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CEARTER 1 INTRCLCUCTICR

Wheat is one of the most important crop products in western
Kansas. But, low and unfavorable distribution of fprecipitation,
extended drought pericds, and excessive evaporation have always
been limiting factors of wheat prcduction. Irrigation on this
area is impractical, because the majcr water resource comes fron
underground. Due to low rainfall, and tight overburden material,
{ Bouver, 1978 ) however, soils hcld mnost rainfall in the
rocting zone ¢f npative grasses and adapted crops, the natural
recharge of the aguifer is restricted. Thus, irrigation from
groundwater will accelerate the grcundwater crisis and result in

water-table level declining and grcoundwater depletion.

One positive method to improve crcp production in Kansas is
to make more efficient use of the precipitation that is
received. Fallcwing of 1land in western Kansas 1is a proven
technigue to increase soil moisture for subsequent crops. The
typical fallcw rpericd is 15 mcnths and, currently, about 30
percent of the preciritation that falls during the fallow period
is stored in the rooting zone for suksequent use. However, this
amcunt of water is not encugh tc result in significant
greundwater recharge, because the amount of scoil water stored is
only about 16 cm per year. Now, one developed idea is that if we
lengthen the fallcw period from 15 months to 27 months, which is
the so—called WHEARI-DOUBLE FALICW, more water would be available

to increase soil wmoisture. It could greatly increase the
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probability of exceeding the mcisture holding capacity of soil
irn the rooting zone and drainage of water helow the rooting zone
and ultimately +tc the underlyimng aquifer under this condition

would be possitle.

Since the stcred soil moisture gererally adds increments of
water that contribute to grain productiom, the value of such
water is important. Tata from Akron, Colorado [ Koelliker, 1976
(adapted from Mickelson et al. 1974) ] show that akout 225 mm of
total available water ( water stored in soil at <cseeding time +
growing season fprecipitation - runcoff ) is needed Lefore any
grain is produced by wheat. Each additional 25 mm up to a total
of 600 mm increases grain yield ty atout 2¢60 kgrsha ( 4 busac ).
In an area where wheat yield on wheat-fallow average 2000 kg/ha
every cther year, increasing availabkle soil moisture Ly 95 am
with another year fallow could result in equal grain yield over
the long-term by wheat-double fallow. That is to say practicing
doubl fallcw may nct decrease the gross wheat production, kut it

could greatly increase the groundwater recharge potential.

The purposes c¢f this study are to: 1) verify the concept of
doukle fallow thrcugh a field experiment to determine the fallow
efficiency and whether movement of soil water kelow rocting zone
would result. The field experiment was conducted in Colty
Branch Experiment station. The so0il prcfile up to 4.5 m (15 £t)
in depth was observed in this experiment. 2) design a computer
model to simulate so0il moisture storade and movement. A newly

presented method to calculate unsaturated ccnductivities from
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deszorption data by L. R. Sinclair ( 1981 ) was adapted in this
study. and 3) design and modify a ccntinuous water budget model
to simulate conditioms during wheat-dcouble fallow and use this
model tc assess the grcundwater recharge potential. TIwo sets of
computer programs were designed. Cne is called short-term model
which simulated the period from Aug. 1979 te¢ Aug. 1981. We
used this program ard field data +tc calibrate the model. The
other one is the long-term model, which is tased on the

calibrated short-term model and is a rTefined editicn of

Neibling's Continucus Water Budget Model ( Neibling, 1976 ).

While the results of the model will not be a rositive proof
of success or failure of this proposed system, they will provide
impertant indicaticns ¢f how such a system might perform under
varying weather conditions not experienced during the 27-month
period of the field experiment. Model results can also be
helpful in evaluvating the potential at other locations in

western Kansas.



CHAPTER 2 CONTINUOUS WATER BUDGET MODEL

FOR WESTEEN EANSAS

In this study, a continuous water budget model, which was
developed Ly Neikling din 1976, is applied. Several necessary
modifications have Leen made +tc meet the wheat-double fallow

conditions. But the lrasic frame is the same.

( 1) Hater Budget Systenm

This model is a continucus watershed model with interflow
assumed to be negligible and streamflcw not calculated. Figure 1
will simply descrike the water Lkudget system considered in this

mocdel.

