY VOLUMES OF PAN
EVAPORATION, (INCHFESY,

PLAS PERCENT OF OVFRLAND FLOW WHICH CASCADFS
THE SUCCEEDING 70ME.

PCHROP PERCFNT OF A CROP 1IN A ZONF.

PCZON PERCEMNT OF THFE WATERSHED IN A& SIVEN ZONF.

PEAK DaTLY MAXIMUM RATE OF CHANMEL FLOW IN IN/KA.

PRECIP SUCCERDING INCREMENTS IN THE NFLP ARPAY,

ni RATE Of LATERAL FLOW DUT OF a4 SUBSURFACE RESINE,

oLl RATE OF LATERAL FLOW QUT OF A REGIME AT THE
REGINNING NF & TIME INCAFMENT,

QMAX MAaXTMUM PATE OFf LATERAL OUTFLOW FROM a
INMF FILOW RFGIME,

noi ZO0MF PATE OF QVERLAND FLOW,

141219 ZOME PEAK OF THE AUNOFF HYOROGRAPH FOR EACH DAY.

Rz SUM  OF LATERAL FLOW RATFES FROM & ZONF.

3] RATE OF FLOW IM THE CHAMNFL.

ROELT POUTIME DFLTA TIMF. THIS VALUE SHOULD NIVIDE
TNTCO 24 WITH NO RFHAINDER.

ROOTO DEPTH NF ROOTS FGRN A CROP IN INCHFS.

RUNON WEIGHTFD INFLOW TG & ZONE WHICH IS ADDED TO
FATNFALL WHEM CALCULATING INFILTEATION,

SAl CURRENT STORAGE avAILABLE IN A 70ONE LAYER,

SCN DAILY VWOLUMES OF VFRTICAL PERCOLATION FROM
& ZOMF LAYER, (INGHFS),

SNGH BATLY VOLIIME OVERLAND FLOW FROM & 70MF. (IM.}

SEL DAILY VOLUME El e

SETL ATty VOLUME ETL.

5G1 WETGHTFD SUM TOR SOIL 6 VALUES IM THE
WATERSKED,

SGR fALLY vDLIIME SCN FROM | AST LA4YFR TO
GROUND RATER, {INCHFS).

C
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C
C
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c
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C
C
C
C
C
C
o
C
C
c
Cc
C
c
c
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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

SL SLOPF OF & ZONE [N PERCENT,
SMAX MAXTMUM STORAGE (G+AWLD)Y,
SQILD NEPTH nf AERATED S0Il.. (INCHFS).
50L DEILY VOLUME OF LaTERAL FLOW FROM & ZOME { AYER.
SRUNON DATLY SUM OF RUNON TQ & ZQME, (TNCHES).
SUBPUT WATER MOVING INTO A LAYFR DURTNA DELTA TTME,
SUAPUTI(1) IS INFILTRAYION, SURPUT (NUML+1} IS
INPUT TO SUMCM. (TNCHFS). {SURPUTIL)=CNIL-11).
SUMCN ACCUMULATED AMDUNT OF DEFP SEEPAGE WITHIM A 70NE
THIS WATER DNES NOT CONTRIBUTE TO STRFAM FLOW.
SUMET ACCUMUILATED INCHES OF EVAPOTPANSPIPATION
IN A 7ONE,
TEMP WEEKLY AVERAGES NF MEAM DAILY AIR
TEMPFRATURES, DEGRFES F.
THoW TEMPEPATURE 4T WHICH SNOWMELT STARTS. DREGREES F
TIM ARRAY NF DELTA TIMES TO AE USEDR WHEN DELTA
PRECIPITATION IS 7ERD,
TIME INCREMFNT OF TIME IN HOURS.
TL TEMP RELOW WHICH CROP'S ET DOES NOT FUNCTION,
TOPD DFPTH OF TOP SOIL. (IHCHES!.
TF TIME NF DAILY MAXIMUM FLOW IN MILITARY HOURS,
TU TEMP ABOVE WHICH CROP'S ET IS IMPAIREN,
Vo CURRENT VOLUMF OF WATFR TN DEPRFSSION STORAGE,
VIIMAX MAXTMUM VNLUME OF NEPRESSTON STORAGE FOR & ZONWE.
YEG WEIGHTED VEGETATION FACTOR FOR IMFILTRATION
FOR & 70NMF.
vOL VOLUME OF CHANMEL RUNOFF FOR A ROUTING

OFELTA TIMF.
WPP1 AND WPPZ  WILTIMG POINT OF LAYER ! &AND LAYER 2.

RESPECTIVELY,
7GI WEIGHTFD GI VaALUE FOR A ZQNE,
7OMNF IMDEX CONTROLL [MG ZONE UNDER CONSIDERATION,

COMMON AT1N) ACRESeAWCTA44) +BOLIBYDYCtash) 2 CASCIA)ODPTIS) «CHIN,
ICMLCONL 2 CONP 4 CROPS (22 T01 o CRPVD TN s VOL {4243 D1 (4} sDATLY«DAMO{LIPY »
PDELF +DELETDELF (4) +DELP{300) »OFLA (4} sDELAZ(4) +DELT(300) «DELTF«DET
BOPE (L) «DACI4) o F4FL{A 2 oFPETER (I cETLI& 47 ) oFC (6 oFTL{A) 2B (dnt]y
AGAZ (10} G (10} +GTG{10+52) yIREG«IDALY + JHYD« INVER. IPRINIREAN. IPOTA

COMMOMN TTAPF.ITTL+1YDAYCIYR(IYPI 4 JUL BN «XCUL (104101 +KDATE(INA10)
TKND {107 oKONTM{4) MDY [5) tMHR(S5) «MIN{S) +MIST, MO (S} «MSTORMYR(5) ,
PNCHEK ¢ NE s NKROP s NST o NUML s NUMZ s NWFEK o ILDGT (43 o 0DVA (4] o OVL (4} ¢
IPAGE «PAN{S2) JPCAS {4} sPCHROP {45 10) +PLZON(S) +PEAK +PRFCIP D1 {4 44]) o
AGLL 7494 +OMAX(4+5) 4G0T (4] »ONPK {41 4Q7 (6) +R1WPNELTROOTR (1 D)

COMMON RUNONIS) «SAT L4141 «SCN{AS4) sSOA0(4) sSFLI447) «SETL{442) 4561 o
LSGR {41 «SL{A) «SMAX{444) +50TLN{4) SOL(4+4) «SRUNON{4) +SUBPUT (S} »
PEUMFTIA) o SHMONIG ) S TEMPIG2) o TTM (S TIME e TLEIN) 2 TOPDI4) « TP TULLO) o
VD [4) «VOMAX LAY «VEGTL) s WOLZGT [4) v ZONESWPP 114} v WPR2 {4)

DIMFNSTON AAMOT12) +BASE (&) vORAK(4) sNAYCONLG) JDAYET (47 EMOLLIP) 4

TETHN{12) M7 {4l ) aNUMAS {4} s OFFSITI4) o OFSTHMO {12 «ONSTMO(12) »
FPRAMO{IZIARUNMOILIP) +SF (4] 2 SNO (41 « SHYMAA L4 s SUMD {12} «SUMPE [4)
ATOTENLG) ZTOTFT L4) « ZRAMIG 120 +ZCHIG 412 4 Z0FST (42 12) «7PEM 4412}
INTEGER ZNNF

REAL MeMELK[434) sM2

RHN=1./74%a
DATA SET REFERENCE VARIABLES REFER TN
THE FOLLOWING FILFS:
TDALY= NDAJLY OUTPUT,
THYD = STOARY HYPRRDGRAPH OUTPUT.
TOVER= OVERLAND FLOW HYDROGRAPH.
TPRIM= aLL OUTPAUT (THCLUDING ERPOR
MESSAGESY EXCEFPT HYDROGPAPHS,
TREAD= TNPUT PARAMETERS. LAND USE NATA.
PAN FVAPOPATION DATA,
ITAPF= TNPUT PAIMFALL DATA.
InaLy=13
IHYN=10
I0vFA=11
IFRIN=6
IPEAD=5
1TAPE=3

TPOL = 9=DAILY OQUTPUT IN SURROUTINE POLLUT

e P Rt et et et ot e g b bt et et e bt et bt bt gt g et Ll e i e e e e e e e T S S P S U0

1450
1460
1470
la8a
1490
1500
1510
1520
1530
1540
1558
1560
1570
15840
15990
L6000
1810
1620
1630
14850
14506
16A0
1670
16R0
1690
1700
171n
1720
1730
1740
1750
1760
1770
1780
1790
1800
1R1Q
1R210
1R3D
1R4&0
1850
1A60
1A70
1880
1A%0
1900
1910
19210
1930
1940
1950
19410
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
21040
211in
2120
2130
21490
2150

o9
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IPAGE=10
INITIALIZE VALUE TO IHDICATF BEGIMNNWIMA,
IREG=0
IREGL=0
L=n
LAST=0
ST=0,
DELTF=0.50
INITTALTIZE VALUES OF MOMTHLY ACCUMULA-
TIONS FOR D&YS OF THE YE&R,
JUL(1)=0
JS=1
M5TDR=0
STIm=0,
CaMfy(l1=31,
DaMO 2} =5%,
OAMC (31 =90,
DaMO(4)=12n,
CAMO (S =151.
DAMO(6Y=181.
DaMpiTi=2lo.
DAMD{BI=243,
DAMDI9)=2T3.
DaMn(10) =304,
DAMD{1})=334,
AaMO(12)=365,
REAN IN PARAMMETFRS FOR
CALL PARAMS (M7 MREGPRAS«SMO+THAW)
NX=NRFG=1
INTTIALIZE VALUES.
TRWS=0.0
BaACC=D.0
BAYR=0.0
RLCC=0,
TRA= D,
WRLSE=0.0
ROLT=1./RNFLT
CALL TNIT (ACC+RAMO.BEGR] +BERSACRAK DAYCNDAYETEACCIEMOLETAC
lETMOcETYR-FngICNT-JCGDE-LST-OFFSIT.OFGTHO-nNSTHU-RnINaPAMU-PPI,
?RUNHO.SFoSUPRA«SUMO.SUHPF-TACC-TE.TFT-TnTCN.TOTFT-TDAN-YEnRLY-
3ZBAMWZICMWZ0F ST ZPEMLVRDLTY
c READ A& PAINFALL TINPUT RECORD OF FOUR
c NASERVATIONS,
100 CALL DATA {JCONE « JS+LAST s LST o MELK e NIIMBS » SF s SNO ST TRAY THAW)
MEOUNT =]
TF(JCODE-11 12041204110
110 L=)
BA=D.,
CH=n.
ETT=0.
Ev=0.
RI=f,
HROT= ]
PO LODP THAT CONTROLS THE DELTA TIMFES
ARPAY. THE FNTIRE MOISTURE ACCOUNTIMG
TS CALCULBTFD FOR EACH DELTA TImE,
B0 610 J=1HNF
IF(LI}21171439%0
PRECIP=DFLP ()
TIME=DELT (.
RYIM=1./TIMF
ST=5T+TIMF
DFLE=D.
DELET=0,
RAIN=RAIN+PRFCIF
BASA=0.0
RO 130 ZONF=1.NUMZ
RUNON{ZONF Y =N
AZIZONFY=0.L0
BASF (FONE) =0 .9
SUBSCRIPT YNUMZ+ 1Y INDICATFS THF CRAMMFL.
HUNGNINMZ e 11 =000
NWEEK=TYDAY /T, +,99
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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

IF (NWEEK=52)142+1424141

NWFEFK=52

IF (MWEEK-MOHFK)Y 14341454143

DO 144 KRPOP = 1«NKROP

Gl (KQOP)I=GRTRIKGOP 4 NWEEK)

ER=PAN(NWFF®1
NO LOOP THAT CONTROLS THE ZONE ARRAYS,
THF ACCNUNTING I% CALCULATED FOR EVFRY
7ONF AMD FLOW REGIME FOR EACH DFLTA
TIMF.

DO 2RO ZONF=1sMIMZ

IF(TFMP (NWFFK}=2H.] 15241524157

DET=0.0

ETLtZONF.1)=0,0

ETL{ZONEs?3=0.0

E=0.0

EL(ZOMNE.1)=n.0

EL (70OME «2)=0.0

GO TN 160
THE EVAPOTRANSPIRATION SURRQUTTNE Rf-
COVFRS AVAILABLE STORAGF (POROSITY} BY
DLANT SE.

Call ETCALC

DFLET=DELET+DET*ACZON{ ZONE)
THE EVAPORATION SUAPOUTINE RECOVERS
AVATLAALE STORPAGE AY DIRECT EVAPORPATION
FROM THF SNTL FREEWATER,

CALLL EVAP (CRAK,RHD)

DELE=DELE«F&#PCZOM(ZNNE}
THE SUASURFACE FLOW SUBROUTINE ROUTES
FREEWATER &S A& STORAGE FUNCTION TO
NOWNWARD PER{DLATION OR LBTFRAL OQUTFLOW,
IMPUT TO THF FIRST PEGIME {4 HOPIZON)
1S DELTAE INFILTRATION: ANR TNPUT TO
OTHER REGIMES IS5 PERPCOLATYTION FROM ITS
FRECEDING REGIME,

CALL SUBSUR (MZ.V)

TF (MY} 211.72114170

WBASE=0.0

Ass8=N.0

G0 T 1RS

NN 1RS LAYFR=] NX

IFIMILAYER)IYLBR«1B54 1R

BASF [ZONE)=RASE (ZONE) +DELDILAYFERI

CONTINUF

IF [(NUML-NX1190+190+186

DO 1AB LAYFR=NRES «MUML

IF(M{LAYER})) 1RA.18A.]1R7

OFFSTTIZONFY=OFFSITI70MNE)Y «DFLO(LAYER)

CONT INUF

[F(7OME-NIIMZIZ2104200.200

WBASE=RASF (NMM7)2PCZON[NUMZI «RASBPPRAS

RUNON{NUM7Z ) =RUNOM (NIIMZ ) +RASA® {1, —PRAS) /PCTONRINIIMZ)

GO TO P20

RaSA=RASR+RASE L7ONF } *PCTON{ZONF
THE INFTILTRATION SUARQUTINKE DECREASFS
AVAILASLE STORAGE DLRIMA PERIDNDS OF
PATNFALL ANN ALSO WHEN THERF IS WATER
TN SURFACE PDETENTION OR OVERLAND FLOW
STOPAGE,

IF (MUMES (MCOYNTY L NE L0 G To 2°7%

MCOUNT=MCOIINT +)
TPRECP TS TOTAL PRECIP (RAIN PLUS
SMOWMELT WETGHTED FDR A ZOME.!}

TPRFCP=PRFCTIPAMELK [ 7ONE « HCOUNT)

CALL INFIL {CRAK«M7:TPRFCP)
THF OVERLAND FLOW SUARROUTINF ROUTFES
WATFR TM EXCESS OF IMFILTRATION TO
SURFACE DETFNTION DP OVFRLAND FLOW,

CALL PERQUT (RTIM)

RLUNON I ZONE + 1 }=RLUNON{ 7Z0NF« 1 ) +DON{ZONF | *PCAS (ZONF Y oPCZON{ZONF ) /

1PC7ONIJONF+1)

IF(CASCIZONFY) 2402302240

U M R e el I e el e e e e e el e e  aiE
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P30 RUNONINUMZ+ 1) =RUNON{NUMZ + 1)+ (1 . ~PCAS(ZONE) ) #DR0{ 7ONE ) #RPCZON{ ZONF )
50 TO 250
240 RUNONINUMZ ) =RUNON INUMZ )+ (1. -PCAS[ZONE! ) =DOO({ZONF ) #PCZON(Z0MNF) /
tPCZONINUMZY
250 SUMAALZONF ) =SUIMBA {ZONE ) +RASF (ZONE}
SUMPE [7ONF ) =SUHPE [ZONF )+ QD {FONF )
SUM VALUES FOR DAILY PRINTOUT OF POLLUTION
VALUES,
QOPK = PEAK OF THE RUNOFF HYDROGFADH
FOR EACH Davy,
SCN = DaILY SUM OF ODWNWAPD PFRCOLATION
OUT OF LAYFRS 1. NUML,
SDfn DAILY SUM OF OVERLAND FLOW FO®R
& TnyE,
SEL DeILY SUM OF EV FOR EACH ZONE AND
LAYFRS 1 AND
<SETL DAILY SHM OF FOR EACH ZONE AND
LAYFRS 1 AND
SGR = SCN (HUMLY,
SaL = DAILY SUM OF SUBSURFACE FLOW FOR
EACH 70NE &ND EACH LAYER.
SRUNON= RATLY SUM OF RUNON.
DY PN LAYFR=1.7
SETL(ZONELAYER) =FTL {ZONE «LAYERI +SETL L ZONESLAYER)
SFL{ZONE +ILAYFRI=SEL(ZOMELAYER) +EL (7ONELAYER)
DO 270 LAYFR=1.NUML
SOLIZONME+LAYFRI=SOL (Z0ONF.LAYER) «DELN{LAYER)
SCNEZONE JLAYFRI=SCHIZONF . LAYER ) +SURPUT[LAYFD+]
SGR[70NE ) =SON [ Z0ONE «NUML )
IF(ROL{ZONF) =AOPKI(ZANEI}YPT1-2T1.272
QNPK (Z0NF) =001 {ZONE )
SORNEZONE) =SDBOLZONF «DN0D{ZONE)
SPUNNN{ZONF ) =SRUNON { ZONF ) « RUNON [ZONF |
SF L70NE ) =SF {70ME)+DELF [ 70NE)
CONTINUF
PRIMT OVERLAND FLOW HYDROGRAPH IF
REQUESTFD,
IF(MSTORIAND 3104360
RAINT=PRFCTPERTIM
WEITEIIOVFR.1ISTWPAINTLAQLIZ0NE)} D] (ZONE) +SFIZDNE) « 7ONME=1 4 MUM7 }
FORUATIY ToFR,3+FlO.4+4¢1X+3F9,.5)1
IREG=]
TOTAL VOLUMF OF FLOW INTO THE CHANMFL IS
THE SUM (IF NDVERLAND FLOW FROM THF ALLUVI-
UM AND FLOW SENT NIRECTLY TO THF CHANMFL
PATHER THAN CASCADEDR SFOUENTIALLY.
FLOP= RUNONENUMZ+13
[F{FLOP-0.00ND00L}32N,320.330
FLO2=0.0
INTFRPOLATION TO STANDARD DELTA TIMF
FOR ROUTINMG, DEFIMNITIOM OF VARIBRLES!:
ACC = AGCUMULATFD RUNOFF,
RACC= ACCUMULATFD MASE FLOW.
FACC= ACCUMULATFD EVAPORATTON.
FTAC= ACCUMULATED EVAPOTRANSPRISATINM.
PAE = THCREMFNT OF £.
PAET= TNCRFMFNT OF FT.
PARA= THLREMENT OF PaIN,
PAPO= TNCREWENT OF PUNGOFF.
CACC= ACCUMULATFD RalN
TACC= ACCUMIILATED TIME FROM LAST
ARFAKPOINT,
TEST=(TACC+TIMF)*RDLT-0.999
IF{TEST}3404350,350
TACC=TACC+TIME
BACC=BACC+WRASF
RACC=RACC+PPFCIP
ACC= ACC+FLOP
ETAN=ETAC+NELET
EACR=FACC+NEILE
NROT=0

i
1
1
1
i
1
1
1
1
13
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
l
1
1
1
i
1
1
1
1
1
1
1
]
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
!
l
1
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60 TO 380
PART=RDFLT-TACE
PLRO=FLOZ*PARTORTIM
PARA=WBASE#DARTSRT IM
PAET=DELET*PARTORTIM
PAE=DELE®PARTSRT [
PARA=PRECIPOPARTORTIM
TIME= FTIME=PART
WBASE=WBASE-DARA
GELET=DELET~SAET
DELE=DELE~PAE
PRECIP=PRECIP-PAPA
FLD2=FLDA-pARA
CH=ACC+PARN
ETT=ETAC+PAFT
BA=RACC+PARS
RI=PACC+PAQA
EV=FACC+PAF

NROT=]
TEST=TIMESPOLT-0,999
IFITEST) 36043704370
TARC=TIME
RACC=PRECTP

ACC= FLOZ

ETAC= DELET
EACC=DELE

BACC=WBASE

60 TO 380
HROT=TIME®RRLT+6,001
ROT=NROT=RNFLTSRTIM
PARA=WRASEsROT
FARO=FLOPoRNT
PAET=DELET=ROT
PAE=DELE°ROT
PARR=PRECIPSAOT
ACC=FLOZ-PaRQ
BACC=WBASF-PARA
ETAC=DELET-PAET
EACC=DEL E=RAE
TACC=TIME-MROTSROELT
IF(TACCY3T) 3724372
TACC=0.0
RACC=PRFCIP-PARA
RNROT=]./FLG£TINROT]
BIN=PABR*RNDQT
RIN=PARASRNROT
CHT=PARQO®RNPNT
ETIN=PAET®PNRDT
ETH=PAE2RNROT
NROT=NROT+1
IFINROT}61046101390
DO 600  I=].NRQT
IF(T-11400.6004+410
CHIN=CH

IF (B&.LT.0.0) RE=0.p
AVGR=BASROLT
TAWS=TBWS+A2
TET=ETT+TET

TE=EV+TF

TRA=TRA+RT

60 TO 42D

CHIN=CHI
TAWS=TRAWS+ATHN
AVGA=RIN#RNLT
TET=TET+ETTN
TE=TE+EIN
TRA=TRA+RIN

THE CHANNEL ROUTING SURROUTINE 15 CALLED
FOP EACH POUTIMNG DFLTA TIME (4N IMPUT
FARAMETER) THAT IS CALCULATED UNLESS
FNFLOW AND PREVIODUS OUYTFLOW ARE ROTH
7ER{l. WHEN P4 HOHPS OF ROUTING DNELTAS
HRVE BFEN CALCULATEN. DAILY ACCUMU-
LATIONS ARE PRINTED AND CHECKS FOR END
OF MONTH AMD YEAR ARE AFGUN.

63
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IF{CHIN)440+4304440
IF(R]440+4504440
Catl. ROUTF (CHC«IBFGl+RP14CHIM1«RBLT?
PRIMT STORWM HYDROGRAPH IF REQUESTED.
avGER = AVERAGE WATERSHEDR SURFACE INCHES
PER HDUR OF SUBSURFACE FLOW FOR
THE ROUTING INTERVAL,
AVERAGE WATEPSHED SURFACF TNCHES
PEF HOUR OF CHANNEL FLOW FOR THE
POUTING INTERVAL.,
SUw OF avGR AND avGR,
CURIT FEET PER SECOND EQUIVALENT
nfF AVGET.,
TOTALL WATERSHED SURFACE INCHFS QF
THANMEL FLOW FOR STIM,
MILITARY TIME OF NAY,
TOTAL WATERSHED SURFACE INCHES 0OF
SURSURFACE FLOW FQR STIM,
TNOTAL WATERSHED SURFACE INCHFS DF
BATNFALL FOR STIM,
ACCUMUILATED WATERSHEDR SURFACFE
INCHFS OF THE SUM OF CHANNEL AND
SUBSURFACE RUNOFF FOP 5TTM.
IF(MSTORIGA] 842044
STTM=(KONT+ 1) *ROELT
VOLT=DATLY+THRWS
AVGR=VOL®RNLT
AVGT-AVGER+aVGR
CFS=aVGT#1.0NB3ACRES
WRITE(IHYD 2 )STIMATRACDATILY » TAWS s YOLT+AVGR+AVEGRAVGT4CFS
FORMAT (7 ¥ oF S, 2+2KeFBaPa2h+3FT.243F11.5+F10,2)
KONT=KONT +1
IF(KONT-ICNTI 6004460460
CALL DUTPUT {BAYRWDAYCNsDAYETSETYRFYRyTCNT 1 JS«RATNSF 5T
1TANSH»TE+TET+TOTCHNs TOTET s TRASTRAMS YEARLY « XDAY W RHD)
CALL POLLUT (TPAGF.RATIN)
RAIM=0.0
KDNT=10
CCHECK FOR LEAP YEAR AMD THEN SEF IF THF
NaY OF THE YEAR IS THE LAST DAY OF A
MONTH, IF & MONTH END 15 ENCOUNTERED,
SAVF MONTHLY SUMMARY INFORMaTION,
IFLIYR=4o ([YR/4) 149044704690
TF(XDAY=37) 490+490,480
XDAvY=XRAY-]
B0 R10 MX=1.412
IF {XDAY=0AMOIMA]ISI0.500.510
MM=MX
G0 TO S29
CONT INUE
GO TO S&0
CN=D.
WOFST=0.
OMSIT=0.
00 530 FOMF=]aNUMZ
ZCM I ZONHE + MM =SUMCNEZONE )
ZPEM{Z0ME s MM =SUMPE { Z0ME )
FBAM{ ZONE s MM} =SUMBA [ ZOKNF Y
ZOFSTI7ONF «MN)=0OFFSIT{ZONE)
IF(7ONE.ED.NIIMZY GO TO S25
ONSTT=SUMBRA{7ONE} APC7ONIZONF) *PRASH+ONSTT
WOFST=QFFSTTIZONE) #RPCTON{ZONE ] #PRAS+WOFST
GO TO 930
ONSIT=SUHAL {NUMT7 ) 8P ZDONINUMZ ) +ONSTT
WOFST=0FFSTT (MNIIMZ) *RPCZON {NUMZ} «WOF5T
CN=SUMCM{ZANF ) #PCZOM{ZONF} +CN
RUNMO (MM =YFARLY
ETMD {MNI =FTY®R
EMO{MN) =EYF
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SUMD (MN) =N

RAMND {MN}=TRAN

BAMD (MN) =BAYR

DFSTHMD [MN) =WOF ST

ONSTHO (MNY =DNSTT
IF THE END OF THE YEAR OR THE END OF THE
DATA IS CALCULATEDs PRINT OUT TWF
MONTHLY SUMMARTES. STORARES AVAILARLE
TN EACH REGIME+ AND THE MOISTURE BALANCE
FOR THE TIME PERIOD.

IF (MN=12)54045R80,540

IF(L=})B0D+S5045R0

L=2

DO 570 MX=1+12

IF{XNAY=DAMO (MX})560+560.570

MA=MX

50 TO SPD

CONT INUE

MN=172

GO TO 5P0

CALL SUMRY (BAMDWBEGRI«BEGSAsCMCeCN+EMO+ETHMOLETYRIEYR+MNOFSTMO,

TONSTHO s RAMO W AUNMD s SUMD TRAN s WOFST v YFARLY « ZBAM ZCM ZOF ST e ZPEM)

SNOW=N,

DO TO0 ZOMNF=1+NUMZ

SNOW=SNOW+SMO [ 7ONE} #PCZON( 20NE)

WEAITEL{IPRINSIOOD) SMOW

FORMAT (P OSNOW=* «F8,.73]
STOP THE CALCULATION AT THE LAST DATE AND
TIME INDICATED IN DATA,

IF(LASTI5B1 45864581

JCODE=D

LAST=1
REIMITIALIZF YEARLY AND MONTHLY ACCUMU=-
LATTON VALUES.

00 583 MX=1.12

RUNMMD (MX) =n,

ETMD{HX}=0,

RAMD{MEY=D,

EMO (MXy=0,

ONSTMOIMX) =0,

DFSTMO (MX)=0,

SUMO (MX) =0,

DO S9N ZONF=1sNUMZ

TOTCN (ZONFE)I =0,

SUMPE {ZONFI=0.0

SUMRA {ZONFIY=0N.D

SUMCNiIZONF)=0.0

DFFSITI(7ONF)I=0.

pC 590 MN=1+12

ZCM (ZONE+MNYI=0,.0

ZPEM(ZONE +MNI=0,.0

ZOFST{ZONFE «MMN) =00

ZAAM(ZOGNE «MNY=0. 0

EXYR=0.0

TEANZO .0

YERARLY=D.

M15T=1

IYR=IYR+]

IYDAaY=1

HAYR=0.0

ETYR=0.
FEND OF THE rHANNEL RQUTING DO LOOP aND
FMD OF THE PATNMFALL IMPUT DFELTA TIWES
ARRAY.,

CONT TNUE

CONT INUE

L=

IF{JCODE=13100+4100,110

S¥YOP

END

P AU S S S A S S Sy Wl R WP Jy GUP RV S G G U P
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SUBROUTINE DATA fUCNDE s JS+LASTeLSTaHEL Ky NUMBS v SF s SNO+ STy TRA, THAR )
COMMON A(lﬂ}-QCQEStAHCfQ-Q?'BOLOBVﬁon¢-41OCQSC(QIQCDPTE4)'CHIN1
!CH;CONIoCBN?oCQDPSf?OIﬂ}-CRDUS(IG)cCVOL(404!-Dlt&)oﬂﬂ!LYsﬂAHO(l?lv
29ELF!DELET.9ELFI4}tDELPfBﬂO).DELQ{ﬁ}oDELQ?(&}tnELT(300)cDELTFoDET9
33?E(4]o000(4)!EGEL(QOEIQEPQETEP(IG}tETL(4$2]oFC(QItFIL(#?-G!4;4]1
QGQZ{iﬂloGI(lQ}.GIG(lﬂcE?]vIHEU.ID#LY.XHYDoIOUERoTPFINOIQE&G:IROT&
COMMON IT#QE»ITIL;IYDAY«IYR&IYR!«JUL(SH!9KCUL(10'1ﬂ)tKQhYE{IDoIG}u

1KNO{10)9KONT9H(¢}-HDY(5}|HHP{5]QNIN(SItMIST-H0t5)v“ﬁTOR-“YQfS)c

ENCHEKONE!NKRDP;NSTONUHL.NUHZONHEEFvGLDGI{Ql«OUﬁ(ﬁ]oOVL(Q]v

39#659?#”‘5?}.PC&5(¢}9PCKPOP(401ﬂ1cPC?0N(Sl-PE&K'FREFIPte{éakiu

40L1(404)99Nﬁ!(4|5}0001(4}oGGPKE&}0@2(4]-Rl-PﬂELTtRGOTD(iGI

COMMON RUNBN(SItSﬁlfﬁkﬁ}95CN$¢'4}.SﬁQﬂ(Q?-SFL(Q.?}OSETLEQQEi'Sle

1359(4}-SL{6}QSNAX{ﬁuﬁ)-SOILQ{QJcSGLf#tﬁ}tSRUNON{“!QSUBDUT(S)Q

?SUMET{4]tSHMCN{ﬁ}uTEHPt521‘TIHiS)cTIMFoTLflO?tTOPD{ﬁinTP.TUfIO}-

3Y0L4) o VOMAXLG) s VEG (4 s VOL 1 Z6I (6] s ZONE+WPP] (41 » WPPP (4}

DINFNSION DIVS(4) +DP (41 oDT{4) o HMINIG) +HRS{S) s ID {3423 s IOUMIG) «

1IS{a) aNUMRS {4} yNUMDY {21 +SF (56 ¢ SNO (41

INTEGER ZOMF

REAL MeMEL {4) 2 MELK (G a%) «MELT

OATA ISNOWIDUM/1HS,4 # 28 7
THIS PROGRAM PREPARES RREAKPOINT INPUT
DATE FOR USFE TN THE MODEL BY MELTING
INCREMENTS LABELED S FOR SNOW AS FUNCTIONS
OF TEMPERATURE . RAIN AMD VEGETLTION,
THEM ASSURTING THAT NO TIME TNCREMENT
RURING RAINFALL OR MELT !S5 GREATER THAN
0.5 HOURS ANG WHEN PRECIP STOPS. TIME
TNCREMENTS ARE SET TO 0.1+40.390.691.0G+P,00
AND 24,0 THEREAFTER. UNTIL THE MEXT RAIN.
DURTNG PAINFALL. TIME INCREMENTS THAT ARE
TOO LARGE ARE DIVIDED INTO FQUAL TIME
INCREMENTS LESS THAN 0.5 HOURS. 2400
SEADINGS 4RF INSERTER IF THEY DO NOT
APPEAR IW THE DATA. FOR THE PURPOSF OF
DISCUSSTON A RECORD COMSISTS OF & RAIN DR
SNOW ORSERVATIONS THAT ARE PREAXPOTINT
TIME AND DELTA PRECTP AMOUNTS WTTH THEIR
CORRESPONDING DATES,

c
C
c
N
C
c
c
c
c
C
C
C
c
C
c
c
c
c

TSAV=0,0
PSAY=0,
InJ-§
IDJs=¢6
READ A RECOHRD,
IF (JCOBELERL L) 6O To 18]
iI=2
READ{ITAPE,I«END=188)(MG(J}oHDY(JJrMYRtJioHHR(J‘-HIN{J)oﬂP{J-lﬁv
IS tJ=1)+d=245}
1 FORMATC(lOX. 3T X ZI2eFa. 208 ) alh) 43I s1X212sF G, 2441}
IF{MO{21-9%}100+188.100
188 IF(LAST)189.187.189
STOP THE RUN IF A TRAILER (9+5) CARD NOR AN
END OF FILE ON PRECIP NATA HAS REEN READ.
189 £ToR
187 LAST=1
181 JSCopE=2
QETURN
100 LAST=0
IF{TREG)115.+1104115
MO{T =8O (P
MYRLII=HYR(P)
HOY (1) =HDY 1?)
IFIMHR{2} 11404120140
IF{MIN{PY 14041304140
MIniR) =01
MIST=M0 (1)
IYR=MYR(])
IFIIYRILEQ.MYR{EI~1)} GO TO 190
CALL LANUSF
IYRI=IYR
MHR{TII=1}=0
MIN{II-1}=n
TTIME=D,

NNNNNNNNNNNN'\)NNNNNNNNNNN'\.I-‘\II'U'\)I'\}Nl'\.lI’\JI’\)I’\)NI’\JNNI’\JNNNNNNNNNNNNNNNNNNNNNNNNN WA N RN DN
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OTIME=0D,
TF (MYRILI=1)-45 (MYR{TI=1}/4} ,EQ.D! GO TO 118
INDYR=365
GO TD 119
INDYR=365
D 150 K=1.2
IDI1+KI=MDY(TI=1)
ID(P«KI=MO(TI-1}
ID{3+KI=MYR(II=])
CALL OAYS (IDsNDAYS NUMDY.IPRIN}
I¥YNAY=NUMDY (1)
N¥=TYDAY /T, +,99
JULTAN=TYDAY
TEST=IYPAY+1000%MYR(II~1}
[F{TEST-JUL{1)1190+160+150
IF FIRST DATE 70 BF CALCULATED IS ALSH
REQUESTFD FOR DETAILED ROUTING PRINTOUT.
INITIALTZF VALUES.
M5TOR=1
TRA=D,
JS= U5+ 1
WRITE(IHYD.2}MYRIII=11+IYDAY
FORMAT('0 STORM HYDROGRAPH FOR YEAR 19¢,12,%, DAY V,13
WRITE {IHYD <73t
3 FORMAT (Y TTME HAIN vOL RUNOFF vOL {(INCHES) RUNQOFF RATES(AYS
1 IN/HR) AVG CFSr/ /0 {INCHESY CHAM sug 0T c
ZHAN SUR TOT TRT}
HRITEIIGUER-hJMYREII—IIoIYDﬁYt{IDUM!ZONE}vZDNE-ZGNEqZONE.ZONE:].
1NUMZ)
4 FORMATU(*1OVERLAND FLOW HYDROGRAPH FOR YEAR 19T«IP,' DAY LES TP FA
1TIHE RATNT V44 AR QO ZraTler 01 Z141],1 SF 2«11}
5T=n.
10 165 70NF=1 NLMZ
SF(70NE) =0,
INITIALIZE VALUES OF DIVS«NOsNBAND MNE .
Do 200 J=1.4
OIvStJi=1.n
NO=%
NAR=1
NE=0
CHECK TH SEF TF RECORD HAS FOUR OBSFRVA-
TIONS AND ADJUST (NQ) IF NECESSARY.
DO 240 J=IT.5
IF{MDUJI I 2404270240
Ni=.j=1
IFINQ=11250+2304+250
RF TURNM
CONTINUE
FLOAT vALUES OF TIMF ORSERVATIONS AND
CHANGE MINUTES TG HOURS,
ITi=11-1
00 760 L=1T1+NQ
HRS (L} =MHA (|}
HMIN{LY=MIM (L)
HMINILI=HMINIL) /60,
REGIN RIG LONP WHICH CALCULATES ADJUSTED
THCREMENTS OF TIME.,
PO &S50 J=T1.NO
TIMi1Y=.1
FIMI2)=0.13
TIM(Il=.6
TIM{4=1.0
TIMi{SI=2.0D
KBEf<=]
CHECK FOR NATE CHAMGE.
IF (MDY (J=1)=MDY (J) 1290+ 2P0, 790
IF (MO tU=11=M0{J:1290,300,290
IF THE DATE IS DIFFERENT. SFT UP ARRAY
FOR DAYS SUMROUTINE,
IOl 1)=MDY(.j-1)
INIE«13=M01)=-1)
ID(3el1=MYP [ y-1}

mmr\:.‘urumrummmmmmmmmmmmmmmmmmrammmm I'\)NN“JNNNNNNNNNI\JN!\JNNNNN'\JNN
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IDE1+2)=MRY (U}
INE22)=Mn048)
ID{3+21=HYR{ N
CALCULATE THE NAYS RETWFEN THE TWO DATES.
CALEL DAYS {INJNDAYS NUMDY . IPRIN)
GN TO 31¢
TF DATF IS SAME. DAYS RETWEREN EDUAL ZERO.
NDAYS=0
XDAYS=NDAYS
CALCULATE TIME IN HOURS RETWEEN TWn
NASFRVATIONS,
DT1J-l)=HR§(J)bHMIN(JI—HDS(d—l)-HMIN(J~114XDAYS°2A.B
IF(TTIME-23,999)340,330,330
TTIMF=0,
OTIME=TTIME
[FITTIMESDT (J-1)-24,}360.330,350
TSay=DT {Jd=1}
BSAV=0P {J=1)
BT{J=11=24,~TTIHE
WHEN PRECIP IS LESS THAN .?5 INCHES. THE
ENTIRE QUANTITY IS USED IN FIRST DFLTa,
IFINPLJ=-11,LT.0.75} 60 To 355
09 (J-1)20P(J-11e0T{J=-)) /TSAY
TSAV=TSAV=NT (J-1}
PSAV=PSAY~NP {3~}
G0 To 370
TTIMESHRS {J) +HMIN{J}
TDENTIFIED SHNOW IS STORED.THEN “ELTED oM
FACH ZONE A4S & FUNCTION OF TEMPERATURF.
VEGFTATIVE DENSITYs AND PRECIP FALLTNG
A5 RAINM ANPY ADRFD Bark T0 PPECIF AS
WATFRSHED AVERAGE,
FF{IS{J=1) . NF.ISNOW) GD TO 372
00 371 Z0NF=) +NUMZ
SNO{ZONE ) =GNO{Z0NE) +DP {U-1}
DPiJ=1)=8,
AELT=0.
D0 ATS ZONF=] +NUMZ
IF(TEP{NW) ,LE.THAWY GO TO 379
MELI OMEY =D,
IFISNO(ZONF)Y ,LELG.Y GO TO 379
HEL (ZONE) = (TEMP (NW) -THAW)I @ {1 .-, SOVEG(ZONEI } ¢, 152DT(J-1} /P4,
1+2,20P 1t J=11}
EF{MEL {70NF) JOE.SNOIZONFIY 60O TO 374
SHO(ZONE) =aNQ (70NE ) ~MEL (7ONE }
MEL (ZONE) =MEI_{70NE) «DP (J-1}
G0 1O 375
MEIL {ZONF ) =SNQ{70NE) +DP (0= 1)
SNOIZONF)=n,
MELT=MELT+MFL{7ONE ) 9PLZONIZONE)
DE(J=1)=MFLT
IFIMELT.LF.pY GO TO 2379
DO 376 TONF=14NUM7
MELK IS5 THE WFISHTING FACTOR TO
NISTRIBUTE SNOWMELT ON THE 70NE,
MELK IZONE . J-1 1 =MEL{ZONE } /MELT
DAILY MELT IS ASSUMFD TO QCCUR 1M 4 HOURS,
IFINDT(J-1) LR .40} GO TO 377
SANJ=DT (J=13=4,0
DTty=-1=é.n
IftJs=1
Go TQ 377
00 373 70NHF=1HUMZ
MELK{ZONE «J=-11=1.
CHECK FOR OFLTA PRECIP Fouap ZERO,
IFIRP{J-11 138044804390
WETTE(IPRIN.S)
FORMAT (Y FRROR DELTA PRECIP NEGATIVE VALUE SET T ZERO!}
GO TN 4A0
TEST=DP lJ=11 /0T {dm1} =, N304
IE(TESTIS400.4]10.410
ADJ=DT (=T} ~DP {J=1) /.04

BRIV LTIV I VI VIR PRGN VIS I TR IV I U IR I O TP NN"\J'\JNNNI\J'\JNNNI\JNI\)NNNI‘\JNI\J'\JN\JN"\JNNNNNNI\JNNNNNNI’\JNNN\J"\J'\JNN
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DY {g=11=20P {J=1)/,04

InJ=1

IF(NTIJ=11=«NELTFIAS0+4504420
CHECK FDR DELTA TIME GREATER THAN NFLTF
(HSUALLY 8,5 HAOURS!. IF IT 15
GREATER. IMrREMENT DIVS. DTHER-
WISF eCCEPT THE VALUF,

TEST=DT{J=1} /DELTF

ITEST=TEST

TEST=TEST-TTEST

IFITESTI430+44304440

CIvG{J=1=TTEST

GO TO 450

DIVS{J=1}=ITEST+1

IDVeDIVSLJ=-1)
ADD THE NUMRER OF DIVISIONS FOR THE OR-
SERVATION T0 THE CURRENT TOTAL FOP THE
RECORD,

ME=NE+ 1DV
INSERT THE ADJUSTED INCREMENTS FOR
THE OBSERVATION INTD THFE ARPAY FOR THE
RECORDWWHICH WILL BF USED IN THF MAIN
BROGAAM,

00 460 K=MNR.NE

DELP{K}=DP (J-1}/DIVSI(J~1]}

DELTHKI=DT (J=13/DIVE(J=]]}
DETERMINE WFEK FOR MELT COMPUTATIONS,
WHEN 172/31 15 ENCOUNTERED SAVE REMAINING
RECORDS ON CARD AND RETURN TO MAIM TO
TO COMPLETE YEAR'S {IOMPUTATTONS.