Precipitation is the major input of the system. Snowmelt is
alsc considered as ar input when winter conditicn applied. The
output of the system will be Actual Evapotranspiration ( AET ),
Interception, Runoff, snowpack and Deep Percclation.
Infiltraticn is defined as intercepticn, runoff and snowpack
suktracted from total 4input water, which will infiltrate from
the earth's surface into soil layers. Sixteen soil layers will
be considerd in the model, and from Figure 1, the EXTRA frcm the

fifteenth layer will be treated as deer percolaticn.
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{ 2 ) Hydrologic Components

The remainder of this chapter is tc review the basic theory
and principles inccrrorated in each ccmponent of the hydrologic

cycle being considered in the model.

1. Evapctramsgiraticn

Transpiraticn is the loss of water from +the stomatal
openings in the leaves of plants. When evaluating water loss
frcm a vegetated surface, it is always impossible to separate
transpiration and soil evaporation. These two Rmechanisms are
comrbined and called evapctransgpiration, being synonmous with the

term ccnsumptive use in agronomy.

When a vetgetated surface dis losing water tc the
atmosphere at a rate unlimited by socurce of water supply, it is
called potential evapotranspiration { FET ). If the supply water
is limited, actual evapotranspiration may ke 1less than the

potential.

several acceptable methods of computing rotential and
actual evapctranspiration have been developed and used. The
Penman method is one of the wmost commonly used methods. Penman
developed his mathematical €Xpression Fredicting
evapotransgiraticn frcm a vegetative ccver by using +the energy
balance and mass transfer theory. The mathematical formula,
kncwn as the Penman ccmbination method, was calilkrated by Bean

(1€75) and presented as
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where
PET

Ta

Ra
PSONS

ES

c, d

ERED

®VD

In most studies,
be constant of © = 0.05,

is obtained.

to 0.2E.

aprroximately Dby

Koelliker

caliktrated to

several runs of the model., The ¢ and da

The gecgrafphic comnstants cf

0.03S 7a0.637 [ (1-r) Ra ( 0.22 + 0.54 PSUNS ) -

2.010 x 10-% T4 ( 0.98 — ¢ — A(ES x RHD )0.5) x
( 6.1 + C.9 PSUNS ) ] + ( 1 - 0.039 Ta0-637 ) x

0.2¢6 (e + 0.01 WVD ) ( ES - ES x RHD ) (N

potential evarpotranspiration, in inches

mean daily air temperature, in degree Fahrenheit
mean daily temperature, in degree K

reflectance coefficient ( albedo )

solar radiation, in mm of water

percent sunshine, in percent

saturaticn vapor pressure cf a water surface

at the Ta, in mb

empirical coefficient, which can vary
gecgraphically. ( Bruat ¢ and 4 )
relative humidity, in percent

vind run in miles/day

mass transfer coefficient

the albedo of water surface is assumed to
from which PFT from free-water surface

while the albedo for green crope varies from 0. 20

¢ and 4 can be determined

using Figqure 2 as explained Ly Zovne and

1978 j, and then <can Ybe further refined amnd

reflect the actual case at a location by making

values are changed
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9
slightly wuntil long-term average EET eguals average lake

evaporation.

Tte actual evapctranspiration rate 4is governed by climate,
vegetation, and so0il factors. When noisture ccnditions in soil
are suitable, the actual rate of evapotranspiraticn is equal to
the potential for either bare scil or vegetated scil. The most
common method +to estimate actual evapotranspiraticn is through
the calculation of FET. If there is enough water in the scil,
the +two cases are equal. Otherwise, the ©potential rate is
modified according to the amount of water in the so0il as

following relaticnshig,

AET = PET x £ ( AW / AWC ) (2)

where

f=h
i

a certain function
RET = actual evapotranspiration
PET = rotential evapotranspiration
AW = the available so0il moisture
{ s0il mcisture content - EWP ) x root profile depth