DT IME=DTIMF+DELT (XD

LCenE=]

IFINTIME,LT.23.999) GO TO (465+560.560-5751LCODF

DTIME=D.

IF{LST.B8T.0)} GO FO 730

JULTANSJSULTAN+1

NE= HILIAN/T o +a99

IFINWLLELBPY G0N TO {465+56045604575)+LCODE

MNW=572

IF{JULTAN=THOYRY 720.710.730

LST=1

GO TO {465,560+560+575) L C0ODE

IF{JLEQ.ND) B0 TO 740

IFIRYR{J+1) 6T MYRIUY)Y GN TO Ta?

IT=.}

G0 TO T4S

I1=4s1

DP(IL=1}=PSAV

JCORE=1

MYR{II=IY=MYR{1])+]

MO(II=1)=1

MDYL{IT-1)=1

LST=0

NUMARS {J-13=NF+]

RFTURN
SET UP SUBSCHIPT 0OF THFE FIRST ITNCREMENT
OF THE MEXAT ORSERVATION TO RE EMTERED
IN THE ADJUSTED ARRAY AND CONTIMIE THE
RIG LOOR.

NASNE+]

IF{INGISTS 5754470

oP{y-1)=0.

DT I=11=A0d

IDy=s
REGINNING OF THE CALCULATION OF STANDASD
NELTA TIMES WHEN DELTA PRFECIP E£QUAL 2FRO.

HE=NB

TIMF1=0.

DO %10 K=KAFRS

KESAY=K

DELPINE} =0,

TIMEZ=TIME L« TIM K]
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TF(DTLJ=1)=TIMF2=D.00001)570+570+500
OFLTINEY=TIM{K}
TIMEI=TIMF2
OTIME=DTIMF+DELT {NE)
NE=NE+]

CONTINIIF

KSAV=h

DELPINE)=D,

TIMEZ=TIME 1474,
IF(NTtJ=1Y=TIMF2)5T0+5T0+530
TEST=24.=TTIuF]
IF(TESTISS0+.550+540
DELTINE)=TEST

TIM"-}-':?'ﬁo
OTIME=DTIMF+NELT {NE)
LCODE=?

GO TO 660

ODELT{NE}=PG,

TIMEI=TIME?
DTIME=DTIME+NELT {NE)
LCNNDE=3

GO TO 6&0

NF=NE +]

GO TG 520

DELTINEY=DT (J-1)=TIME!L
NR=NE+]
OTIME=DTIMF+NELT (NE)
LCODE=4&

GO TO 66D

IF(INJS.LELDY GO TO SBO
DP1J-11=0.

DTid=1)=5AaNn.)

InJgs=o

(30 TO 480
IF(TSAV~0.00011650+,650+¢590
DT (Jd~11=TSAV

TSAV=C.

OP{J-1Y=P5AY
IF(NPP{J=-1)1630+.600,530
TTIMF=HRS (1) +HMIN (U}
TIMFl=0,

NE =NB

IF IKSAV=51R10+610.570
TIMIKSAVI=TIMIXSAVY =DELT [NE-1)
IF(TIMIKSAYI V162046202640
KBEG=K5AV+1
IF{KREG=-51490,0430.5270
TTIME=D,

KAFGE=1

GO TO 3P0

KREG=KSAV

GO TC 490

NUMRS {J=~1y=ME+1
SAVE THE LAST RECORD ON & CARD,

MYRIII=1)=MYR{NO}

MO(TTI=1}=M0(NOD)

MDY (I 1=-1}=HDY (ND)

MHR{TI-1}=MHP {ND)

MINIIT=1)=MTN({ND)

RETURN

END
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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

SUBROUTINE Da¥Ys (OBTAINED FROM DSA)

STEVEN SCHLFESINGER JDR 1433

THIS SURROUTTINE CALCULATFES THE NUMRFR OF DAYS

FPOM ONE DATE TO A SECOND DATE FOR ANY

TWO DATES FROM JANUARY 14 1900 TO DECEMRER 31+ 1999
SURROUTINE AS FOLLOKS -

[B(1+1) = THE DAY IN THE MONTH NF THE BEGINNING DATE
ID(1+2) = THE DAY IN THE MONTH 0OF THE ENDING DATE

ID(2+1) = THE MONTH OF THE BEGIMNING DATE

ID{Z+2) = THF MONTH DF THE ENDING DATE

ID(3y1) = (AST Two DIGITS OF THE YFAR OF THF BEGINNTING DATE
ID(3+2) = ILAST TWO DIGITS OF THE YEAR OF THE ENDING DATE

IF THERE IS AN ERROR IN EITHER 0F THE DATES« NDAYS 1S SEY ERUAL

TN ZERC AND THE SUBROQUTINE RETURNS TO THE MAINLINE PROGRAM
THE TWO DRTFS MUST BE ENTERED AS & 3 BY 2 ARRAY INTO THF
SUBROUTINE DAYS {INCNDAYSMUMDY.IPRIMN)

DIMENSTION TA{1IP)Y«ID{(3+2) NUMDC{PT 4NIIMDY (2}

DO 250 J=1.2

I[N = ID(2,+J)

IF (IN} 11D¢110.100

IF (IN=12) 12041204110

WRITEIIPRINGY)

FORMAT (4}IHOMONTH NUMARER ZERQ OR GREATER THAN TWELVE)

G0 TQ 270

IF(ID(1+J)) 1BG+y180.]130

GO TO {14041604)1409150+140+1504)140y140s150¢146G9150+140}s IN
IF (ID{1+23-311 1904190.180

IF(IN{l+yY~-30) 190419041R0

IF (ID{1+)=P9il190417041R0

TFIIN{3«d) =44 {ID{3+J} /%)) L1ROy190,1R0

WRITE(IPRING?)

FORMAT (45H0DAY MNUMRER YOO LARGE FOR GIVEN MONTH OR ZERD)
GO TO 270

[Atel) = 600D
1aAc02) = 031
TAI03Y = 059
TA(G4) = 090
Ta(os} = 1720
Ta(psy =151
1A(n7) = 1Aa1
Ta¢npy = 212
TA{DN?) = 243
Iacin) = 273
140110 = 3ns
Ta¢12) = 334
NUMRY {J}) = TALIN) + IDC(]l.d}

IF {ID[3«J)) 200.230+200
IF (ID(3ed)-a2(IN{30J)} /4] 2404210240

IF (ID(2+0)=P) P40+42404270
NUMDY {J)=NUMDY (J) +]

‘60 YD 240

NUMRC L) = NUMDY ()}

GO0 1O 2RO

NUMDEC {JY =NUMDY () + 3658 ID {30« (TD{3J) =1} /4
CONTINUE

NDAYS = NUMDC(®) - MUMDC(L)

IF (NDAYS) 260+2R04280

WRITE(IPRIN.T)

FORMAT (SIHDNEGATIVE NUMBER OF DAYS ~ SECONDR DATF REFORF FIRST)
NDAYS = 0

RETURN

END
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SURROUTINE FTCALC
THIS SURPROGRAM CALCULATFS FVAPQTRANSPI-
RATION USING THE EQUA~-
TION ET=Gl#r+EP FOP POTENTIAL ZONF ET.
THEM THE POTENTIAL IS5 USED TO CALCULATE
ACTUAL ET AS AN EXPONENTIAL FUNCTION GF
SOIL MAOISTURPK.,

COMMOM A{1N) sACRESANC {44 yBNL+BYN {48 o CASC {41 +COPTIGY + CHIN,
ICMLCONL 2 CONZWCROPS {22101 sCRPVD(10] o« CVOL {4467 DY (4}« DAILY«DAMO{I2)
ROELEDELET.DELF (4) 2 DELP 1300} +DELO(4) «NELQZ {4} +sDFLT (300} vDELTFWDET,
ADPE (4T eDN0 (4 ) sFE+EL 1402 s FPeETEP {10} oETL G e 21 4FC{aY oFIL {4} +GlGrt) o
GGAZILD+GT{10) +GIGI10+SP) + IREGIDALY « IHYD+IOVERIPRINS IREAD.IROTA

COMMOM TTAPE , ITILIYDAY»IYRAIYRI UL (SO +KCUL (10410 +KDATE{LIO0+10) »
INNOILO) sKONToM{G&3 sMDY (5] s MHR{S) ¢ MIN{B] +MISTAMO(5) aMSTORIMYR(S) W
SNCHER ¢ NE 4 NHENP o NS T o NUML o NUMZ +NWEER o QLDGT (45 +OVA LY yOVL TG «

IPAGF yPANIS? ) JPCAS{G) +PCKROP (43 10) «PCZONIS) sy PFAKWPRECIP 4Ol {444 s
ARLLFS &) s GMAN {45 v QO {41+ GOPKIG) +B7 (4] JRICIDEL TROOTD{ 10}

COMMON RUNANISI »SAT (4 ed ) xSCH{G a4 4 SPENI8) «5FL (4.2« SETL (4421 950G
ISBR{AI+SLLA) «SHAX (44413 SOTLN(A) ¢ SOL (4+4) +LRUNONIST «SUBPUTIS)
PSUMFT (&) o SUMONIL) « TEMP (SR« TIMIS) « TIMF s FLO10) « TORD LS o TP TUC 10D
IVTDEAY s VDMAX (L) G WEGTA ) +VOL«ZGI{4) « ZOME«NPP1 {4 ) +» WEPZ (4)

DIMENSION ETLIMIIO) FREE(2) « XXX (2}

INTEGER ZOWF

REAL M

FY IS NPTIMUM AT FIFLD CAPACITY. DIMI-
NISHING WITH MDISTURE CONTENT RELOW FIFLD
CAPACTTY ANN OIMINISHING WITH AIR AS
FXCLUDED BY FREE WATER ABOVE FTELD
CAPACITY.

ROT=1.

BET=0.

DDET=0,

ETL{ZONEs 1} =049

ETLIZONF s 2i=01af

PROT=1.0

CALCULATE THE MAXIMUM VOLUMF OF STORAGF
PENETRATED RY FLANT ROOTS FOR EACH CROP,

TLTM=D,

DO 170 KROP=1 +NKROP

IF{PCKROPIZONE JKROPI)I130.1304305

IF{ROOQTOIKAOR) -SOILDIZONE) ) 1201104110

ETLIMI{KROPI=SHAX { ZONE + )

60 10 150

IF{ROOTOINRDR) -TOPDIZONF 1304130148

ETLIMEKROPI=N.

G0 TO 170

ROT= (RODTB{KROP} =TORPN(ZONEY) /(SOTILDI{ZONE} -TOPO (ZONFY )

ETLIMIKROP )= ANC{ZONE+2}° ROT +G{ZOME.R}

IF{7LIM-ETLIM{KROPIIIADLITOL1TR

ZLIM=ETLIMIKRORP)

PROT=ROT

CONTTHNUFE

DO Prd LAYFR=1.2

L=LAYFR

IF(LAYER=§1115+1154116

TEST=SMAX(ZONE 1} =S8 [ZNNELT)

50 TO 117

TEST=ZL IM=SA) {70NE +2)

IFITESTIZ2N+220.230

CONTINUE

GO T 400
CALCUWLATE DELT €7 FOR FaCH CROP,

D0 270 KROP=]+MKROP

IF(L-2Y260.250+250
CHECK T SEF IF CROP'S FT LIMIT HAS BEEN
EXCFEDER.

TEST=SAL{ZONE+2} - CTLIM({KRDP}

IF{TESTICOH0+2T70.270

ET=GT (KPOP) *EPRPCKROP{ZONE s KROP)} PETEPIKROPI o TIMF /24,
CALCULATE POTENTIAL DELTA ET FOR THF ZOME.

DET=DET+ET

CONT TNUE
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ADJUST THE STORAGE AVAILARLF IN THF
HORIZOM BY THE ACTURL ET FOR THE ZONE.

IF{DET)2R0.400.7290

280 WRITE{IPRIN,1)7DONESDET

I FORMAT(*IERROR IN ETCALC =~ DELTA ET FOR CROPS IN ZONEt,I2.% 1S5 NE

1GATIVE ('4FR,24%1.%)
SToP

290 LAYFo=z=L
FREFE({1}=G{7ONE,1)=SA1{ZONE. 1)
FREE (2} =G{70NE+212PROT=5A] {ZONE,2}
00 &00 K=1.2
IF(FREE{KI1ADLL293,293
FREF(K)=0.0
AXX({K)=AWC(7ONF K} /GLZONF K
CONTINUE
IF(LAYFR-11297,2974+298
ALEFT=DET
GE TO 3490
IFIFREE(1})591,591.592
X=l,-{FREE[1)/G{ZONEs1}ed XXX(1)
GO TO 593
X={1e~(SAI(ZONE+ 1) =G(7ONF 41} I /AWNC{ZONF « 1} ) #0XXX (1)
TEST=S41{70NE) YHDETH#X~SMAX (ZONE ] )
IF {TEST)I3190.310.300

DBET=SMAX(7DNE.] }-SAT(ZONE .}
SAYI{7ONF S LAYER)=SMAX {ZONEsLAYER)

GO TO 320

SAL (ZONEWLAYERI=SAT (ZONE,LAYER} +DET#X
BOET=DET=X

ALEFT=DFT-NDET

ETL(ZONE+LAYERI=DDETY

JF{FREE(2) 134243424341

X={] ,~FREE(P}/(GIZONE 2} *PROT) o0 XXX {2}
ALFFTSALEFT®X

GG TO 2380

TEST=ZLIM=-SAL {ZONE«2)

IF{TEST)Y 35043504350

DET=DDET

GG TO 390

ALEFT=ALEFT® {1l ~{SA] [ZONF+2)~G(ZONE2) 1/ {ZLIM=G(ZONF 213 )1 28XXX(2)
X=SA {ZONF 23«4 EFT=-ZL 1M

IF (x)380+3R0.370
DET=DDEY+Z; TH~-SA1 {ZONE+2)
ETL(ZONE +P)=2L TM=Sa1 {7ONF ¢ 2}
SAL{ZONE 23 =70LTM

G0 YO 390

DET=DDET+ALFFT

ETYL{ZONE?)=aLEFT
SA1{ZONE+21=SA1(ZONF»2) +ALEFT

SUMET {ZONE ) =SUMET {ZONE ) +DET

RE TURN

END

PP EREPRPERPRPEDRD PR R PP PP PPELPPPERPDEERrREEP LD
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SUBROUTINE EVAP (CRAK+RHD)

COMMON A[1D) vACRES)AWC (441 vADL+BVDsCi4sd} «CASC(4) 2CDPT4) +CHIN,
1CMaCONL +CONPSCPOPS {210} +CRPVD (10} 2CVOL (404) +D1 (4 +NATILYDAMO(]12) s
PDELE +NELET «NELF (&) +DELP{300) +DELG(4) «DELOZ (&) »DFLT (3007 «DELTFDET
ADPE(4) sDAN (L) yEsFL{4+2) oERP4ETERII0) «ETL (422  sFC &) oFIL (4] +G (4241
AGAZLIDY+GIT1N)+GIGLI04S2) s IREGIDALY »IHYDs IOVERS IPRINCIREADIROTA

COMMON ITAPF 2 ITELAIYDAY s IYRSIYRLI s JUL IS0 «KCLUL {10410 +sKBATE{]1D0+10)
IKNO L10) sKONT M I4) MDY {S) 4MHR{S) yMINIS) «M1IST MO (S) yMSTORMYR {5}
PMCHEK s NE s NKROP ¢ NST s NUML 4y NUMZ « NAFEEK S DLDGT (%) 4OVA (4] «OVL (&) »

IPAGE yBANISP yPCAS(4) +PCKROP (44101 2P CZON{S) »PEARWPRECIF+QL (4adl s
HOL1 (424} vQMAX{4+5) sQOL (4) +QOPK (4} +Q7 (4} +sRIWRDELTSRFOOTD(10)

COMMON RUNDMN(ST +SAT {6+4) sSCN{G+ 4} +SNRA0{4I aSEL (4421 +SETL (442 aSLli1la
1SGR(4Y4SL1E) sSMAX {444} +SOTLD14) «SOL(444) s SRUNON(4) +SUBPUT(5) »
ZHUMET (4 3 SUIMEN (4} 2 TEMP (S21 4 TIM(R) 2 TIME. TLAL10Y 2 TOPDI4) s TP-TUL]1D]
IVD(6) s VDOMAX {4) o VEG(4) + VOL+ZGT {4) + ZONE+WPR1 {4) + WPPZ (4}

DIMENSION CRAK({4)TEST (2}

INTEGER ZONF

REAL M

THIS SUBROUTINE CALCULATES FVAPORATION
DIRECTLY FROM THE FREE WATER ANT ON SOIL.

EL(ZONE+11=0,0

EL{ZONE +2}=0.0

E=0 - 0

VNEV=(l.=,APVEG(70ONE) } *EP*T [ME=RHD

IF(VDEV={VYN(7O0NE) =CRAK (ZONE) ) } 1004100110

E=VNEV

VD (ZONE} =vh {ZONE) =F

GO TO 21¢

E=YN{7ONE} -CRAK {ZONF }

IF{F1111+111.112

E=0.0

VD{ZONE) =VN (70NE) =E

FREE=0.

GT=0.

00 150 L=1.7

TEST(LYSG{7ONE.L)~SAa1 {ZONEL)

IF(TEST(LYY 1304150140

TEST(L)=0,

FREE=TEST{L)+FREE

GT=GT+G{ZONF L}

IF(FREEY210+2104+160

IF{ANC{ZONF 1) /G{ZONE+]1)=u711561+1614162

XXxx=l.0

Gn TO 163

EXX=2.0

EPOT=(FRFE/GT) ¢aXXX® (EPeTIME*RHN=F)

DO 200 L=1.2

IF{TEST(LY»}7200+7G0170

IF(TEST{L)=-FPOT} 190,180,180
SA1({ZNNELWLI=SAL{7OME L) «FPOT
E=E+EPOT

EL{ZONE«L)=FPOT

GO TO 210

E=E+TEST{L}

SA]1 (ZONFWLY=5{70NESL)
EPQT=EPOT=-TFST (L}
EL(7ONE-L)=TFSYT (L)

CONT [ NUF

RETURN

END
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USDAEL-74 REVISED MODEL OF WATERSHED HYDROLOGY

SUBROUTINE INFIL (CRAKMZ+TPRELF]

COMMON Af1N) sACRES«AWC (4 +4) vBOL+BVDsClaea) +CASCIA) »COPT(4) +CHTAN,
1CMCON] s CONZ o CPOPSIZ+ 10) +CRPYD {10 s CVOL A A ) +DL &) »DATLY+DAMO (] 2) s
COELE+DELETDELF (4) «DELP {300} «DELA (&) «DPELRZ AT +DELT(300) «BELTFANET,
IDPE (41 +yDROLA) vEeEL {442 oFPETEP LD vETL 4 a2) +FC{4) 2FILI4) sGidad)y
GGAZ (10 »BI{IN) 4516104521+ IBEGIDALY s IHYDA IOVER. IPRINWIREAD-IROTA

COMMON TFAPE wITIL+IYDAY W IYR«IYRI«JUL{(SO)»KCULIIDs10)+KRDATE{1D»10Q)»
TKNOT10) o ONTaMIa} yMPY {5) 4 MHR IS aMINIS! v MISTMO{S) sMSTORSMYR (S
2MCHEK « NE s NKROP ¢ MST a NUML s NUMZ s NWEEK s DLRGT (41 s OVAL4) vOVL (4]

IPAGE «PANIS7} 4 PCAS (4] +PCKROP (40107 «PLZONIS) »PEAK s PRECIF 01 (4G}
AOLYTA+4) 2 OMAX [445)»R01 (4) yQOPK (4]} Q7 {4) 4RI +RRELT+ROOTD(10)

COMMON RUNOMIS) +SAT (o s i) »SCN {44} aSDE0{4) +SEL{Ga) +SETL T4+ 21 s8]
1ISGR{A) «SLI4A) 2SMAX[4+4) +SOTLD 4 ySAL (S 08) « SRUNGN L) « SUBRPUTIS) «
2SUMET (&) « SUMCNIA) « TEMP(S2) 2 TIMISH o TIMECTLI1G « TOPD (4}« TR TU(1G0) «
AVD LAY s VDMAX (4 ) o VEG () o VDL« ZGTI (4) v ZDNEWPPI {4} «WPPP {4}

DIMENSION CRAK (&) +sMZ i4salsSAR(4)

INTEGER 7ONE

REAL MoMZ

CRAX (ZONE) =01,0

THIS SURROUTINE CALCULATES THE VOLUME
OF INFILTRATION INTO & ZONE AND THE
AMOUNT OF PRECIPITATION EXCESS ON THE
SURFACF OF & ZONE FOR FACH INCREMENT OF
PAINFALL INM THE ARDJUSTENR TNPUT ARRAY.
THE ROUTINE USES HOLTAN'S INFILTRATION
CONCEPT. INTTIALLY ESTIWMATE DELTA INFIL-
TRATTON AS THE TOTAL WATER AVAILABLE TO
IRFILTRATE, I.E.+ DEPRESSION STORRGF .
DELTA PRECIP.« RUMOM FROM Z0ONHE UPSLOPE.
AND DEPTH OF EXISTING OVERLAND FLOW.

DELF {ZONE)=VDN{ZFOMNE) + TPRECFP+RUNGH{ZONE) +D1{Z0NE])

CALCULATE WEIGHTED GROWTH INDEX FOR
THE ZONF.

IF (NWEEK=NCHEK} 10420410

NCHE K=nJEEK

DG 1460 T2=] «HUMZ

ZG1t12)=0.

B0 100 KROPR=]+NKRDP .

ZGIITIZ)Y=ZGT 12} +GI{KROP) *PCKROP{ZONE +KROP)

BUFSz TIMFB[ZGT{ZONE}#VEG{ZONE)2SA] (ZONEL1erl 4 «FCIZ0ONE)

TEST= GUES~OFELF (FONE}

IF{TESTIIIN.110.120

DELF {ZONE) =GLES

CALCULATE THE AVAILARLF FOROSITY TO
RECEIVF THE ESTIMATED INFILTRATION AMOUNT
AND CHECK FOR SATURATION,.
SAR2(13=SA1{70ONES1}=DELF { ZONFI
IFISAZil 1704170130
IF THE POROSITY IS5 > ZERC. COMPUTE RATE
OF INFILTRATION AT THE ENO OF DFLTA TIMF.
Fe=ZGI{ZONE}YeVEG{ZONEI®5A2 (11 A&l 4+FCIZONE}
CALCULATE THE AVERAGE RATF AND COMPARE
THE ESTTMATFD AVERAGE WITH THE CALCU-
LATED,.

FRV=(FILIZOANE)+F217,5

IF(DELF(ZONE) /TIME-FAVIZ200+2004150
IF THE ESTIMATED AVERAGE 1S THE LARGER.
REDUCE THE ESTIMATED INFILTRATIONM AND
CALCULATE THE ASSQCTATEDR POROSITY.

DELF [ZONE)=DFLF (ZONE} -, 005

IFIDELFIZONFI ) 16051204120

DELF [ZOMNEY=D.D

GO TO 120

IN CASES WHFRE THE PORCSITY BECOMES
NEGATIVE AFTER THE ESTIMATENR INFILTRA-
TION IS SUATRACTED. SET DELF EQUAL TO THE
SYORAGE LEFT AND SET THF RATE AT THE EwND
0F DELTA TIMFE EQUAL TO THE HAXIMUM RATF
OF OUTFLOW FROM THE LAYEP,

DELF (ZONE}=SA) (7ONF . 1)
Sa2¢1)=0.0
[F(MZ(ZONES1))1904+1R0190

E=al =l R AT ¢ U U i S e e e Y T Sl s S T T e e S e e e R e T e s e - S T T T e e e T - R T S S S S e R T s e U e e e s
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FZ=CtZ0NE+ )

GO TO 140

FZeC{ZONE+ 112G (70ONE 1) /M2 {Z0ONE.1}

GO TO 148
ONCF DELTA INFILTRATION IS FSTARLISHED.
CALCULATE THE EXCESS WATEP THAT DID NOT
INFILTRATE AND APPORTION IT TO SURFACE
DETENTION OF INPUT FOR OVERLAND FLOW.

EX=RUNON{ZONE) + TPRECP-DELF (ZONF) +DI (ZONE]

IF{EXIZ2104220+230
IF THE EXCESS IS NEGATIVE.« SOME SURFACF
DETENTION MUST HAVE BEEN TAKEN TNTG THF
SOIL.

DVD=EX

VO {ZONE) =YD (ZONE ) +DVD

DPEL{ZONE)==D1 {70NE)

B0 TO 300
IF THE EXCESS IS ZEROs ROTH THE CHANGE
N SURFACE NETENTION AND OVERLAND FLOW
TNPUY ARE ZFROD,

DYD=0.

DRE {ZONE ) ==N1 { 7ONE)

G860 7O 30690
IF THE EXCESS IS POSITIVEs FILL SURFACF

DETENTINN AND THEN LFT ThF REST SUPPLY
OVERLAND FLOW.
THESE STATEMENTS WAVE BEEN INCLUDED TO
INCORPORATE CRACKING SOILS IN THE MODEL.

SAI(ZONE-1)=SA2{]1)

IEPTH=CNRT (ZONEY +.1

IF{IEPTHIZTO#2T0 2400

DO 260 KLAY=1.TEPTH

TEST=SAY{7ONF +KLAY }-G(Z0ONEKLAY}

IF{TFSTIZH0+7604250

CRAK (ZONF I =CRAK {7ONF Y+ TFST/AWC(7ONF +KLAY ]} #CVOL (70NE «KLAY)

CONTINUE

TEST=VD{ZONE} *F.X-{VDMAX {7ONE)} +CRAK (70NE) }

IF{TESTI210+2104290

DVD=VOMAX { 7ONE} +CRAK (ZONF ) ~VD {ZNNE)

VD {ZONE ) =VAMAX (ZONE ) +CRAX (ZONE)

DPF {ZONE)=FX=-DVD -D1 {ZONF)

SAI(ZONE.1}=%42{ 1)

FIL{ZONE)=F?

RETURN

END
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USDAHL-74 REVISED MODEL OF WATERSHEED HYDROLOGY

SUBRCGUTINE "INIT (ACC.RAMM+BEGR] JAEGSA+CRAKDAYCNWDAYET +EACC+EMD
TETACAETMOJETYRWEYRA TCNT 4 JCONEwLSTAOFFSITyOFSTHO s ONSTMO s RATINGRAMD,
ZRPY s HUNHO s SF o SUMRA 3 SUMO « SUMPE s TACC A TEATETTOTCH TOTET+ TRAM,
AYEARLY + ZBAM  ZCH L ZOF ST+ ZPFHROLT)

COMMON A{10) JACRES+AWCTA+3) s HAOL +sBYDWC{4ol) yCASC(A) +COPT {4} sCHIM,
ICHM,CONI s CONZ+CROPS (22101 sCRPYD(L10) vCVOL{A+4) D1 {a)+DATILY+DAMO{I2)
ZDELE+DELETADFELF (4] +DELPI300) +DELQ(4) +DELQZ (4] wDELT(300)WDELTF+DET
ADPE (4) +DOO 4 +E+sEL [a o Z) «FPsFETEP{ 10T wETL {402 aFCUa) +FIL (61 4B (404 )
AGAZ (LD oGITIDYWBIGII0452) v IPEG, TDALY +IHYDsIOVER.IPRINIREAD, JROTA

COMMON ITAPE +ITIL«IYOAY+IYRWIYRI»JUL (50)+KCULLI0+10) +KDATE(1O+10)
IKMO(IO) s KOMT HIG) +MDY (5] s MHRAIS) +MIN{S) s M1ST MO (5] v HSTORWMYRIS) »
PHCHEK s ME « NKROP s NS T s MUIML « MUMZ «NWEEK s OLDGT (4 4 OVA{4) s OVL (4] »

APAGE yFAN{G?} yPCAS{4) « PCKROP {4 10) + PCZONIS) +PEAK «PRECIFQ1 [daé)
AQL L (G a4 FeBMAN[415) « QD1 (4) +QOPK{G) sRZ (&) 4RI WROELTWRODTO 10}

COMMON RUNOMN (D) «SA1 (8o b aSCH TG4 ) «SOGROD (&) s SEL (b2 « SETL{G+2) 45614
ISGERIG) vSL LAY +SMAX (A4} aSOILDT4) »SQL(44) « SRUNDNIA} s SUBPUTI(S)
POSUMFT (L) « SUIMCNIA) s TEMP ISP ) o TIM(S) « TIMEWTLIID) A TOPD{A) « TP TULIDY 4
BVD (4« VDMAX (4] «VEB[4) «VOL+ ZGI (4} v ZONEsWPP] (&) +WPPE{4)

GIHMENSION RAMOG{12)SCRAK (4] sDAYCNIG) +DAYET{4) +EMO{12) +ETMOILZ)
1O0FFSIT &) «OFSTMD {121 +ONSTHO{12) sRAMGILIZ2) 2RUNMD(12) vSF (4] +SUMBA (4] 4
PSUMDI12) +SIIMPE [4) « TOTCM (4) s TOTET{8) , ZBAMIL+12) v2CMI4+12)
AZOFSTI4+121 4 ZPEMIA12])

INTEGER ZOMF

REAL M

INITIALIZE VALUES.

IYR1=0

JCong=n

LST=0

NWEEK=0

NCHEX=0

BvD:D.

BOL=0.

BEGSA=0,

DD 110 ZONF=1NUMZ

CRAK[ZONE!=0,0

DAYCNIZONE) =00

DAYET(ZONE)Y =0,

DELFIZONE ) =03, D

DL (7ONE} =D,

FILIZONE}=0.1

OFFSIT{ZONFI=0.0

OLORT {ZONE =0,

GOTIZOMFI=D,0

QOPKIZONE) =0. 0

SDOD(ZONE) =0, 0

SFIZOME}=0,0

SGR(ZONE) =0, 0

SPRLUNONIZONE Y =D.0

SUMRA(FONF I =0.0

SUMET [ZONF)=(1.0)

SUMCNIZONFY=0.0

SUWPE [ZONF 1 =N.0

TOTCN(ZONE Y =N

TOTFTIZONE Y =0,

VOIZOME)=0.D

DO 100 LAYFR=].7

SETL{ZONE ! AYER)=0.0

SFL{ZONE+LAYERY=0.0

DO 110 LAYFR=1.4

SOLIZONE L aYFRY=0. 6

SCNIZONE«LAYER)=0.0

BEGSA=BFGSA+SAT {ZONELAYFRI#PCZONIZONF)

PCZNNINUMZ+1)=1.0

RAIN=0,

IYDayY=0

RPI=R1

BFGFL1=R1

PAGF=FB.

VOL=0.0

ACC=nal

ETAC=0.0

TACC=0.0
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TECHNICAL BULLETIN NO. 1518, U.S, DEPARTMENT OF AGRICULTURE

EACC=0.0
ICNT=24,%RNL T+,001
KONT=0

TRAN=0O,0

PEQK=00

DAILY=0.

YFARLY=0.

TF=n.

TET=0.

ETY»’-?:U.ﬂ

EYR=0.0

DO 150 MN=]1.12
BAMO (MNY=0,0 .

OF STMQ (MN) =0, 0
DNSTMO IMN)Y =0, 0
ETMN(MN) =0,0
EMO{MN)=0.n
RAMO(MNI=0.n
SUMO(MNY =0, D

RUNMO (MN) =0, 0

DO 150 ZOWF=s] «MUM?
ZPEM(ZONE«MNY=0,0
ZRAMZONE ~MNY=0,0
ZOFST(ZONF . MN)=0,0

ICY {ZONE «MNI=0,D
RFTURN
ENN
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USDAHL-74 REVISED MODEL OF WATERSEED HYDROLOGY

SURRQUTINE LANUSE
ADGED BY GLORIA STILTHER TO USDAHL=T7D
TO IMPLEMENT A METHOD OF CALCULATING
GROWTH [NDEX CURVES FROM MEAN TFMPERA-
TURES, THE ROUTINE READNS. WRITES AND CAL-
CULATES VALUES WHICK DESCRIRE THE VEGET2-
TIVE COVER OF THE WATERSHED, IT IS COM=-
POSED OF THREE SECTIONS OF CODE., THE
FIRST SECTINAN READS AND wRITES CROP PARA-
METERS THAT ARE MENTIONED IN TARLE 7 OF
THE APPENDIX TO THE TECHNICA[ BULLETINM,
THE SECOND SECTIONM IS THE NEW METHOD FOR
CALCULATING 6I, TrRE THIRD SECTION READS
THE PEPCENT OF EACH CROP IN EACH ZDNE FOR
THE YE4&R,.

COMMON AC10)} sACRES+ANC {4 +4) +BOL «BYD+C{a o) oCASCILY W COPT{4) +CHING
ICM CON] «CONZWCROPS (241032 CRPVDII0) «CVOL (G 0& 4D (4} oDATLY +DAMOIZ) o
POELE #DELETDELF (41 +DELP {300} +DRELQIAY «DELGZ(4) «DELTLI00) JDELTFoDET s
ADPEL4} v DAC {4 «E2EL (442 sEPSETEP {10 ¢ETL {042 sFCI4) oFIL L4 4B (S 0a) o
4G8Z{10)+GI{10)GIB{ID+S2)+IREGyIDALY«IHYDJIOVERWIPRINSIREADJIROTA

COMMON TTARPE o ITILSIYDAYSIYRSIYRYL4JUL (S0 +KCUL{10+10) +KOATE{1G+10
IKNO{L10) ¢ KONT s M{4) MDY’ S) JMHRIS) JMIN{S]) «MIST MOL{S) ¢ MESTORMYR (5]
PNCHEK s NE s NKROP ¢ NST s NUML «NUMZ yNWEEK «NLDBT {4) s OVA 4} s OV (a0
IPAGE yPAN(S2} s PCAS (4 «PLKROP {4+ 101 +PCION(D) +PEARPRECIP D1 {404)
AAL1{G+4 ) sOMAX{A S} 2GD1 {4} s QOPK {4 #AZ (43 RIWRDELTWROOTD(1I0)

COMMON RUNDN(S)Y «SAL (414} ¢ SCM (444 vSDROISI2SEL {4421 «SETL442) 5601
ISGR{4Y »SLIA) «SMAX[A,4) +SOTLD (4 +SOL {4+ 4) o SRUNCN (4} s SUBPUT{B)
PSUMET (4) o SUMCN LT s TEMP{SP} o TIMIS) « TIMEZTLI10) «TOPD{&) s TPoTUL1D} o
AVDL{4) s VDMAX (L) s VEB L4} s WOL+ZGI{4) v ZONE+WPPL {4) +¥PP2 {4)

DIMFNSION CNAKME{Z2) »CNOLLG) s CODE{4) «CWKISZ) + TALPH{4) 2 ICUL(ID) »
1ID{TI4IDATF{I0) » IMIT)IWIYIT) «ROP{10)«XGT {52}

REAL M

INTEGER CANNCODE+COND+ CWK s WEEX « ZONE

DATA TALPH.CODE/IHPLO+ 3HMPLAIHHARIMCUL #8450 b7/

IF{TREGIlans100+140

WRITE{IPRINGY}

READ CANP PARAMETERS

READ{IREAD3RI [ {CROPSIHE K] +KKzI 2121 +K=1 s NKROP}

FORMATIIBAS)

PEAD{TREAD 20T {A{K) +K=]1 NKROP}

READ { TREAD.20) (CAPVRIK oK =1 + NKROP)

READ (FREADPDI {ETEP (X} o X=1+NKRQP)

READ{IREAD.2D) {ROCTDIK) o K=]1 ¢+ NKPOP}

READIIREAD PN {TULK) s K= ] 4 NKROPY

READ(IREADZ20I{TLIK} «K=1 + NKROP}

FORMAT {10FA, 3}

PRIMNT CROP PARAMETERS.

WRITE[TPRINWGG} {{CROPS{EX K} v KKz 1121 + KoL+ NKROP}

WRAITE{IPRINA) (A IK) s K=l NEKROFP)

WRITETIPRINI) {CRPYDIK) s K=] « NKRQP}

WRITE{IPRINCT)ILETEP(K) oKX=l NKROP}

WARITE{IPRINGG) {ROOTO{K) s K=1 + NKROP}

WRITELIPRINGLY (TUIK!sXKz]lNKRGP)

WRITE{IPRINGZ2} {TL{K) +K=1+NKROP)

FORMAT{SX+*UPPER TEMP1.16F10.2)

FORMAT{BX+*LOMFR TEMP* 4 I0F10.72)

FORMAT {2 0LAND USE PARAMETERS1//)

FORMAT (10 17X+ 10{2X+2447})

FORMAT L SE.'ROOT DEPTHY 4 10F 1.7}

FORMAT{ SH.*ETEF TL10F10.7P)

FORMAT{ SX«7A VALUES *4]0F10.”)

FORMAT{ SX.'CROP WD TL10F10.2)Y

CALCULATE GROWTH INDEX CURVES AS A
FUNCTION OF TEMPERATURE AND TILLAGF
PRACTICE FOR EACH CROP.