AWC = availalle water capacity

il

( field capacity - PWHP ) X root profile derth

rermanent wilting pecint

EP

The available =<=o0il moisture at any time is the amount of
water held at a @moisture content abcve the permanent wilting
point. The availakle water capacity is defined as the difference

between field caracity and permanent wilting peint.
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The actual rate of evapotranspiration fcr either bare or
vegetated soil is affected by soil and crop type. ZEvaporation
from bare soil differs in two stages. Stage 1 { constant rate
stage ) evaporation occurs when the scil is sufficiently wet to
readily transport water to the so0il surface. To estimate the
Stage 1 evaporaticn, Equation 1 4is used for the bare soil
condition with 1 equal to 0.20. In Stage 2 evaporation the
hydraulic properties of the so0il begin to lirit +the rate of
water transfer tc the surface, causing a decrease from the
constant rate stage. Ritchie ( 1972 ) and Kanemasu ( 1975 )

calculate Stage 2 evaporaticn by

E2 = 25.4 x [ ct®-5 - c(t - 1)¢e-5 ] (3)
where

EZ = Stage 2 evaporation from bare soil surface, mn

¢ = s0il dependent coefficient, mm/day®-s

t = time since the beginning of Stage 2 evaporaticn, day

The value cf Stage 2 threshold {( U ) and of ¢ were obtained
frcm Ritchie ( 1972 ) and field experiments at Manhattan,

Kansas, by Kanemasu ( 1975 ).

Reduction c¢f Stage 1 and 2 evaporation Ly a developing

cancpy is calculated by the use of Equation 4

Ec = Ei (t s/ a) (4)

where

Fc = s0il evaporation corrected fcr cancry effects
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i = original uncorrected soil evaporation fcr
i=1{ Stage 1 ) and 1 = 2 { Stage 2 )
t = a constant, indicating canopy effect
= EXP (- 0.398 x LAI )
a = a calibration constant
IAI = leaf area index

The rate of evarotranspiration of a crop is dependent upon
atmospheric, plant, and soil factors. The atmostheric factors
are inccrpcrated in computationm of FET by the Fenman methcd. A
plant consumptive use factor, Xk, Dby Elaney-Criddle method is
applied to the modification of PET in accounting for a plant

factor.

If a vegetated soil surface is considered, Equation 5 is

used tc calculate evapctransrpiration,

AET = PET x k x AW/0.3 AWC (5)

vhere
AET, PET, AW and AWC are previcusly defined,

k = crop consumptive use coefficient

When the available soil moisture is greater thanm thirty
percent of the maximum available soil moisture,
evapotranspiration will occur at the maximum rate of the product
of PET and c¢rop consumptive use factor, k. When the soil
moisture falls below thirty fercent c¢f the maximum available
s0il moisture, the BET decreases linearly from the maxinum rate

to zerao at the permanent wilting point. The crop coefficients,
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Xk, in Eguation 5 can be determined ty Blaney-Criddle method
described in SCS, Technical Release No. 21. #hen the secil lies

fallow, or during the dormant season, the k is zerc.

Z. Snow

The purpose of snow model is to determine the amount of
sncwmelt and sncowrack formed. The criteria for formation of
snowpack is that precipitation events occurring on days having
an average termgperature T < 00C are accunulated as water

equivalence of snovw.

Snowmelt consists of two parts: sncwmelt due to atmospheric
conditions and snoumelt due to rainfall. Snowmelt due to

atmosphere conditions can be estimated Ly Equation €.

M= 2.4 x C ( Ta - Thb ) (6)

where
M = snowmelt, in cm
Tt = base temperature, degree Fahrenheit
Ta = mean daily atmospheric temperature, degree Fahrenheit

C = degree-day coefficient

Snowmelt due to rainfall can be estimate by Equaticn 7.

MR = 2.54 x (1 / 144 ) (P ) {( Ta - 20 ) (7)

Wwhere

MR = snow melted by rainfall, cu
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P = amount c¢f rainfall, inches
Ta = mean daily temperature, degree Fahrenheit
3. Runoff

Surface runoff is calculated Lty the method develogped by the

U. S. Scil Conservaticn Service ( SCS ).

0= {(P-0.25)2/ ( P+ 0.85) (8)

where
¢ = surface ruroff, in cm
P = precipitation, in cm
S = potential raximum difference letween

precipitation and runcff, in cm

The initial abstraction, 1IA, consists of interception,

infiltration, and surface detention. The empirical relationship

is :
IA = 0.2S (9)
The unknown parameter S must be established from the soil-
cover complex, which relates antecedent moisture conditions,

hydrologic soil grcugs, land use, and conservation practices.
For those soil-cover properties, the curve numker CN is obtained
from Table 1 for Antecedent Moisture Conditiom II ( AMC II ).
The maximum potential difference, S, can ke evaluated by the

equaticn,
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TABLE 1 S5CS RUNOFF CURVE NUMEERS FOER AMC 1II

SOIL CLASS ECW CROPS ALFALFA WHEAT PASTURE FALLGW
1 8¢ 83 84 80 84
2 8¢€ 83 84 80 84
3 82 83 81 74 78
4 82 83 €1 74 78
£ 18 €9 13 €1 €9
6 7€ €9 73 €1 €9
¥ 15 €9 73 61 €9
8 15 69 73 €1 69
g 1% £9 73 €1 €9

10 75 69 13 61 69
11 74 €9 13 €1 €9
12 65 &5 €1 39 61

o i i iy e i S S s D ey P S A Sl S . ot i o — A — . . W L ———— s S —— . -

AMC II - During the growing seascn, scil moisture in the top
1 £t is fretween 0.5 and 0.6 of field capacity, or
for +the ncn-growing season, 0.6 to 0.9 of field
capacity ( FC ).

AMC 1 - Occurs when soil moiture less than 0.5 (0.6) FC.

AMC III- Occurs when soil moisture greater tham 0.8 (0.9) FEC.
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S = 2.54 x { 1000 / CN - 10 ) (10)

where

192]
Il

maximum pctential difference, in cm

CN = runcff curve number ( AMC II )

Thte input CN is based on antecedent moisture condition two.
The CK is modified for other moisture conditions as fcllow :
For AMC I,
CNi = CN x C.39 x EXP (0.009 x CN) (11)
For AMC IITI,

Chiii = CK x 1.95 x EXP (-0.00663 x CN) {(12)

4. Interception

Interception-stcrage losses are defined here as the amocunt
of precipitation that is evaporated Lkack to the atmosphere from

the surface of plant leaves and/or surface storage.

an effective approach for cosputer simulation of +these
losses involves fixing an interception-storage capacity ( Saxton
et al. 1974, Ward 1675 ), which must le satisfied before water
frem precipitation or snowmelt is available for infiltration or

runoff.

Interception-stcrage losses are evaluated and assumed to ke
lost by evaporation at the potential rate. If no precirpitation

cccurs the previcus day, or if all previous interception losses
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have been evaporated, these losses are assumed to be 2.5 mm for
rainfall amounts exceeding 2.5 mm and equal to precipitaticn for
lesser amcunts (Anderscn 1975, Saxten et al, 1974) . If
precipitation accurs the previous day, or if any wvater is
present in the interception-storage account, available
intercepticn-storage is first reduced by this amount tefore

being deducted frcm precipitation.

5. Infiltration and Soil Moisture Mcvement

Any rainfall or snowmelt not lost by runoff or
interception-storage is assumed to enter the so0il profile as
infiltration, filling +the top 15 c¢cm to field capacity. Any
retaining moisture moves downward, filling each succeeding
layer to field caracity until all the moisture available for
increasing soil moisture is depleted. Any moisture passing fronm
the 3.9 - 4.2 n layer to the 4.2 - 4.5 m layer is assumed to ke
ultimately used for groundwater recharge. Similar aprroaches
were used by Saxton (1974) and Heikling (197€). The only
difference was that they assumed moisture passing from 152 - 183

cn layer tec the 183 - 213 cm layer as the ¢groundwater recharge.