IF{ITILYIZ2N:110+120

WRITE(IPATH.ID)

GO TO 130

WRITE{TORIN.I]1}

FORMATUHOTILLAGE PRACTICF IS NOT AVAILABLE FOR YREARLY INPUT. THE
1YILLAGE PRACTICF FOR THFE FIRST YFAR OF CALCULATION®!/ * WILL RE USE
0D FOR ALLL NF THE YEARRS.Y}

PEHETOIPIEOEIEOIATI IO EIEEIERR ORI IO DI IO RCQOIOI RO OO
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FORMAT('"OTTLLAGE WILL BF READ YFARLY.®)
WRITE(IPRING} 2}
FORMAT I CRNE % GRAZINGY 310X+ 'TILLABE PRACTICES')
READ TEMPERATURE DATA.
READ (IREADP1+FND=BAD} (TFMP{K) «K=]452)
FORMAT (48X44FA,3)
DO 740 IC=1.NKROP
IF{TIBEG)1804180,150
IF(YFYILY160+160¢1RD
PEINITVIALIZF TILLAGF PRACTICES FOR THE
CASE WHEN TILLAGE IS NOT AVAILARLE FOR
FVERY YEAR OF CALCULATION,
rROP=IC
GRAZ=GAZ (KANP}
NO=END (KROD)
DO 170 K=1.NO
ICUL (K =2KCHL (KROP +K)
IDATE(K)=KNATE (KROP K]
GO FO 3%0
READ THF CRNP TILLAGE PRACTICE CARN,
PLO TURN PLOW (4}
PLA BLANT 15}
HAR HARVEST (&)
cuL CULTIVATINN 1]
READ (IREAD72) CNAME.IGR, (ICULIK) yIMIK} o IN(RK) o 1Y {K) yK=147)
GRAF=l.=-IGR*,01
FIND THE CROPY'S SURSCRIPT NUMBER,
0 210 K=l MKROP
IF[CROPSI1«K)~CNAMF (131 P10+190.710
IFICROPSIZ K} =CNAME2) 121042004210
KROP=K
GAZ (KROP)=GRAZ
GO TO 220
CONTINUF
WRITE(IPRTN.?3] CHAKE
5ToP
DO 240 K=1.7
IFIIMIK)) 24042304240
ND = NUMBER OF CULTIVATIOM PRACTICES.
NO=K=1
GO TO 2%40
CONTINUE
NO=7
IFINCI2704260+270
WRITE{IPRIM13) CHAME«IGF
FORMAT (101 4284 AKXy 313X, PNQNET)
G0 TO 23S0
WAITE(IPRIMa)4} CHNAME yIGRs (TCULIK) «IMIKI 2 ED{K) o TY{K} aK=1sNO}
FORMAT [P0 2 2a4e6Xs 131130 Tia3+1Xs317+3X})
CALCULATE THE WEEK 0OF THE YFAR ASSOCTATED
WITH EACH CHLTIVATION DATE,
B0 330 K=],.MD
IFIIMIK)=11280:2680+290
IDATE (K)=I0 (K}
G TO 330
KM=TM (K}
IFIIY (K =42 (TY X)) 76))3204300+3P0
IFIIMIK)=21270+3204310
IDATEIK}=IN{K) +DAMO(KM=11+]
G0 TO 330
IBATE{KI=IN{K] +NAMO (KM=1}
IDAYELKY=INATE (X} /7 ,+.5%
IFITRDATE(K}~521350+3%04340
IDATE (K}=5>
IF{IBEG+ITTL)360+35604350
SAVE THE TILLAGE PRACTICES REAN THE FIRST
YEAR FOR THFE CASE WHEN TILLAGE IS NOT
AVATLARLE FOR EVERY YEAKR OF CALCULATINN,
GAZ (KIOP) =RRAZ
KNQ [KROP} =NO
IFINDO}I90I90,3T0
DO 380 K=1.Mn
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USDAHL-7T4 REVISED MODEL OF WATERSHED HYDROLOGY

KDATE (KROPWKI=TNATE (K)

KCUL iKROP» K =TCUL (X))
TEMPERATURE BELOW WHICH THE GROWTH
INDEX FOR A PLANT IS CONSTANT,
TEMPERATURE AT WHICH POTENTIAL TRANS-
PIRATION FOR A PLANT EQUALS PAN
EVAPORATION.

XT=TU{KROP) «TL {KROP)

LOND=1

ICcoN=1

WEEK=1
RECOVERY PERICOD AFTRR TURM PLOW,
WEEKS REQUIRED«FOR GI TO RETURN YO
0.1 UNTIL NEXT PRACTICF.

GROWTH PERINDD AFTER PLANTING. WEEKS
RENUIRFED FOR GI TO REACH X6T.

RECOVERY PERIQD AFTER HARVEST.
WEEKS REGQUIRED FOR 6I TO RETURM
TO XGI.

A& VARTARLE EQUAL TO XP OR XH
DEPENDING OW WHICH CULTURAL PRACTICE
IS IN FFFECT.
HW=.3
D0 420 T=1.5%2
61 = GROWTH INDEX FOR ESTARLISHED
VEGETATION WITH NO HINDERAMCES SUCH
45 DAMAGES OR CULTURAL PRACTICFS.
GIG = XGI MODIFIED RY DAMAGF OR CULTURAL
PRACTICES FOR COMPARISON WITH
MOTSTURE EXTRACTION PATTERNS.
AGI{TI =1 (TFHO{T)=TLI{KROP) } /XTI #GRAZ
IF TEMPERATURE EXCEEDNS TUIKROP)
¥GI 1S REOUCED.
TEST=(XGI{1}/GRAZ~1.0)
IF({TEST) 4024024401
G401 XGI{IN=(l N=TEST##],5)2GRAZ
402 IF(XGI(T1Y=0,21410,420+420
MINIMUM XG1=0.,3 DOES NOT INCLUDF EVaAP
FROM FREEWATER.
410 XGITI)=0.3
oy CONTINGF
IF(NO) 43044304450
430 RO 440 WEEK=14R7Z
440 GIGIKROFPYWFERI=XGT IWEEK)
GO TO T40
453 IFITCON=NOV4&AD4660:510
460 DO 480 K=1.4
IFLICULL{ICAM)=TALPH{K) }4R0,470.480
4T0 CHNO{ICON)=CODE K]
GO TC &850
480 CONTINUE
WRITE(IPRINL24) ICUL (TCON)
STOP
490 CWwK{TCON)=IDATF{ICON)
IF IWEEK=CWK (TCANTIS20+5P04500
500 WRITE(EPRIN,1G)
i5 FORKAT(IH »?FRROR-=CULTIVATION DATES IN WRONG ORDER 0OR TWO IN THE
1SAME WEEK,.*)
GO TO T40
510 CwK{ICON}=R3
520 IF (WEEK~CWK{TCOMN]I1G30+630+530
530 GO TO (540+4550+5A04640:650,660.670) .COND
CONTY = 1 FOR INITIAL CONDITION.
G40 GIGIKROPsWFFK | =XGI (WEEK)
Go TO 710
COND = 7 FOP XPH FAUAL TN %P IF CURPENT
WFF® IS GREATER THAM THE PLANT DATE
Or LESS THAN PLANT NATF + XPH.
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COND = # FOR XPH ENUAL 7O 24 If CURRENT 2140
WEEK IS5 GREATER THAN THE HARVEST DATE 2170
OR LESS THAN HARVEST DATE + XPH. 2180
550 EF (WEEK=(CWK(ICOM~1)+XPH)IS5T0+560+560 2190
560 CONN=1 2200
GD TO S30 2210
57N BIGIKROP yWFFX)=GIGIKROP+WEFK-1)+ (XGT (WEEK} -G IG IKROP . WEEK -1} } & 2z2z2n
L{WEEK-~CWK{ICAN=11)/%PH 2230
G0 TO 710 2740
COND = 3 IF CURRENT WEEX IS GREATER THaw 2250
TURN PL_OW DATE OR LESS THaN 2260
TURN FLOW DATE « xTPE, 2278
IF (WEEK=(CUK{ICON~1)+XTP)1600+5904590 2289
GIGIKRODPyWEFK)I=,1 2290
CoNR=3 2300
G0 TO T10 23le
GIG{KRDP.HFFKJ=1.0—.5°EHEEK-CHKtICON-lkJ/XTP 2320
GG TO 710 2330
COND=CND(TON) FEETH
GO TO S3D 2350
COND = 4 IF CURRENT WEEK IS EQUAL TO THE 2360
TURN BLONW NATE, 2370
GIG(KRDP+WFEX)=i.0 2380
COND=3 _ 2390
GO TD 710 2400
COND = 5 IF CURRENT WEFK IS EQUAL T04 2410
THFE PLANT DATE, 2420
GIGIXROPWWFEFK =0, 2430
CoNpD=2 2440
XPH=XP 450
GO TO Tip 2460
COND = 6 IF CURRENT WEEK IS FQuUaAL TO 2470
HARVEST DATE. 2480
GIG{KROP+KEFK) =HNO=*XGT {WEEK) 2490
HNG=,6 2500
XirH=XH 2510
COND=2 2520
GO TO 710 25340
COND = 7 IF CURRENT WwEEK IS EgQUAL TD 25410
CULTIVATION DATE. TNSTANTANEQUS 2550
RFBUCTION DUE TO CULTIVATION. 2560
GIGIKROP ¢ WFFK) =0, 98XGT {WEEK) 2570
ComMp=t1 25890
IF (WEER-CWK{ICON} ) T304 720730 2590
ICON=ICON+1 26090
WEEK=WEEK+} 2610
[FIWECK~531450.740+740 : 2620
WEFK=YEFK+] 2630
IF {WEEK-5315204740, 740 7640
CONTIHUE 2650
PRINT THE GROWTH INNEX CURVES. P6ED
WRITECLIPRIM.25) {[CPOPS{RK+K} tKK=142} «K=1¢NKROP) 2670
DO 750 WEEK=1,52 2660
WRITE(IPRING 263 WEEK, TEMP(WEEK} s {GIG (KROP»HEFK) ,KROP=] s NKROP] 2690
READ LAND USE CHANGE Fi® YEAR, 2700
THIS INFORMATION MUST BF ENTERED THE 18T 2710
YEAR AND THEREAFTER WHEN LU CHANGES, 2720
THESE CARDS MUST BE FOLLOWED AY A RLANK 2730
TRAILER. IF LU DOESN*'*T CHANGE AFTER THE 27410
FIRST YFAKH, BLANKS ARE NOT REGUIRED INM 2750
SUCCEEDING YEARS. IF LI} CHANGES [N SOMF 2760
YCZARS.RBUT NOT QTHERSs THE BLANK MUST HBE 2770
INSERTED IN YEARS WITH NO CHANGF. CARDS 2780
NEED BE ENTERED ONLY FOR ZONES WITH LU 77134
CHANGING FROM THE PRECFDING YEAR. LI} CARDS ZAO0
SHOULLE RE INSERTER IN FRONT OF FAN EVAP- 2810
ORATION DATA FOR EACH YFAR. 2az0
IF(TAEGI THNTTOTHD ) Z830
IFITROTAIBAGBE0.7TD PALD
¥=0.
READ(IREAD+1AT Zsl ROPUKK] +KK=1 s NKRAP}
FORMATI10F R, P
ZONE=2

OO o000 N
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USDAHL-T4 REVISED MODEL OF WATERSHED HYDROLOGY

IF(7ONEIB0G 800790
T30 Y=Y+1
800 IF(Y=11820.830.+810
810 IF(Z1860+8A0+840
820 WRITE{IPRINWITYIYR
17 FORMATI(YILAND USE FOR THE YFAR 19%¢I2s' IS5 THE SAME AS THE PREVIQU
1S YEAR. '}
GO TO BAD
B30 WRITE(IPRIN.IBYIYR
I8 FORMAT(YILAND USE FOR YFAR 19t.12+% FOLLOWS, IF A ZONE IS NOT MEN
1TIONED. VALHIES OF PREVINUS YEAR ARE ASSUMED, ')
840 VEGIZONE)Y=0,0
VDMAX(ZONE)Y=0,.0
DO BH0 KK=1.NKRQP
PCKROP{70NF RK}=ROP{KK}® .01
UPDATE THE MAXIMUM vOLIMFE OF DEPRFSSIQNS
AND VEGETATION PARAMETERS FOR THE INFIL-
TRATION SURRPOUTINE .
VOMAX {ZONE)Y=VDMAX {ZONE 1 +CRPYD{ KK Y4PCKROP{Z0ONEs KX )
B50 VEG{ZONE)=VFG{70NE) +A (KK) *PCKROP ( JONE +KX)
WRITE{IPRINWIGIZONE « { (CROPSIKK K 2 KK=1+42) «ROP{K) s K=1 +NKROP}
13 FORMAT{FOZONT taI236{3Xe2RG e =1 4F S, 1 et %t 3/ TXeb(3X42AGe 1=t sFS5, ]
Terey)
Y=Yl
GD TO TeO
22 FORMAT(2A4.1P+ 7123312414 })
23 FORMAT{*1INN MATCH FNR CROP NAMFY+284+% ON WATERSHED,., (LANUSFEF} *}
24 FORMATIVINDG MATCH FQOR OPFRATION Y4A341, {GTIGEN}*)
25 FORMATI(VIY Gl CURVFEFSY//7IXYWEFK TEMP t42X4104{2Xs244))
26 FORMAT (KT 347%y FHh. 20 10F10,.2}
860 WRITEIIPRINGABIIIYR
BE61 FORMAT(YOPAN EVAPORATION FOR YFAR 19Y +I12«% FOLLOWS,$!
READ PAN EVAPDORATION D&YA FOR THE YFAR,
RFANLIRFAD RGP IPANIL) oL =1 457}
B62 FORMAT (48X 4F8,3)
DO RT(E K=1.13
KKok#4-3
KKK=K*#4
WRITE{IPRIMNAARIINK « {PANITL) +L=KK+KKK)
863 FORMAT{T0WFFK 1+ I3.8X+4F]15.3}
870 CONTINUF
PAGE=28,
RETURN
880 STOP
END
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SURRGUTINE QUTPUT (RAYR DAYCN s DAYET s ETYREYR ICNT s JSsRATN, 9
lSFesTvTBNS«TE;TETQTDTCN;TDTETOTRA;TRAN;YEARLY;XD&Y;RHD] 9
COMMON ﬁflﬂl1&CPE§.AHC(41¢J-HDL.BVDoC(4vﬁ]-CASC{#?tCDpT[4}9CHINq 9
lCMtEON]oCDN?oCRUPST?olU}qCRPvDIIUJoCUDL{ﬁv#l-ﬂl(&l-DﬁILY;DﬁMOf]E}- 9
EDELF-DELETnDELF{ﬁ)oDELPf?OUI1DELQ(4)sDELQZfﬁJonELT(3OUInDELTFsDET- 9
RDPE(QIGDDOF4}tE!EL{ﬁOB).FpoETED(IOIvETL(Gv?]UFCF4]0FIL(4]|Gf4|45| 9
ﬁGhZ(lO!!GI(lﬂ]OGIG(IGOEPJoIREG-IDQLYOIHYD;IUVER&IPRINOIPEﬁDOIRUT& 9
COMMON ITA?F.ITIL-IYDAY.IYR.IYRI*JUL(50]9KCUL[]U-IU]vKDﬂTE(lUclﬂl- g
lKNOIlU!QKONToﬂiiloHDY(BloMHR(5}-HTN[5)oHlST»HOfSqu%TOR.HYPESJ1 9
?NCHEK!NEONKROP-NSTQNUHLaNUHZUNHEEKlOLDGI(41-0V&{4]1ﬁUL(ﬁ]o 49
3PﬁGFopﬂNf591-PCﬁS(4]QPCKPOP(QUIOIQPCZONfEJOPEﬂKopREﬁIPoﬁl(4.4}- 9
QQLI[414]00“&X(405]v001{&]OGDPKIQ}!Q?fﬁ)9R11RDELTUROOTD(101 G
COMMON RUNONTS]»S#l(&!&}oSCN(Qo&lOSDGD{4]9SFL(40?]OSETL(ﬁ121ISG]' 9
lSGRfﬁ)nSL{ﬁ?eSMﬁKI&;#]oSOILD(#]uSQL[ﬂ1¢I|5RUN0NE4}15UBPUT(51a 9
?SUHFT(#]vSUMCN(G]vTEMP(S?JoTIHfEJ+TIMEuTL110}!TﬂprﬁivaoTUElﬂly 9
3vD(§JOVDHﬁXf4]vUEGE4lIVDL!ZGI(4]120NE0HPPI(4)1NPPE(&} g
OTMENSION ﬁAYCN(ﬁ]eDAYET{ﬁ]oE?P{#ioTDUMIQI-SF{#!vTOTCN{4Ic 9
ITOTET L4 s TSHT (&) « TSMP [ 4) 9
INTEGER ZONF 9
REAL M G
DATA IDUM/ & & 2H q

24 HOURS OF ROUTING INTERVALS HAVE AEEN 9

CALCULATED, THI5S ROUTINE PRINTS STANDARD 9

DAILY SUMMARY. 9

CF5 = MEAN DAILY CFS FOR THE WATERSHED, ]

DAILY= DAILY WATERSHED SURFACE INCHFS oOF 9

THE SUM 0F CHANNEL PLUS SUBSURFACE 9

RUNQFF . L

DAYET= NAILY ZONE SURFACE INCHES QF 9

FVAPOTRANSPIRATION, 9

TSM = ZONE SURFACE INCHES OF WATER FLOW Q

FOR THE ROUTING TNTERVAL IN THF G

SOIL AT 2400 OF THE JULIAN DAY 9

TO BF PRINTED. 9

DATLY=DAILY+TBWS 9
CFS=DAILY®] ,00BI=ACRES*AND 9

DO 140 ZONF=1.NUMZ 9
DAYFT (ZONE) =SUMET(ZONE) -TOTET{ZONE} 3
TOTET(ZONE)=SUMET t 7ONE} 9
DAYCNIZONE) =SUMCN{ ZONE j ~TOTCN{ZONE) 9
TOTCHIZONE ) =SUMCN ( ZONE) 9
EVP (ZONE) =SEL(70NEs 1) «5FL {ZONE 2} 9
TSH?[ZDNE3=SMﬁIIZONE-E]—SAItZDNEvEI+HPP?fZONE} 9

lan TS“]lZGNE}=SH#X(ZGNFolI—5ﬂ1(ZDNF!]J‘WPDIIZONE] 9
17 [PAGE~28,} 160+150+1560 9

150 PRGF=1l. 9
HPITE{TD&LY-EJIYR;(IDUM(ZDNEIvZDNEt?ONE=1vNUMZI G

2 FORMAT{YIDATLY SUMMARIES FOR YFAR 19V s T2/1SX "RUNOFF Y /1 DAY  RAIN 4
1IHCHES CFS V24{AZ248X+t ZONEVSI2,7X)) G
WRITE(IDALY+3) (IDUMIK) yK=14NUMZ} 9

3 FORMATIY ¢ PSXW4{8Ps% Q0 ET:E GR SMIIPv,1X)) 9
PRINT STANDARD DAILY OUTPUT. 9

1&0 HPITE(iDﬁLY-QJ[YD#Y.R#IN.D&ILY!CFSUISDQD!ZGNEI-O&YET(ZONE}- 9
IDAYCNI(ZONE) « TSM] [ZONE) » 20NE=] s NIIMZ) G

4 FOHMAT (» '-I3$F6.EOFT-3;IIUF3.3-4(231F6.2!F5.2vF6-3UF5-211 9
.HPITE(IDQLYtﬂlfEVPIZGNE}qTSﬂZ(ZONE)-ZONE=IvNUMZ} 9

B FORMAT (1 YRS XA ANMFE 246X F5,2)) 3
XDAY=1YDAY 9
FAGE=FPAGE+], 9
INCREMENT THF JULTAN DAY AND CHECK TO 9

SEE IF THE STORM QUTPUT HAS BEFN REQHFES= 9

TED FOR THF NEW DAY, TF STORM QUTPUT 15 9

REQUESTEDs SET INDICATORS AND PRINT 9

HEADEDS, g

IYDAY=IYDAY+] 9
IF{NST){B0.220,140 9
IFLUS=-NSTI 19041504200 9
TEST=IYDAY+IYR#1000 G
ST=0.0 9
IFLUULIJS=TEST) 2002104200 9
MSTRR=0 9
Gn TD 220 9
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INITIALIZE DETAILED ROUTING VALUES,
210 M5TNAR=1
TR&=D.
JE=USH]
WHRITE(IHYD. )} IYR, IYDAY
5 FORMAT{*ISTORPM HYDROGRAPH FOR YEAR 1914124%y DAY "413 )
WRITE(IHYD oK)
6 FORMAT(* TIME RATN VOL RUNOFF VDL (INCHES) RUNOFF RATES{AVG
1 TN/ZHRI Y« TY WY AVG CFSY/ Y {INCHES) CHAN SUR TOT
7 CHaN suR ™nT TOTH)
WRITEF(IOVER«TIIYR+IYDAY 4 (IDUM{ZONE) « ZONE « ZONE + ZONF « ZONE =1 a NUIMZ)
7 FORMAT({*I0OVFRLAND FLOW HYDROGRAPH FNR YEAR 19"4J2«" DAY 14134/
ITIMF RATNT Y 4 {A2W" 00 Zv4Ilelxe? Ol Z"+T1alXs? SF 2%
2I1y
ST=0.0
DO 290 7ONF=1.NUMZ
SF{7ONEY=0.0
ETYR=ETYR+TFT
BAYR=BAYR+TRWS
TRWS=0.0
TET=0D.
EYR=EYR+TE
TF=0,
PFAK=D.
YEARLY=YEARLY+NATLY
DATLY=0,
TRAN=RAIN+TRAN
RETURN
END