The so0il mpoisture-unsaturated hydraulic conductivity
relationships wused in Neibling's mcdel were oktained using
Doering's One-Ster Methaod. In this model, houwever, a methcd
presented by L. R. Sinclair (1981) which derives conductivities
from desorption data is used. Further description cf this methcd

will te presented in Chagter 3.
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Potential groundwater recharge is calculated as the sum of
recharge due to water entering the 4.2 - 4.5 m (14 -15 £t) layer
frcm heavy rainfall and the mcvement cof water acrcss the 4.2 n
(14 £t) derth, downward taken acs positive, as calculated by the
Darcy Equation. The 4.2 -4.5 m layer is allowed to seek its own
moisture level. This gives a realistic set of conditions for
moisture flow across the 4.2 m Lkcundary. Regative deep
percolation values indicate soil moisture movement upward across
the boundary frcm a roist #.2 - 4,5 m

layer to a drier 3.% - #.2 m (13 - 14 ft) layer.
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CHAPTER 3 CASE STULY IN CCIEY

The method used to achieve the goal of +this study is
simple. The procedures used can ke devided into twao catagories
3 ( 1) TField Experiment and { 2 ) Computer Model Simulation.
Several field plots were established tc experience double fallow
and three different tillage treatments were used on the field.
However, only one treatment, Chemical, WNo-till, 8K, was studied
in +this research. Herbicides were applied as necessary to
control all weeds. fThe initial amcunt c¢cf residue cn the surface
was 8,000 kgsha (5,000 kgsha of original + 3,000 kgsha of
additional baled straw). Field data included soil moisture
contents which were «collected 13 times during the 25-month
research period and amounts of residue remaining on the surface.
Soil =amples from the various layers were taken tc the
lakoratory for further information on Soil Temsicn - Moisture
Content relaticnships. By using these data and meteorological

data from the Colty Branch Experiment Station lccated 1 km ENE

of the flots, a continucus water kudget model was calibrated.
Two sets of computer runs were used. Cne, a shcrt-term model
which simulates the field experimental period, was calibrated

tased cn the field data. Then a long-term model, which is based
on the calibrated shcrt-term model, was developed. By using this

model, we may assess the recharge pcotential over a long tern.

{ 1) Field Experimert

1. Layout
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The field experiment was located at the Colby Eranch
Experiment Station, Colby, Kansas (390 23' ¥ Latitude, 1010 04!
Longitude) . The climate cf Colby is c¢f semi-arid. It has warn
sunmer and cold winter., The average annual temperature is about
28.6 90C, The average lake evaporaticn is 142.2 cm/year. The
average annual fprecipitation is 47.6 cm and wmcest precipitation
occurs during the growing seascn ({April - September). Field
plots were estatlished August, 1979, by Ir. Koelliker in
cooperation with pMr. PFreddie Lanmm, Research Engineer at the
Staticn. The fplots were on a Keith silt loam soil which had an
approximate 1 percent slope. The ©rplots were positioned so that
they would receive very little runoff from the surrounding area
and water would flow across the plots such that thkey all should
receive the same treatment. Plots vwere permanently staked with
no space left Letween the plots. The primary concern was soil
moisture measuresent, which was made only at the center of each
rlot, =so border effecis were not a factor. Eack plot was 17 m
wide and 2C m long. Six treatments, three tillage (Chemical no-
+i11, Stubble Mulch and Deep Chiesling) by twec residue (8,000
kgsha and 5,00C kgsha), vwere randomized within three blocks to
minimize biases due to effects of field variaticn. Figure 3

shcus the layout of field experiment.

Zz. Data Ccllecticn

1) Soil Moisture Content

A neutrcn prohe (Campbell Pacific Nuclear model 503
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Hydroprobe) was used in the field +tc¢ measure the soil moisture
contents. Measurements were made at depth 0.3 B t¢ 4.5 m at 0.3
m intervals. Shield ccunts were recorded in the field, and then
the fcllowing formula was used to cktain the soil @moisture

content by volume.

SM = 0.28B54CR - 0.03834 {13)
where
SK = soil moisture content by volume
CR = count in the so0il shield count

2) Soil sampling

For each experimental =site, a so0il profile up to
4.5 m was chserved. Eight sample cores at different depths were
taken from this profile. The size of a sample core was 7.62 cnm
(3 in.) in length and 7.62 cm in diameter. In this model study,
the scil profile is divided into 16 layers, 15.24 cm (0.5 ft) in
depth each for the first two layers and 30.48 cm (1 £ft) in depth
for the sukseguent layvers. Table 2 indicates the correspcnding
soil cores used to represent the various scil layers. These
sanple cores were tested in the Laboratcry, Department cf Civil
Engineering, KSU, by Dianne Smith, Technician at the Department,
to provide the information on Field Capacity ( FC ), Permanent
Wilting Point ( EWF ) and Soil Tersion - Moisture Cantent
relaticnships. khen sogil tension equaled 1% Lars, the so0il
moisture measured was taken as EWP, and PC, when soil teunsion
egualed 1/3 bar.