OO L DLV LLOVYUOO DL OOV LOOIOOODL LD OO
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SUBROUTINE PARAMS {MZ«MAFG,PRAS,SNO+THAW}
THIS ROUTINE READS ALL OF THE INPUT
PARAMETERS AND INITIALIZES SOME VALUES,
COMMOM Atln].ﬂCPFSaAHC(&-#]|HDL:B?D~C(4¢AJ|CASCt41-CDPT{ﬁ}-CHIN-
ICH.CONI-CONP.CQOPSt?-JOI.canDtln:.cvoLtﬁoal-Dltk}-ﬂAILY.DAMO{IE}.
EDELE.DELET.HELFtéloDELP(BDOIsDELGtﬁl.DELOZ(ﬁ!-DELT(3OB}-DELTF-DETo
ED”EtA!'DDOté}tEvELt#-E)-FP.ETED(IGI-ETL{&.EIcFCtﬁi-FILtél-G(ﬁuélu
66#2(10)-GI!10}-GIthOoSEI1IEEG.[DALY.IHYD|IOVER|IPRIN-IQE#B-IQOTA
COMMON TTA“E-ITIL:IYDAY;IYR-IYRIudULESO}-KCUL{IO‘lﬂj-KDﬂTE{iO-lO].
1KN0{101.K0NT,Hrai.HDY{EJ.MHP(S].HIN{S].MlST.H0f51,H5TGR.HYR<SJ.
ENCHEK.NE-NKRGP.NST.NUML.NUHZ-NNEEKaOLDGIrél.ovntal.OVLtal-
BPAGE.PﬁNtS?naPCﬁs:éJvchnoptaulnl-DCZON:S]-QEAK.pqECID.olta-él.
4QL1lé.ﬁ)cﬁﬁﬁX(é-SJ-QOltﬁieﬂnPK{&]un?lﬁi‘quRBELT-ROOTDtIOl
COMMON RUNQNIE].salra.am.scnta.al-SDGO(aJ.SEL{d.EJ.sETLt¢-21.SGl-
1569(&1;5Lta;.5unx{a-a}-soILntki.snL{A.ai.sﬁuwoural-SUBPuTtSI-
25UMET¢4}-SUMCN{41-TEHP(E?I'TIH{HJ-TIHEvTLIIDJvTOPD{n)-TP-TUtIOI-
3thAJ,VDMAxr4}.UEGt¢J.anazGItAJ»ZGNE-uppital.pratal
DIMENSION couEurtaoi-InsranwIDuntal‘IMSIsor.IvstSO:.LOCta.al-
lLOCﬁT(E}9H7téo¢}&GMAXL(5]rPERCTiﬁnﬁl-PANGtA;ﬁlquOEaloxXtﬁ}
INTEGER ALLUSCHANGNOYES . ZONE
REAL MoMZ
DATA YES NNCHANSALLUW IDUMZ4HYFS , 4HND VAHCHAN ) &HALLU-& & 2H 4
WRITEIIPRING1G}
SET A TABLE OF ALPHA RESPONSFES AND
THE ASSOCTATED CODES.
SET BLAMKS TO BE USFD IN FOPMAT
CONTROL .
READ(IREAD.13) COMENT
WRITE(IPRING19) COMENT
READ DATES FOR WHICH DETAILED ROUTIMNG IN~
FORMATINN 1S PEQUESTED AMD SET UP & JuLiaN
RAY ARRAY FOR THOSE OATES,
B0 160 HN=i,5
1S2=NNo10
IS1=is2=-9
RE&ntIREADsI?l(INSfKIsIDStK!oIYStKI.K=ISl.ISEl
00 160 KK=ISt,I152
IF (TMSIKK)=11100+110,120
NET=KK
JUL KK =0
GO0 YO 170
JUL{KR)=IDS (KK)
GO TO 160
KM=TMS (KK}
IFCIYS(KI) ~4®{IYSIKK) /4) ) 1504130150
IF{IMS KK} =21 15041504140
GULIKK) SINS(KK) «DAMD [KM=] ) « ]
G0 TO 160
SUL (KK} =IDS (KK +DAMO (kM=)
CONTINUE
NST=51
NWN=NGT=1
IF{NNIZ20eP200 180
HFITE(IPRIN-E)tIHS(Kl-IDS{KIoJHLtK}.IYStKI-K=1.NN}
FORMAT (' 0STORM HYDROGRAPHS WILL AF FRINTED FOR THE FOLLOWING DATES
Phes/5X Y MO DAY (JULTANS YEF 45X 1301 X0 1304XeI342Xe]3) }
DO 190 N=].NN
JULINI=JUL (M) +TYSINI o 1agn
SGRT DATE YO ASSURE CHROMOLOGICAL ORDER,
D& 210 N=l. NN
DO 210 J=N.MN
TEST=JUL NI =JUL I
IFITESTIZI04210200
X=JUL (N}
SUL EMY =JUL 1)
JULtar=x
CONTINUE
GO TO 230
NSY=0
WRITE(IPRIN. 3}
FORMAT (*ONG STORM PRINT AUT IS REQUESTED.'!}



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

USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

READ THE GEMERAL WATERSHED PARAMETESS,
READ{IREAD-14) ACRES.XZONsXLAY+REGXKRP,GRyLOCAT. IHIST
WRITE{IPRIM:21}) ACRFS+X7ON+XLAY REG XKRPGRILOCATIMIST
NUMZ=XZON
MEME =XLAY =1,
NREG=RES
NEAOP=XKRP
CHECK THE INPUT TO SEY UP THE LAND
USE CHANGE CODE (IRQTA).
IF{LOCAT()).FA,YES ) GO TO 231
IF{LOCAT{]1}.,EQ.NO 1} GO TO 234
WRITELIPRINGPATY
FORMAT {*0ALPHA INPUT DOES NOT MATCH ANY CORRECT RESPONSE®)
S5TOP
IROTA=0
GO TO 232
IR0TA=]
{F{IHIST.EQ,.YES } GO TQ 73S
TFIIHIST.EOLNG } GO TO 238
GO TO 233
ITIL=0
G0 TO 236
ITIL=!
WRITE{ISPRIN.22)
READ THE ZONE PARAMETERS,
DO 250 ZONT=]+NUMZ
REAND(IREAD 1S XZ0ONPCZON{ZONE) «OVE (7ONEY « SL{ZONE) +FC{ZONE} &
ITOPD(ZONE} «SOILD{ZONE) + WPPLIZONE Y « WPP2(ZONF}
CVOL [ZONE«31=D.,0
CVOL {ZONEV4)=0.0
1208 = XZO0N
WRITE{IPRINyP3YIZONWPCZONI{ZONE ) +OVL (ZONE ) s SL {ZONE} «FC{ZONE) W
1TOPD IZONE) +SOLLD{ZONE Y + WPPL{ZONE } » WPP2 { ZONE}
WFEPI (ZONE)Y=SWEPI (ZONET*TOPDLZONET®8.01
WEPZ (ZONE)=WPP2 (ZONE} o {SOTLD{ZNNE) -TOPD{ZONE } &0, 01
00 245 LAYFR=3.4
AWCI7ONELAYER)=(0,0
RANG {ZONE+LAYER) =1 .0
PESCTIZONE.LAYERY=0.0
PLIONIZONE ) =PCZON(ZONE) #0., 01
CHECK THE ORDER OF THE TNPUT CARDS,
[F{ZONE~-I7NN)I 24042504240
CONT INUE
6O TO 255
WRITFEIIPRINGPD)
STOP
WRPITEIIPRIM, ?4)
FEAD THE SOIL PARAMETERS,
B0 310 FONF=] NUMZ
S&1 IS TEMPGRARILY REQEFINED HERE TU MEAN
ANTECERENT MOQISTURE .
REANIIARFAD ISIXZON B (ZONE ¢ L} s AWCIZONE s 1) 2SI (ZONE 1) +CVOL {ZONES 1) &
1G{ZONEs 2} s AWC{ZONE+P) +SAT{ZONE+2) +CVOL{ZONE L 2)
SEI{20NF»31=0.0
S8Y{ZONE+4Y=0.0
1ZON=XZON
WRITEIIPRIN,PS)IFONGIZNNE 1) s AWC(ZONF 410 +SALIZONE I 1A CVOL (FONF 1)
1eGEZONEY2) «AWC{ZONE L2 2+ SAL ({ZONE »2) + CYOL (ZONF 42}
DO 300 LAYFR=1.7
TEST = SAL{70ME+LAYER}=G{ZONELAYER) =AWC {ZONE+LAYERY ~0. 000007
IF(TESTIZ2TN2T04260
SAL{ZONE «LAYER) =G {7ZONF s LAYES I +AWC{ZONE «LAYER)}
TEST= SALI7NNE+LAYFR)-AWC{ZONE «i AYER)
IFITESTIZBN 2804290
RANG{ZONF +LAYER) ={),
PERCTIZONE <L AYERY=1 ,~SAT(ZONESLAYERY FANC{ZONE # LAYER?Y
GO TD 300
RANG [(ZONFWLAYFR)I=1,0
SAL{ZOMNESLAYFRYISSAL{ZONEJLAYER) /{G{7ONE+LAYER} +AWC (ZONELLAYER)
IF(ZONE=XZON ) 24093104240
CONTINUE

READ ROUTING PARAMETERS,CMANNEL VALDES.
INITIAL SNOW COVER AND THAW,



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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READ (TREAD+ ISIRDELT+CMF ] +ASHOW. THAW

WRITE(TPRIN.26}RDELT«CM Rl +ASHNOW

DO 315 ZONF=] 4 WUMZ

SNO (ZONE ) =R5N0W

00 315 LAYFR=1.4

MZ(ZONEWLAYFR)=0.D

IF ITNUML 32« 320+350

Mi1Y=0D.

MI2)=D.

QMAYLI1)=D,0

DO 340 ZOMNF=]«NUMZ

GMAX {ZONE+131=0,0000001

GMAX (ZONE.2)=0.000000]

GIZONE+11=TOPD{ZONE) #G{ZONE 1) #0.01

AWC{ZOME+ 1)1 =aWC{ZONF. 11 eTOPD(ZONE) %0, 01

A=SOILD(ZONF) ~TOPD {70NE)

AWCIZONE y 21 =AWC IZONE 2 0Ke), 01

GIZONE+2) =R {70NE.21 X80, 01
INITIAILTZF STARTING POROSITY.

00 330 L=1.7
SAL INTITIALLY BEAD AS % aSM: IF NO RETURN
FLOW, CONVERT SA]1 TO AlR SPaACE.

Shl(ZDNF9L1=II.—SA1EZONF-L})“(nHC{ZONEcLI*GtZONF-LI}

CIZONES 11 =FC{ZONE)

CLZOMF + 2} =R

GO To 500
READ THF RECESSION RRESBKPOINTS FOR
SUBSURFACF RETURN FLOW ROUTING.

READ(IREAN 31} (AMAXL L) «M{L) ' L=1sMiML]

WRITE{IPRTINGZT) (LeOMAXL (L) 4M{L) sl =] NUML)

QMAXL {NUML+1Y=0,0
COMPUTE M1 AND M2 FOR EACH ZONE.
ASSUMPTIONS: (NERTVED EMPIRICALLY
PEMDING FURTHER RESEARCH!
AMAX=FCo{GIL}/GI2) b ea2u W/ RATIO OF
7ONE)®GRADIENT OF ZONE
MIL)=FREEWATER AT SATURATION/UMAX
MIL}=OFPTHRGI2) ve2eny| sape (GLEoRel 0t 6/
(FC2G{LY*ARFASSL)

c
C
C
C
C
C
c
C

00 364 ZONE=1NUMZ
CONQT=G(ZOMF.2]ﬂ“E.*GVLI?DNF]“*?.“({SL(?ONfi“-01)““?-+l.01““0.5/
T(FC{(ZONE) #SL{ZONE) #*aCRES®43560,9PCZOMN(ZONE] }
IF{M(1)) 359.359.368
IF M FOR THF LAYER TS KNOWN TO RE ZERO,
LTAVE TT.
MZ{ZONEsl)=n,
GO TO 361
MZ(ZONE « 1} =CONSTSTOPD(ZONE} /G (70NE 4 1)
IF(Mt2)) 363.363.362
MZ[70ME 2420,
GO TO 364
MZ(ZONE »7) =CONSTP(SOII N{ZONE}-TOPD (ZONE) ) /G {ZONE + 2)
CONTINUE
IF RETURN FLOW DCCURS IN WATERSHED. DIS-
TRIRUTF STNRAGES OF RECESSINN FLOW REGIMES
3 AND & TN PROPORTIGN TO
TOP SOTL 6 VALUFS OF Z0ONMFS,
SGl=0.0
D0 400 Z0NF=1NUMZ
GIZIONE+1}=TOPD(ZONE}*G(Z0ONF,11%0.0]
AWC{ZONE+ 11 =aRC(ZONEW 1} 2TOPD{ZONE I # 0. 0]
X=SOTLD(ZONF) -TOPD { ZONE !
GIZONE «2)=G{70ONEs2) 0420, 01}
AWCIZONE P =AWC [7ONF»2) eX00.p1
5G1=561+ G(ZONF+1) #*PCION(ZONF)
DO 480 ZONF=1NUHZ
QMAX (ZONE 4 NIIML + 1) =GR
XXUZONEY=G[ZONF«1)*PCZON{ZONE) /5G]
LF INUML=-2144N+450,420
DO 430 {LAYFR=3.NUML
MZ{INRECLAYFR)Y=M(LAYER)



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
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http:GCZONE,2l=r,C70NE.2)~X~O.01
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GIZONE+LAYFRY=HMILAYFR) QMAXL{ILAYERY # XX {JONFE} /PCZON {ZONE)
GO TO 450
HZ {(ZONE21=20,0
GMAX [ZDNE « 2 =FC (Z0MNE)
TF DNLY ONE LAYER OF RETURN FLOW: CONVFRT
Shl TO AIR GPACE.
SAY{ZONE+21=({].-SAT{ZONE2) ) (AWC(ZONE2)2XP 01 +G{ZONEZ))
CE{ZONE 21 =GR
CIZONE W 1Y=FC{Z0ONEY
GO TO 478
KNUM=NUML -1
DD 461 LAYER=1.KNUM
IF{M{LAYERY) 459,499+450
GMAX [ZONE «LAYER)=0,0
CIZONE+LAYFR}=FCIZONE)
GO TO 461
OMAX (ZONE I AYER) =G (ZONEWLAYER) /HZ [ZOME«LAYER)
C{ZONE+«LAYFR)=RI{ZONE+LAYER+]) /M7 (ZOME L AYER+ 1} +GR
CONTINUE
CIZOME +NUML Y =GR
GMAX (ZONE«NUML } =G ( ZONE « NIUML } /MZ (ZDNF » NUML)
CONTINUE
MRITE(IPRINGZGY {IDUM I ZONE L + ZONE « 7ONE « ZONE=T s MUMZ )

& FORMATI(*OV.t*COFFFICIENTS AND MAXIMUM G'1S PPOPORTIOMED TO ZONES AC
1CORDING TO TOPSOIL NEPTHIA/Z2X+"REGIMEY 46 (A2 REs "M Z74114AXa0Q 21w
glls2%10

00 690 LAYFR=]1..NUML
WRITE(IPRINGSILAYER«{MZ (ZONE+LAYER) «OMAX{ZONFEsLAYER) « ZONE=1 +NUMZ)
FORMAT ! * P eT2+9Xa0(FI, 248X sFAAGXL]
IF{NUMZ=1)6S0+A90, 70D
PEAS=0.
IFINUML=-1) &20+520+520
NMZ=NUMZ~=1
READ CASCADFE PARAMETERS.
READ(IREAD . 168)PBAS, (PCASIZONE] ¢ (LOC{KsZ7ONE) yK=1 47214 70NE=] «NMZ}
WRITEITPRIN(PB) (ZONE«PCAS(ZONE) s [LOC{K»ZONE} 4 K=142) «ZONE=T 4 NMZ)
WRITELIPRIN«PS1 NUMZ
WRITE(IPRIN.301 PRAS
PBAS=PBAS®N,01
IF {NUML=-116Z0+520+520
DO gl0 ZONE=] «NUMZ
INITTALIZE STORAGES AND RATES IN SURSUR-
FACE FLOW REGIMES. SALl STILL = ASH
G0 610 LAYFR=1NUML
IF (MZ{ZONF L LAYER) )5530+550,571
X=GMaX [ZONF LAYER]
IF (ZOME=NUMZ7) 524.527.527
X1=R1#PBAS/ (1.=PCZONINUMZ))
GC TO S23
X1=PL#{]..~PRAS) /PCZONINUMZ)
[FIE1-%1530+590.55%0
IF {X1)450.550+540
CONVERT SAl TO AlLR.
SAI(ZONEWJLAYERI={1.0=X1/X1 =G {ZOQNE,LAYER)
Q) [ZOME +LAYER) = (G{ZONEyLAYERY}~S2L{ZONEJLAYFR} ) /HMZ [ZONE«LAYER)
G0 TO &00
IF{PANG{ZONF JLAYER)Y)IST0G+5T70+560
SAYI{ZONEsLAYER)= G{ZOMEW AYFR)
GO TO RAHN
SA1 [ZDONE+LAYER) SO IZONE W LAYER) +OFRCT (ZONESLAYER) ¢AWC (ZONF2LAYER)
RI(ZONELAYFRI=D.DO
GO Tn #00
SAT{ZONEWLAYER) =0.0
Q1 (FOMNFSLAYER) =OMAK (ZONE »LAYER)
QLITZONE«LAYFRY =040
CONTINDE
DO E70 ZOMF=1+MUMZ
CVOL (7OME 11 =CVOL (ZONE 1) ¢ TOPD(ZONE)} 20,01
X=gNTLO{Z70MF) ~TORPD {ZOMFE)
CVOL [FOMNE«P)=CVOL{ZONE+2) 2X®0. 0]
IF{CVOLIZOME A1 1630463045400
COPTI(7DNEY=0. 0
B0 TO 67D



http:CVOLI10NE.?)=CVOL(ZONE.2l~X~0.Ol
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IF(CVOLIZ0NF  PY1AG0.650.660 2R90
COPTIZFOMEY =] . 0 29400

GO TD &T0 2914
COPTIZMNNFI=R,D a4
CONT INUE 2930
IFINIMZLEF, 1) GO TO T40 2944

DO 730 FOMF=} NMZ 2550

IF [PCASTZONF) =100,17104720.710 2560
IFALOCIY . ?0HE) ,EQ.CHAN) GO TO 771 2970
IFILOCUL «ZNNFY L FOLALLUY GO TO 726 2980

G0 70 233 2999
CASCIZONE)=1.0 3000

GO Tn 730 01a
CARC{ZONE)=0.0 3020

G0 TQ 730 anaq
CASCIZONE1==), 3na0
COMTINUF 3050
PCASINUMZYI =1 00,8 gl
CASCINUMZ Y =0, 0 ao7o
Ri=g.n INAD

IF INUML =13 TB0 70,790 3090
HUML=2 100

BO A3N ZOMF=].MIIHZ arin
PCAS (ZONE1 =PCAS(70NF ) 20,01 3120
VOMAXIZONE Y =it 0 3130

DO B20 LAYFR=],NUML 149
TF{LAYER->1000,B00s820 i5o

C CHECK THITIALIZED STORAGE YALUES. 3168
ano TFST=CVOL{?ONELAYER] =AHI {ZONE . LAYER) 1170
IFITESTIAZN.A20.5K10 3180
810 CYOLIZONE| 2YER} =AWr {ZONE »LATER] ilen
820 SPﬂrlZﬂNE-LﬁYERI=6[?0NE.LA?EH]a&HC(ZUNE-L&VFP} 3za0
830 COMTINUE 321a
WRTTECIPRIM. A} 2240

& FORMAT('OTHF S0IL PARAMETERS INn INCHES FOLLOW. 3230
7 Vs JONE LAYFP & AWC S4 CRACKING C{IN/HR) EELY

k| TaPp S0ILDY 325q
GO RGN 7ONF=] «HUMZ 60
HPITETIPRIN-?I?ONE.TDFDIZDNE)-QDILD(?DNEI 3770

T EORRAT(F 41,1555, 2F10.2) 3280
DO R0 LAYFP=1.NUML 3290
TFILAYER-11A40B40,850 3300
840 HPITE(IPRINoH]LﬁYERuGIZDNE|LﬁYER1uhHC(ZGMEoLlYEDIr?Al(ZONE.LAYER}- 33lo
TCVOL (TONE W 8YEP) oC{70ONE .| AYER} 33z20

A FORWATI4 41 ,5¢, TS5,4F10,3.Fl0.4} 3330
GG TO AAD 10 3340
asn NRITEIIPRIM.QJLAYER|Gl?UNE,LﬂYEP)-ﬂwC!ZONE-laYEDJ-QGIIZnNEuLAYEPJQ 3asn
1CVOL{ZOMNE«L2YER) s C [ ZONE , LAYER) ERETY

% FORMAT (1 FABX TS AF10.3.F10.34F 10,4} 337
860 CONTINUF 33480
RE THRHN 1350

12 FORMAT(11r.22%.9USDAHL ' 274 MONEL OF WATERSHED HYDROLOGY'+40X, 3400
TPEe=T4706¢ ) 3410
13 FORKATIZO0A4) 1420
14 FOPMAT({AFB,.7+344) 3430
15 FORMATIIOFA,?) Jaan
31 FORMAT(9FA,N) 3450
16 FORMATIFE.243(FB.2¢Pa4)) ek
17 FORMAT{I0{3IT?7X)} 3470
L9 FORMATING I £ 1,2088] 3480
20 FORUAT{*]1CAPAHMETFR INPUT CARDS ARE OUT oOf ORRER OR IMPRGPERLY 3490
YPUNCHEDR, FYFCUTION WILL BE TERMINATED.L1) s00
21 FNRMAT{'DWATERSHED PARAMETERS /7 /5% FACRES=V,FB,1,5K, 'NUMRFR OF Z0 1510
INES=14FaLl.SX+1RTG CNEFF: TOTAL= +F4.193Ke "AROVE WETR=14F4,1+5x, 3=20
Z'NUMBER OF CROPS=¢4F4.1//5X.'DEER GROUND WATER RECHARGE=?+FR,5y5Ke. 3530
J'DOFS LANMD USE NHANGE?' 11X, 244 +5X, 'OOES TEARLY TTILLAGE CHANGETT, 3540
41X an) 3550
28 FORMAT{1DGFNFRAL ZONF PARAMETFRS? /7 /75Xy ' 7ONE T WS LEHRTH 3560
1 5l NPy FC DPTH TR SERATED DPTH LR 3sTa

2 WPPH ) 35840
23 FORHnTiéx‘T?oﬁprS.]-BX-F?.ﬂu?I-FS-P'BX-FS.E'BX.FS.luﬂx.FS.]oBK- a5%0
IFE.PaKFE, M 600
24 FNRHMAT(Y0SNTL PARAMETERS1/// 45X, Z0MNE % 6] % AWC] % AS 3610
1Ml % OORAKL ¥ &2 FoOAWC2 % ASMP % CRAKZI) 620
25 FORMATI&X-I?QTX-FS.]|5X-F5-1-51wF5.I-SXQFB.?aIU!-FS.I-EX-FS.l-ﬁxo 3620
IFS. 1 aX4Fé, ) 1640
26 FORMAT{rOROUT IR PARPAMETERS Y // /5Ky FCHANNEL POUTING RELT TV wFF.3, 36590
1 CHANNFL COEFFTCIEMT=? oF 7,2 46X VINITIAL STREAM FLO=!.F9,5+6X, 1640
ZYIMTITIAL SNOW COVER='Ff,2} AWGT0
27 FORMAT(VOSURSURFACE FARAMSY fr /15X, "REGIME G-Hax 3AB0
i COEFFICIFNT ' A/ 18K« T2 1 3XaFT,5+11%+F5,2)) ELY-
28 FORMAT ('DCASCADING PARAMETERSY // /530 ' ZONE ¥ TO MEXT ZONF IToo
LEST GDES TOPP// 16X+ 249X eF6,1412%4244)) 37la
29 FORMAT( SX.0{100% OF ALLUVILUM (ZONETST24%) FLD GOES TO CHANMEL}Y) 37z0
30 FORMATIBX .t {YBASEFLA DIVERTFD FOOH ALLUVIUM=Y4FR, 1.1} 1) aran
END ITan
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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

SURPODUTINE PFRNAUTIRTIM)

COMMON A(1N) JACRESANC (4«6} vROL «AVD+CTa48) 1CASCIA) wCDPT (4} 4CHIN,
1CM CONT »CONP W CRAPS (24101 sCRPVD {10} ,CVOL (444} ¢D1(4) «DAILY«DAMD(12)
ODFLE2DELETSDBFLF (&) aDELP {300 «DFLB(4) +DELRZ (4) +DE{ T{300} +DELTF+DET»
IDPE (43 eDO0 (4] sF aFLI442) 2FPAETERPLYIN) «ETL 4 «P)aFCta aFTL G {4 st
GBAZ(ID) »GT {10 AGIGI10R2) » IREGIDALY » THYD» TOVERS IPRINSIREANSIROTA

COMMON TTABFLITIL«IYDAY#IYRAIYRLwJUL (50} +KCULI10e10)KOATE(ID910)
IKND {10} +KONTaM{a) s HDY {5} +MHR[S) +HIN{S} sH1IS T MO(5} sMSTOR«MYR (5]
PNCHEK « ME s NKAOP s NST o NUML « NUMZ s NWEEK 2 DLOGT LAY 2 DVA (4] 2+ OWL (4]

APAGE 4PANIS2) JPCAS (&) «PCKROP (4410) +POION(S) yPEAKPRECIP Ol i4es]
GOL1 (40 ) sRQMAXTL«5) Q01 (&) «OANPK(4) A7 (&) R1IRDELTHHOONTO(10}
COMMON RUNONIS) «SA1 (be&) +SCH (G4 4 SDAGIAY s SFLI4s 2+ SETL {42} 4561
1SGRIG) «SLIE) JSMAX(4+4) s SOTLDI&Y 2 SOL (4 ed) o SRUNON TS 4 SUBPUT (S} o
PSUMFT LAY s SUMPNIAY 4 TEMPIGR) a TIMIS] « TTMEZTLII0) aTOPD (&)« TP-TU(10) 4
AVOI4) yVDMAZ L4) JVEGT4) + VDL ZGT L) s ZOMEWWRPPL (4] WPP2 (4]
INTEGRER ZOMF
RFEAL M
SFT UP A FUNCTIONW TD CALCULATE THE
FIGHT-HAND SIDE OF THE EQUATION.

FUNC [DaTeA1 =P, oDeTranRes] A7
THIS SURROUTINE ROUTES PRECIPITATION
FXCESS GVFRLAND TO THE NEXT ZONF. THE
EQUATINOR OF OVERLAND FLOW IS: G=0VasDeoN,
INFLOW TO THIS SYSTEM IS5 PRFCIPITATION
FXCFSS, THE PROGRAM USES THF FOLLOWING
FORM OF THE FRUATIONS,., 2#DPE/TIME-QL+2
R /TIME=OVAEDPEeOVN:2eD2/TIHE WHEPE NPE
FOUALS CHANGE IN PRECIRITATION FXCESSs
TIME=DFLTA TIME. Q1=RATE OF RUNDFF AT THE
BREGINNING OF TIME. DI=STARAGE AT THF
AFGTNNING OF TIME. OVA=FUNCTION OF VEGF-
TATION. SLOREs AND |ENGTH. D2=ENDING
STORAGE . N=1.66T ASSUMTING TURBULENT FLOW.
THE VaLUE OF D? IS TTERATED UNTIL TRHE TWO
SINFS NF THF EQUATION BALAMCE WITHIM .01.
CLLCULATE THE LEFT SIDE QF THE FQUATIOM.

XLEFT=2.9DPFIZNNE) *RTIM=Q0] (ZONF] «2, 2D (ZONF}2RTIM

TF(XLEFT)I11041104+120
TF THE [NPUT PLUS STORAGE WILL NOT SUPPDRT
H&LF THE RATE OF OUTFLOW AT THE REGINNING
NnF DELTA TIME., THEN ALL OF STORAGE aND
INFLOW WILL RUN OFF IN THE DELTE TIME,
DE=n.0
DRO{ZONEY=N) (ZANE) +DPE {Z7ONE)
on2=0.0
G0 TO 250
STORAGE AT THE END OF OFELTA TIMF WILL
NMDT BE LARGER THAN INFLOW PLUS PREVTOUS
STORAGE MINUS HALF THE OQUYFLOW a7
THE REGINNING RATE,

Ne=XLEFT#*TIMFeN,5
IUSE THE FIRST ESTIMATE OF STORAGE AT THE
FND OF DELTA TIME TO CalCULATE THE
BIGHT-HAND,

IF{ZGI [ZONFI=DLDGI {ZONFY YR 4104R

OVALZONFI=(14T0.~1225.87G] (ZONE)RVEG(ZONE) ) #SL{ZONE) ##.5/0V] | ZONE)

QLRGI(ZONFY=ZGT { ZDNED

RTIGHT=FUNC NP sRTIMaOVATZONE ) )

IF (RIGHT=XLFFT}12404240.130D

IF THE RIGHT-~HAMD STDE OF THE EQUATION

15 LARGER. REDUCE THE ESTIMATE OF ENDING

STORAGFE AND CHECK TQ SEE IF IT 1S5 ZFRN.
x=ng

NP=X=0.30

IF(R2) 150150140

RIGHT=FUNC(N2+RTIMsOVA{7NNEY )

IF(RIBHT=X| FFT)150+2404130

DP=x=0.10

IFIN2118041804 160

RIGHT=FUNC (DP+RTIMsOVA (ZDNE)}

IF(RIGHT=XI FFTI1A0«2404170

K=nz



http:O?=X-O.IO
http:O?=K-0.30
http:FUNr(D.T,A)=?~O~T+A~O~~1.67
http:IYOAY.TY

TECHNICAL BULLETIN NO. 1518, U.S. DEFARTMENT OF AGRICULTURE

G0 T 180

Ng=X=0.01

[FINZ2Y210+.21N+190
RIGHT=FUNC (PP RTIMWOVA{Z7DNEY)
IF(RIGHT=XI.FFT)Y210+2404200
Xx=ng

GO TN 180

De=x-0.00%

IFINZ2Y110+110.720
RIGHT=FUNC(DP+RTIM.OVA(7ONE))
IF{RIGHT=XLFFT1230+2304+240
Ne=x

bt ki
= e

bt it
e

WHEN THE Twn SINES OF THE EQUATION
RALANCE CALCULATE THE RATE ASSNCIATED
WITH THE ITERATED STORAGF VALUE AND THE
VOLUME OF GUTFLOW FOR NELTA TIMF,

QO2=0VAIZONF) #npee] .67

DOED(ZONE)=N] {ZONE) +DPE (ZONE ) =D 7

SAVE THE VALUFS OF STORAGE AND RATE FOR
THE NEXT DE{.TA TIME,

e et bt b et bt d bt b
b b bt et et At e e et

D1{70NE)=D?
GO1{ZONE)=n0?
RFTURN

END

[
bt
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USDAEL-74 REVISED MODEL OF WATERSHED HYDROLOGY

SURRQUTINE POLLUT (IPAGE.RATIN)

RY GLORIA STILTNER TO PROVINE OUTPUT
FOR COMPUTATIONS OF SOIL ERNSION AND
CHEMICAL TRANSPORT,

COMMON AL1D0Y+ACRES ANC (G0 oBOLBYD 2 C L4424 +CASC{A +COPT (4 +CHIN,Y
ICHSCONLsCONZSCROPS (221012 CRPVD 10} o 2VOL {4041 +D1 {4} +DAILY+DAMOL(]12}
2DELE ¢ DELET «DELF (4) sDELP (300) +DELG (4} »DELOZ {4) sDELT (300) yDELTF +DET
3DPE (4} sDQO14) dE+EL (442} sECETEPL10) dETL (6421 sFC {4} 4FIL{4) 4G (bed)s
HEAZLI0) «GILI0) +BIG{10eS2) s IREGIDALY «IHYDIOVERyIPRINSIPEADSIROTA

COMMON ITAPEITIL+IYDAY,IYReIYRIsJUL(50) sKCULL10010) «KDATE (104100«
IKNG (10) +XONToM{&) s MDY {S) +MHR{5) yMIN{S)} yMIST MO () «MSTORIMYRI(G) »
PHCHEKaNE s NKROP o NS T e NUML 4 NUMZ « NWEEK « QLDGT (4) 2 OVA (&) VL {4 o
IPBGEPANIS?) «PEAS (4} sPCKROP (4410) sPEZON(S) s PEAKsPRECTP4Q1 {dedd s
LOL1¢4s4) sOMAXL4+5) +N0Y{4) 1OOPK (&) +GZ (4} 4R14PDELTHROOTD{10)

COMMON RUNAN{S) 2SAY [4¢4) s SCNL{4e4) ySDRO14) +SFEL (442) ySETL {492) #5615+
ISCGR{GYaSLIE) «SMAX (4494 ) 2SOTLD (4} +5QL{4+4) s SRUNON(4) +SUBPUTIRY »
PSUMET (4} o SUMCN (43 o TEMP(52) o TIM(5) « TIME2TLU10) s TOPD(4) 9 TRaTU{10} 4
VRIS 2 VDMAN (L) WVEB{4) o« VOL W ZGI {4) s ZONE +WPP] {4 ) + WPP2 (4]

NIMENSION SM{4.s)

INTEGER Z0NF

REAL M

IF OQUTPUT FROM SUBROUTINE POLLUT IS NOT
WANTED. DUMMY THE WRITE ON DEVICE 9 8Y
CHANGING THF DD CARD IN THE JCL TO
J/JORX.FTOS00T DD DUMMY

IPOL =9

1YDAYP=IYDAY=]

DO 142 ZOME=144

DO 142 LAYEP=1,4

162 SM{7ONEWLAYFPY=0.0
B0 14l ZONF=I«NUMZ
NG 141 LAYFR=1.NUML

141 SM{ZONE+LAYFR)I=SMAX (ZONE+LAYER} =SA] {ZONESLLAYER)
IF (1PAGF=1011104100+110

100 IPAGF=)

WRITE( TPOLW1)

I FORMAT(*1INAILY SUMMARIES FOR INPUT TO POLLUTTONt/

1t t.tYRDAY TEMR T £V fL
2 CN &R DRO  RUNON QOPK  SMey
3t 1, L1 Le L1 L2 L1 L2 L3 L
4 L1 L2 L2 L4 L1 ' L3
54v)

110 DO 120 ZONE=] NUMZ

WRITE(IPOL P} IYPIYNAYP  TEMP (NWEEK) « ZONE + {SETL {ZONELAYER) »L AYER=
11+2) o iSEL(7ONE«LAYER) «LAYER=1+2) + {SOL{ZONESLAYFR) +LAYER=]Lwd} o
2(SCN({ZONESIAYERY 4 LLAYER=144) + SDOO {ZOME) s SRUNON {ZONE ) s QOPK {ZONE} »
FUSM{ZONEILAYER) ¢ LAYER=] ¢4}

2 FORMAT(? 1,72+135F5,1+1X2%Z%+11415F64344F7,3)
120 CONTIMNUE
WRITE {IPOL .3}
3 FORMAT(00¢)

IPAGE=TPAGF+1

DO 140 ZOMF=14NUMZ

GOPK (ZONE) =0 .0

SPRO(ZONE) =0.0

SGRIFONEI=N.N

SRUINONIZONF Y =0,0

DO 130 LAYER=1,.2

SETL{ZNNE ) AYERI =00

SEL (ZONEsLAYER1 =0, 0

DO 140 LAYFR=144

SOL {ZONF ¢ LLAYFR) =040

SCNIZONFLLAYERI=0.0

RETURN

£80
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SURROUTINF ROUTE (CMC«IREGL«RPICHINI AN T}

COMMON A (1N0) sACRFSAWC {4 ad )} aBOL aBVNICl4+4) s CASC L) «LDPTI&) o CHIN,
ICMCONL »CONPACROPS (P10 +CRPVDL10) o CVOL (B 44) +D1 {4 s DATLY s DAMOIL2)
2DELF«DELETWDFELF (4} o DELP{RD0) ~DFLA (4} «DELAZ (&) «NFLT (003 «DELTF4DE T
I0PEL4) DO LAY sF o FL {4 a2} «FPAFTEO{10) o ETL {421 +FC{aY aFILIA) aG{bdad) s
GOATIIB) 26T HI0) «GIG{10+452) v IREGTRALY s THYDLIOVER,IPRINVIREADLIROTA

COMMON TTAPE « ITTL e IYDAY «IYRAIYRI + JUL IS0} +KCUL{IB1N) +KDATE (104101
IXNOLLIO) «KONT M4 o MOY {5) o MHR (5} MINIR) sMIST MG (S} sMSTORSMYR (5] o
ZNOHEK «NE y NKPOP « NST e RUML tNUMZ A NWEEK s OLNGT {4 4 GVATSG) aDVL (&) »
3PAGE «PAN(BP} «PLAS{4) +PCKROP (4510 sPr7ONIS) «PEAK PRENIP NI (G ok
aQII(Auﬁ)cQVhX{aoS}.OO](QE.QOPK{Q).ﬂZ(hioPIcPDELTqROOTD{IO}

COMMON RUNNN({S) 9 SAl {4441 «SCN{G 4} 2SDO0(A) vSFL(4+2Y +SETL(442)450G]
TSGRIAY sSL (A vSMAX (44} aSOTLNI4Y 4SOL{424) o SPUNGMNIS} «SURPUT(S) »
PSUMET (4} «SHMEN{A) s TEMPLG P o TIMIS Y s TIME S TL (I« TOPD(&) o TP TULLDY
VD) o VDIMAX L4) o VFGL{G)} sV v 26T {4} 2+ ZONELWOPL {4) ywPP2{4)

NIMFHNSTON OVATZ L4}

INTFRER 70ONF

REAL M

THIS IS THF CHANMEL ROUTING SURROUTINE,
ITT CALCUHLATFS USTNG & RFGUALR TIMF
TNCREMENT (RDELY) .

CRLCULATE THE RATE OF FLOW AT THE EMD
nF THE TIME PERIOD.

IF(IREG] ) InNa 10430

IRERI=]

XxhD=n.

CHINI=0.

00 20 17=Y.NUM7

OVAZ(TIZ)= (1470, - 1PPS.oVFR{TZ)yeSL(TZ)#a8 , S/0VL {7

XKAD=XXN+ (OVAZ(TZ 188 (~0,A) I BPCZON{IZY

CME=CM=XXT

CONI=Z/{OMC+ROELT)

CONP={CMC-ONFLT) /{CMC+RDFLT)

IF THE CHANNEL ROUTIMG COFFFICIFNT IS (FSS
THAN THE ROHUTING INTERVAL DO NNT ROUTE BUT
ASSUME THAT CHIM=-CHINI=(R2=-RI#RNFLT

IF fCMC"pDF[ T}“O--‘&quﬂ

He=R1={CHIM]=CHIN}&RDLT

GO T Af

RP2=CHIN#NOMI « Pl #LON2

RP=(RPI+RP2)#RDEL TN, S#CONT+RI#CONP

CHECK FOR T DAILY PEAN RATE.

IF{PEAK~HPI100+1104110

PFARK=RZ

CALCULATE THE TIMF nF THFE PFAX,
TP=KONT#RDFL T

CALCULATE THE VOLUMF OF FLOW FOR THF

TIME PFRIQOD AND ADD IT TO THE DATLY

TOTaL,

VOL={R2Z+R1V1 2N 5%RDFELT

DATLY=DAILY+VOL

IF(R2=,000013120,120¢120

R2=0,0

=RP2=0,

V{"l =0.