J) Residue Data
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The amount of residue remaining on the field plots
was checked three times during the experimental period. 311
abcve-ground residue was harvested frcem 1 m fplots and dried.
The amount of dry residue in kg/ha was reported. These data
provided the information to calculate the Residue Ffficiency.
4) Metecrological Data
The meteorological data collected from Colby
Station { 25-1699-01 ) provided the necessary weather
information tc the computer model. The fcllowing daily
information was available from the Colby Station:
Temperature : Maximum and Minimum
Precipitation
Solar Radiation
Wet-bulb Tenperature, & an

Windrun

( 2 ) Model Calikraticn

1. Short-term Model

This is a simplified wmodel with only the fallow
cornditicn
considered in this model. Meteorolcgical data wused in this
model included : daily temperature (maximum and minimum), daily
precipitation, daily solar radiation, daily wind runs and mean
monthly solar radiation. The water fudget system was described
in Chapter 2. 1The &majcr modificaticns of this model from
Heibling's model were : {1) Routine for Doukle Fallow, Residue

Level Estimation (2) PET «calculaticn, and (3) Unsaturated
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Hydraulic Conductivity Estimaticn. Several minor modifications
are also made to meet the water budget balance requirements and
model calibration purpose, such as sncw and interception-storage
corection and runcff calibration. The calibration results will

be presented in Chapter 4.

1) Routine for Double Fallow, Residue Level Estimation

To create a routine fcr double fallow, the major part
wWas to calculate the residue efficiency. This was accomplished
by using the field residue data. Twc residue decay stages were
observed in the field and the residue was assumed to decrease
linearly over each stage. Figqure 4 shows the residue decay
patterns. The origipal residue rate arplied was akout 8K (8,000
kgs/ha) , and 1K is assumed at the end of fallow period. The field
observations provided +the information to determine the residue

decay pattern.

Figure 5 shows the relationship between BResidue Level
and Stage 1 Evapcration Efficiency, which was derived based on
the fiqure presented by Bond and %illis (19€9). Then combined
with Figure 4, the residue efficiencies for the tuwc residue-
level decay stages <c¢an be obtained. For the first stage (from
wheat harvest tc 3¢é5th day of fallow), the residual efficiency

was estimated by Equation 14,

REFF = (( 365 - FADY ) /365 ) x 0.02 + Q.79 (1)

For the second stage, the residual effiency was estimated by

Egquaticn 1%,
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REFF = (( 8C2 - FDAY ) 802 ) x 0.55 + 0.24 {15)

where

REFF residual efficiency

EDAY

nunkter of days since fallcw began

Z) PET Calculaticon

Because daily observed metecrological data were used
instead of using the mean monthly data, and daily sclar
radiaticn values were used dinstead o¢f mean @monthly percent
sunshine, another form of Penman ccmbination eguation was
aprlied to f£it the different inputs. A wethod summarized by Shih

et al. (1981). meets the requirements.

BN =R x (1-R) - Bx ( 0.56 - 0.062 x ESA0.5 ) X
( 0.1 + 0.9 x 5) (16)
S = 1.818 x [ RS/RA(m) ] - 0.327 17
where
BN = daily calculated pet radiation in am water
RS = measured daily solar radiation
RA(m) = monthly average sclar radiation

R = reflection coefficient
E = Stefan-Boltzman constant

estimated ratio of actual duration of Ekright

tn
#

sunshine to maximum possible duration of bright

sunshire
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ESA = daily calculated actual vapor pressure (mbk)

Anschutz et al. (1979), however, focund good agreement
between potential evapctranspiration (PET) calculated wusing
monthly averages of percent sunshine, relative humidity and wind
speed as oppsed to FET calculated using actual daily values cf
these same variables when ccmparing PET over St-day periods. Due
to lack of availalble data, +this FET modification to use daily
data for all values could only Lke used in short-teim model. For
long-term model, the original egquations which used the mean
monthly meteorological data as input datawe were used. This

gives the model more flexibility and widespread aprlication.