Ri=R?Z

CHIN]=CHIN

RP1=RP2

RE TURKN

ENDY

13
13
13
i3
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
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USDAHL-74 REVISED MODEL OF WATERSHED HYDROLOGY

SURRQUTTNF SURSUR {M7.V)

COMMON ACIN) ACRES«AWC (44 4) sBOLvBVDAC (44 &) s CASC{4) s COPT{4) +HTN,
1CMICONT «CONP«CROPS (223 0) «CAPYD LD} aCVOL {44} s D114 +DATILY«DAMOLILP) «
ZOELEWDELETWNELF {41 sDELP (N0 4DFILQ (4} «DELQZt4) +DELT(A00) ¢DELTFADET
INPE (4} +sNQD(AY s E2EL (4¢2) +FP+FTER IO} vETL 442 «FC(4)+FIL(4)1G(A40)
4GAZ(10)+BT (101 +GIGLINS52) s IREG IDALY«THYDYINOVER.IPRIN+IREADJIRNTA

COMMON ITAPE s ITIL»IYDAYSIYRyIYRY & JULISOY s KCUL (10410 sKDATF (104100
IKMOTT0) o KONT M4} «MDIY (G s MHRIG) 2MIN(S) «MIST MO {R) 4MSTORWMYR {5 «
ANCHEK o ME s NKROP s NST « NUML s NUMZ s NWEEK » OLDGT [4) a OVA (4 2 OVL (4] »

APAGF « PAN(S?) «PCAS(4) «PCKPOP {4110) +PCZONIS) +PEAKSPRECTP+OL (4440
4OLY (4vd) »OMAR {445) +N01 (4) +Q0PK (4) 407 (41 aR1PDELTAROCTD (10}

COMMON RUNNNA{S) o SAY (424 aSCH {408 »SNQ0TA) 4 SEL {42 4 SETL{4121 345G
ISGRI4) +SL{4) «SMAX (444 ) «SNTLD (&) «SAL{444) « SRUNON(L) «SUHPUT (S]
SSUME T {41 «SHMCN(4) « TEHP{S2) y TIM{S) »TIMF&TL (10 s TOPD (4} TP TUL10}
AV (4 »WVDMAY (4} a¥MEG T4 4 VDL ZG I 14) +ZONEWPP]L (4) s wPPP (4)

DIMENSTON FREE1 (6ea) «FREFZ{4) M7 (0441 aG2{4 QL2 (4] ,5482(4)

INTEGER ZOME

REAL M.MZ

THIS SUBROUTINF CALCULATES RECOVERY FROM
THE TOP SOIL BY LATERAL FLOW AND DOWN-
WaR SEFEPAGE ANM ROUTES SEEPAGE THROUGH
THE SERTES NF LAYERS CALCULATING LATEPAL
AND DOWNWARD FLOW FOR EACH LAYFR.

SET DELTA INFILTRATION FRUAL TO FLOW
TNTN THF FIRST LAYER.

AOoOGO00Nn

SURPUT {1 )=nNFLF { ZONEY

LPLUS=NUML +1}
IF AVEHAGE TFMPERATURE FOR TWO WEEKS
LESS THaM 3Ins REDUCE LATERAL FLOW OF
1 AS & FUNCTION OF DEGRFES RELOW 30,
TEFMPERATURE IS BELOW 20 LATERAL FLOW
LAYFR 1 STOPS.

IF INWEEK~NCHEK)Y 12420012

IF(TREG) I10+10411

AVG=TEMP {NWFFK)

GD TO 14

AVGE= (TEMP (MCHEKI«TEMP (NWEEK] } #0,5

IFtAVG«~30,)13a15415

V=1.

GO TQ 20

Ve (AVG=20.,180,1

IF(vLLY.04.1 V=N,

v DO 480 LAYFR=1.LPLUS

IF{LAYER=13110-1004110

SAZI1I=SAL{70NF41)

IFIC(ZONE 1311904150140
CHECK T SEF IF TRHE RADTTOM | AYERP HAS
REEN EXCEERDFD, TF Sn0. JHST aD0O THE
INFLLOW TO THE NEEP GROUND WATES ACCUMU-
LATTON aNN LE&YE THE LODP.

IF(LAYER=NIML} 130+130:120

SUMCN(ZONE ) sSUMCN [ZONET « SURRUT [LLAYER]

G TO 4RO

SUBTRACT INFLOW T THE LAYERP FROM THE
AVATLARLE PORDSTITY.
SAZILAYER)=SAL(ZONELLAYERP) —SUROLTILAYER!
CHECK FOR FREE WATEP IN THE LAYFR. TF
NONE« SET QUTFLOWS FRUA| TO ZERD AND
CONT INUF .
IFIG(ZOMNE «| AYER) =SAP (LAYFR)I1504150+160
QZ{LAYER) =D, 0
FREE2{LAYEMI=D,0
SURPUT (LAYFR«L}=D,0
DELO{LAYEPY=N,N
QL2 (LAYER)=0,0
GO TN &R0
CALCULATE RURREMT FPEE WATER AMNUNT.
FREEI(ZOMF JLAYFRY=G(Z0ME«LAYER)Y=SA2{LAYFR)
IF (MZ{ZONF I _A¥FR) ) 1R0+1R01T0
QL (ZOMF 4 LAYFRI=FRFEL(ZOMF «LAYER) /MZ [ ZONE «LAYER}
SURGITILAYER+ ) =CIZONF+LAYER) STIMERFREE] (ZOMF 4 LAYFR) /G (7ONF «LAYER)
TEST=FRFE] {7ONF«LAYFP) =SURAPLUT{LAYERQ+])
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IF(TESTYI19N0 200200
SURPUT ILAYFR«11=FREE] {ZONEWLAYER)
IF(LAYER=MIIME) 21042304210
TEST=SA) {ZOANE+LAYER+1)=SURPUT{LAYER+1}
IFITFSTI2PN 2304230
SURPLUTILAYER+1)=5A1 (ZONF«LAYFR+1)
SAR(LAYFRY=SAPILATER] +SURPUT(LAYER+])
FREE] (ZONEZLAYFRI=FREE] (ZONE+LAYER) —-SURPUT (LAYEP«1}
IFIMZ IZONF <L AYFR) ) PS504+2504 260
CALCULATE NOWNWARD PERCGLATION,
RP{LAYERY=0,
QLZ2{ LAYERI=N.D
DFLN{LAYERY =R,
GO TN 450
CALCULATE OUTFLOW FROM THE PEGIME,
X=2eMZ {ZONF.LLAYER)
CHECK=GQZI7DNF}+R1
IFLILAYER=-1)3310.3004310
B=G(ZONF 4+t AYER) / {MZ (Z0NE+ 1) =CM}
GO TQ a&.
B=GrZONFoLAYFRl/(HZ(ZONE-LAYERJ—MZ{ZONEaLﬁYEP-ll}
W= (R=CHFCK} /R
IF(wWw)330:33D43F0
IFIFREEI(ZNNEWLAYER) 134043404350
FREF1 {ZONF 4 {_AYFRI=0.0
AP (LAYER)=FREEL (ZONF+LAYFR) /MZ {ZONFE L LAYER)
DELNCLAYERY=0.0
BLEATLAYER =N O
GO TO 450
TEST= 4.2TTME=X
QAEI=0Q1 (ZONF.LAYER)
IF{TEST)I3TN.380.380
NLOOP=]
Y=SURPUT{LAYFR)~SURPUT{LAYER+]}
GN TD 390
SavE=TIME
NE QOP=TIMF#2 ., /M2 (ZONEWLAYER) +00,5S
TIME=TIME/NLODP
Y={SURPHTILAYER) ~SUBPUT(LAYFR«]) ] /NLOOP
Z=(X=TIME) F (X+TIMEY
D 440 KOUMT=1.NLONP
CALCULATE LATERAL DUTFLOW.
QZ{LAYFR) =P, BY/{X+TIME)} + OQIE7
QQ1l=Q2 (LAYFR)
[F(MLOOP~1)420.,4204410
TIMF=SAVE
IF HLAYERWLGT LYY v=1,.
QLP{LAYFR) =Q2{LAYER} ¢Wry
IF Q2 IS NEGATIVE. SET IT T ZERD,
IF(NA(LAYER) =, 0000001)1830+430+440
Q2 ILAYERY=N_0
QL2ILAYER)=0,0
DELOILAYERY=FREE]l (ZONF«LAYER)
FREFZ(LAYFR)I=D,0
BO TO &4AD
CELOILAYERY=(OL2(LAYER}+AL1 {ZONEvLAYER) ) /2. 0% T IMFE
E=FPEEL {ZOMF+LAYFR)-DELQ{LAYER)
IF(X)430¢e470+4K0
SAVE VALUES AT END OF DFLTA TIME FORP USE
TN NEXT PASS AND CACULATE NEW POROSITY.
GLIZONE+LAYFRY=RAILAYER)
AL1(ZONE«LAYER)=QLZ{LAYFR}
AZ(ZONE)=G7 (7ONE )« QL2 ILAYER)
ADJUST THE STORAGE AVATLABLE BY THE
VOLLIME OF QUTFLOW,
S5A]1 (ZONE « LAYFR}I=SA2 (LAYER} +DELN(LAYER)
CONTTNUE
RFTURN
END
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SUBRFOUTTHE SUMEY (BAMOWBFGR] «BFGSE CHO v CNaEMOsETMDFTYR«FYRsMN,
T1OFSTMO+ONSTMO «RAMO G RLUNMO s SUMO s TRANAWOFST s YEARL Y s ZBAM s ZCM e ZOFST
PEZPEMY

COMMON 21010} s ACRES«AWC [d e 41 +BOL«AVR Sl v Y s CASO {4 s COPT (4} o CHI M
ICHACON]L «CONPLCROPSIZa]0) «CRPVD (10) o V0L (4vs] oD1 {4 4DATLY «DAMOCLIRY
2DELF «DELETANELF (4) «DELP (300} vDFLG {4 ) «DELAZ (4} «DELT {001 «OELTFADET»
ZDPECG)I sDROIAY wE o EL 4w 2) wFPufTER (10 vETL{492) yFL (41 wFIL {41 +GA04a)
GEAT (L0 +GT(I0) 4 GIGI10aS2)» [AEGIDALY s THYDs JOVERIPRINSIREADIPOT A

COMMON ITAOF W ITIL«IYDAY«IYReIYRTI v JUL IS0 oKCUL(I0« 10 +sKDATE (LD 00
TKND{I0) o KONT M4} o MDY (S s MHRIS) sMINISH aMLIST MU (5) yMSTORSMYR(S) &
PHCHFK ANE s NKPOP 3y NS TaNUML o NUM7 cNWEEK 4 OLDST (0« OVA (6] 4 OVL 4]

JPAGE «PANIS?) W PCAS T4 hPCKROP {4 10) aPTZONTH sPEAKWPRECTIP 201 [444) 4
LALY(Ga4Y»QMAX {445 4001 {2) +QOPK (4} sQ7 [4) +RISRDELT«ROOTD(10}

COMMON RUNON{S)Y e SA1 {4463 ¢SCH {444} «SDROIA) s SEL{42) v SETL (4421 +5R10
ISGRIGHASLIG) o SMAX (404 ) +SOTLD (4 «SOL G4 ySRUNON (4] « SUBFUTIS) «
PSUMFT LA} o SHMON {4 s TEMP ISP« TIMIS s TIMESTLII0) « TOPD{&) s TP« TLL1D)
AVDEG) s VDMAY (4] W VEG{O aNOL» ZGT (A4 v ZOME«WRP L {4 s WPPP (4]

DIMENSION RAM{12)«BAMO{1P)sEM{12)+EMDILZ) «ETM{12)+FTMO{12Y 4
1I0IM L) s OFSTMEI2) aOFSTMOL 12 «ONSTMI1Z2Y 4 DNSTMNI1 21 A PAMII P «RPAMO{] 2)
ZyRUNMILIZ2) wRUNMOC(I2) aSUMIIZ) #SUMOIL2) +ZRTG+ 12 o ZRAM (44121 +ZC (44120
AZCM 412197014121« 7OFET 144121 o 7P {44121 v ZPEM 4412

INTFGER ZONF

RFEAL M

BATA IDUM/S & = PH 4

THIS RAOUTINF PRINTS AMNUAL OUTPUT,.

WRITE[IPRIMAL)IYR
1 FORMAT(V'GTHF FOLLOWING IS A MOWTHLY SUMMARY OF WATER YIFLDS 19v.12
Tt o ta /P07, TRATN+ "2 32X "RFTURN FLOWY /' MONTH MELT £T
2 EVhP RUNDFF ONSITE QFFSTITF GRY}

CRLCULATE MAOMTHLY WATERSHED SURFACE

TNCHFS OF:

AAM SURSURFACF INFLOW TO THE WEIR.

M DIRECT EVAPDRATION FROM THE SOIL
FREE wATER SURFACE.
FYAPOTRAMSPIRATION FROM PLANTS.
PREIMFALL.
SHM OF CHANNEL AND SURSURFACE FLOM,
NEFEP PERCOLATION LNSS,.

ETH
PAM
PLINM
SUM

oo nOnan

RUNM{Y ) =RIINMO LT
EM{1)=EMOL T
RAM[ILI=RAMNL])
ETMI1I=ET™(]]
SUMIETI=SUMN(L)
BAMLI1)=BaAMML]]
OFSTMITI=0FSTMD{1)
QNSTUMLT)=ONSTMN{1)
Do 110 ME=2.12
FMIMYY=FMOA MYl =FMN{MY=11
RUNM  TMX) =RIINM{O IMX )} =RUNMN (MX=1}
ETH (MX)=2ETMO (MX) =ETHD (MX=1)
BAMIMY} =BAMD {MY] ~BAMO{NYK=])
OFSTUMIMX)=OFSTMRIMX) =0F STMO (MX=])
ONSTMIMX ) =ONSTHD (MX) ~ONSTMO (MX-])
RaW [MX1=PAMDIMEI—RAMDIME-1)

110 SHM (MX)SSHMO MY ) =S MD (MX =1}

HRITE WATERSHEDN MONTHLY SUMMARY.

D} 120 MX=M]ST 4 MN
120 WRITE{IPRINGPIMXyRAMIME) JETMIMX) yEM(MX) «RUNM EMX 1 s ONSTHM (MY ] 4

TOFSTMIMX ) s SUMEMN)

WRITE(IPRTNAIRAMOLIMNY «FTHO{MN) oEMO (M) o RUNMO (M) » ONSTMO (MM} 4

10FSTMO (MM Y o XM (RN)

FORMAT (Y 1,5 .7F9,7)

FORMAT (Y TNTALY«TF9, 3

WRITE (TPRING&) [INUMIZONF) +70NF . ZOMNE=1.NUMZ)

FORMAT{ P11 o RX & {AP 6 X P 7OMNEY 4[24 15X )

WRITELIPRINGIGY (TRIMIK)K=] 4 NJUZ)

FORMAT (' Dt (824 11X« "RETURH FLOW t)

WRITE(TPRIMSR) (IDUMIK] ¢K=14NLUMZ)

FORMET (10 MO*a&{A2+2XaFA0 DNSTTF OFFSTTE GR )
CALCULATF MONTHLY 7ONF SURFACE INCHES
OF
7= SURSYARFALF FLOW.
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IC= DFFP PERCOLATION LOSS,
ZP= OVERLAMA FiLOw,
DO IS0 ZOMF= 1.WUMZ
ZC{ZONE SMISTI=ZCHM{ZONE «M]ST!
ZP{70ONE yMISTI=ZPEMIZONF 4 M1ST}
ZR{ZOMNE yMISTIS7RAMIZONE L,MIST)
ZO{ZOME «M1ST=70FST {ZONF +M1ST)
IF {MN=MISTI1IS0+150130
MYX=M1ST+]
DO 40 MI=MY,MN
ZP{7OME <M1 =7PFM(ZONEJMT} —Z2PFM (Z7ONE . MI-1)
IR {70NE MTI=7BAM{ZONE MT ) =ZRAM(ZONE  MI-1
ZOLZONE«MI=7OFST{ZONF 4 MT}=-ZOFSTIZONE«MI=1)
160 ZCLZONE+MIY =708 {2CHE«MT)I=ZCH (ZOME.MI-1}
150 CONTINUE
WRITE ZONE MONTHLY SUMMARY,
DO 160 ME=MIGT«MN
160 WRITE(IPRINGAYYMX 4 (ZP (ZONE+MX) 4 ZARIZONE s MY ) « ZO{ZONE s MY} 2 Z0{ZNNEMX) o
1ZONF=1NUMT }
6 FORMAT (IS edal 1XeFB.r sl X aFhealXaFb.2+1X4FE,P020))
WRITE{IPRINGTI (ZPEMIZONE + MM} « ZRAAM(ZONE «MNY « ZO0F ST {ZOMNE « MN) o ZCM { 7ONE
TN s ZONE=1mUMZ)
7T FORMATIVOTOTALT eFH .2 AF T 2425 A{GF T, 2425}
WRITEL{TPRTM.A)
& FORMAT (*OTHF FOLLOWING ARE SA vALUFS IN INCHES 4T THE TIME THE ABO
1VE SUMMARY wWasS PRINTED:t)
WQITE THE STGRAGE AVAILARLF IN ZONF SUR-~
FACE TNECHFES FOF THE SOIL LAYERS.
D0 170 7ONF=1.NUMZ
170 WRITE(IPRINMOIFOME« {SA1{70NE+LAYER) JLAYER=1 NUML}
G FORMATIY 7ONF=t.15+4F1N.4)
WRITE RESTART ANTECFDENT SOIL HOISTURF
SEACENTS AND WATFRSHED SURFACE INCHES PER
HOUR FOR THE RATE OF INITIAL FLOW, THESE
VALLES WILL GIVE STARTIMG VALUFS Ik CASE
THERE 15 A FAILURE IN THE MIDDLE OF A
LOMG PUN. THF VALDFES ARF FOR DEC. 31 AT
2400 NF THFE YFAR BFING SUMMARIZED OR FOR
THE LAST IMPUT RAINFALL OBSERVATION DAYE
AND TTME,
RATF=R1
DO 180 ZONF=1 «NUMZ
180 RATF=RATE+N7 (ZONF ) ePCZON[ZONE}
WRITF{IPRIN.1D)
10 FORMAT(T0 /7t THE FOLLOWING ARE RF-START VALUES 7O APPROXIMATE waT
1IERSHED COMRITIONS AT THE TIME THE ARDVE SUMMARY WAS PRINTEN:*)
WRITE{IPRIN,111PATE
11 FORMAT (D INTTIAL STRFAM FLAO=1.F10.9)
WRITE{IPRIN.12}
12 FORMAT (SX .4 70NE % AGMI] G ASHZY)
CALCULATE AND PRINT THE TOTAL RALANCE
FIGURF, THIS NUMBER SHOULN BE CLOSE TO
ZEROT  LARGE VALUES INDICATE PROGRAM RUGS
GR RAD IMPUT. NORMALLY THF FIGURE IS
LESS THAN 0.1,
Evii=0.
EQL=0a.
ENDSA=O.
VNSTGR=0.0
DG 199 70ME=] +NUMZ
EVD=EVD« VR (7ONFI *RPOTON{ZONE}
EQL=EOL +D3 (ZONFI#PLCFON(7ONEY
Al {SMAXIZOANE + 11 =SAL{ZONEL L1} /TAPREPONF 21NN,
A= {SMAX [ FONE o 21 =SATITOMF 21 A {SOTLDIZOMNE ) ~TOPR (ZONFY #1100,
ARTTELIPRING]IIIZONF W X127
FORMAT (4K aTSSX 4P IFj0.3eRX}}
DO 190 LAYFO=1.NIIML
ENDSA=FNDSA+SAT{ZONF<LAYFR) ePCZONIZNNE])
VDSTG=EVR=-2YD
OLSTG=FOL ~R0L
DLTSA=REGSA-FNDSA
CRTR=CHR (DI =RFGRL}
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BAL=TRAN=ETYR=YEBRLY-EYR=DLTSA-UN-CSTG-VRSTG~OLSTG-WOFST
BEGSAZENDSE
BVR=EVD
BOL=EOL
BFGR1=R1
WRITELIPRINJI4IRAL

14 FORMAT (1 Palwn - ET -  RUNQFF = £ - CN - SOtL
1 =~ CHANNEL = DFPRESSIONS-0OVERLAMD=QOFFSITE =1,F8,.3}
WRITE{IPRINGIAI TRANCGETYRWYEARLY «EYRCNWDLTSAWESTGsVNSTHROLSTG
1A WOFST

16 FORMAT(10F1N,3)
RETURN
END

or U.5. GOVEANMENT PRINTING OFFICE: 1975 0—576-452
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