3) Unsaturated Hydraulic Conductivity Estimation

Cne of the most difficult characteristics invclved in
modeling =0il water movement abcove the water table 1is to
determine the unsaturated hydraulic conductivity. Direct
measurements on undisturbed soil samples in the laboratory and
in situ measurements are ccostly and time consuming. A method,
which was developed by Sinclair (1981) fer calculating the
hydraulic conductivity ( K ) from descrption data, which are
mich easier to chtain, was adapted to provide K's for use in our
model. According to Sinclair, method gives excellent agreement
with measured unsaturated hydraulic conductivity. Based on our
calibration results (Figure 8), the method alsc proved to Le a

good method for this work.

The basic principles used to derive this method are

Poiseuille's Law and Darcy's Law. The theoretical derivaticn was
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well presented by Sirclair {1981) and vwas adapted in Appendix A.

The procedure for applying this methad to calculate
unsaturated K for each soil layer was also listed in Appendix A.
A FORTEAN rrogranm was designed tc carry out the procedure. The
required input infcrmaticn for each scil layer including : the
slope and 1intercert of the regressicnal curve derived through
the descrption data (Figure 6) , saturation soil moisture content

and residual saturation.

The program was listed in Appendix A-II. Fiqure 7 shows the
results frem this program. The relationshir Letween relative

conductivity and relative saturation was derived. Then by this

relaticnship and definiticn of Kr { Kr K/Ks, where K =

saturated hydraulic

unsaturated hydraulic conductivity and Ks
conductivity. In this study, Ks is assumed tc be constant, = 10
cmsday. ) and Sr ( Sz = SM/SAT, where SM = soil moisture content
and SAT = saturatior soil mcisture «content ), We can get the
relationship between unsaturateé conductivity and soil moisture

content.

2. long-term Mcdel

Long-term ©mnodel was <refined kased on the calitrated

short-term model. Criginally, there were four kinds of crop
rotaticns considered in the model, i.e. continuous grain
sorghum, continuocus wheat, grain scrghum-fallow and wheat-

fallow. This study added the fifth option, wheat-double fallow,

into this model.
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Because lenthening the fallow period was acssumed to have
no effect on crop canopy effect and rcot extraction patterns,
the original rccting zone extraction rpatterns and canopy effect
functions were used during +the crop growing seasomn. In this
long-term wheat dcuble fallow study, for each wheat-double
fallow period, the 190tk day (July 9) of the first year was
assumed to ke the first day (Septemker 14)of fallow and 257th
day of the third year was assumed to be the end of fallow. The
long-term model was listed in APPENDIX D and the summary of the

long-term run can be found in APPENLIX E.
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CEAPTER 4 RESUITS ANALYSIS

The results presented in this chapter are (1) Field Data of Soil
Moisture Content, ( 2 ) Model Calikraticn Results, { 3 ) Fallow
Efficiency Over the Experimental Pericd, ( 4 ) Fallow FEfficiency
over the Long Tern, { 5 ) Recharge Assessment Over the
Experimental Period, { 6 ) Recharge Assessment Qver the long

Term

( 1) Field Data of Soil Moisture Content

Neutron hydrcgrcbe, Campbell Pacific Huclear Model 503, was
used in the field to determine the soil moisture content. Shield
counts were recorded in the fieid. Scil moisture contents by

volume were calculated by the fcllcwing formula :

SM = 0.2854CR - 0.03834 (18)
where
SM = so0il mcisture content Ly volume
CR = shield cocunt

Three blccks ard six treatments were practiced in the
field, but only Treatment One is studied in this research. The
field data of scil mcisture of +treatment one is listed in Table

3. Field data of ctler treatments are listed in Arpendix E.

( 2 ) Model Calikratiom Results

Field data were used to calikrate the wodel and to check

the model's ability to fit the field data. Figure 8 presents the
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calibration results and shows good agreement ketween the field

data and values calculated by this model.

{ ) Fallow Efficierncy Over the Experimental Feriod

The measured soil moisture content to a depth of 4.5 m on
August 16, 1979 was treated as the original =o0il nmoisture
content. And the data cn September 11, 1981 is taken Lfor the

final =0il moisture content.

Criginal Tctal Soil Moisture content = €4.95 cn
Final Tctal Scil Moisture Content = 101.16 cm
Change 1In Soil Moisture Content = 36.21 cm
Total Precipitation During the FPeriod = 104.37 cm

Change in Scil Moisture

Fallow Xfficiency 100%

i
e

Total Erecipitaticn
= 34.7 %
Frcm the short-term conmputer mcdel,
Change In Soil Moisture Content = 34.97 cn

Fallow Efficiency = 33.5 %

Ccmpared with the experimental data, only 3 percent
difference between the field data and wmodel was fcund. This is

additicnal evidence that this model fits the field conditions.

( 4) Fallcw Efficiency Over the Long Term

Table 4 shows the fallow efficiencies over the lcng tern
(1920 tc 1¢78) . The first year (1920) was taken as wheat harvest

year.
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{ £ ) Recharge Assessment Over the Exrperimental Period

The amount of water stored below 2.5 m (the depth fron
which wheat prokalbly not remove it) was 10.4 cm (4.1 in.). For
the field experiment that water was Jjudged +to be potential

grcundwater recharge.
{ 6 ) Recharge Assessment Over the lLong term (1920 to 1978)

Scil water mncvement downward frcm 3.9 - 4.2 m layer to 4.2

- 4.5 m layer was ccnsidered as potential recharge groundwater.

Frcm the long-term mcdel,

1]

Total Ancunt of Recharge 251.43 cm

Average Amount of Recharge 4.2¢6 cm/year

= 1.€78 inchyyear

The results cf long-term runs are summarized in Appendix E.
The amount of deep percolation (pctential grcundwater recharge)

for each year during the simulation period can be found in the

Sunmary in Arpendix E.
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a%q
249

211
270
27
2T

101
Ra
337
339

130

339
334

384
1580
38
o

vq
340
399
35n

427
20
*22
dl

«37
w54
453
50

/1849 LLI21I9

0.237
.23
1.178
Ve 2td

2291
ds 426
Q. 12d
Qe 192

1. 155
Jellb
129
Je 1Jé

Ja l52

T+ 128
q.135

FIELD DATA : SOIL MOISTURE CONTENTS

Uadid
da 338
2.348
Q.333

Q.197
3. 190
Jal0d
JelB2

J.155
V.l26
Ja128
Ja 1386

D132
Q.l3s
2.229
Jallde

Teley
d.150
134
Jeai51

Jalad
Q.113
2ilat?
Jel8d

0.176
Qe 134
J.18d
Qe Lbd

J.lde
Qalad
Tale?
JaltS

J.lus
Jde 140
J.18%
U lode

JaalT
Uslls
Jaile
Ne 153

&/ 370

do.3ad
0.33%4
4377
0.348

Fe35l

dedll

7273
0,157
2.168
Q.22

Jei%8
Jal6Q
0.137
q.184

0.1619
Ja 1949
T.152
Jal6d

Q.11
q.171
2.173
Balli

D.182
LRk
7179
J.170

7.185
Je lba
JalT2
J.ib2

q.17%
9.i3%
Q..158
Ja133

1. 164
J.ild
Ta b
Jel=9

d..70
Na Ll
J. 188
Jale

F.403
Qalla
Je b4
Jaini

d.173
J. 103
J.138
d.134

Jaibld
Qe i34
3. 134
BeidS

71/

0.395
Ju3lw
U298
Je3/

J.319
C.2%3
d.3286
0.294

2.317
ve227
.28
Qalsd
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Q0.237
2.211
2.22A0

Ja22t
Jerw9
J. 138
Q.22%

V228
2.278
2. 154
J.19¢

0.204
Q.1l4l
Fe 145
0..78

J.239
Jelol
d.181
Jel 79

2.211
d.10%
J.1359
0.193

Jaids
J.036
Jai®
Jal®ld

J.la7
Jedas
R ERT-]
3..29

Jalsl
l. 134
2.113
Jel22Z

Talts
Uy Jaw
Jeid2
Qe.12T

Jaisd
J.047
Jel22
Ja123

J.183
2. 100
J.16%
Juldn

/LT 127 440

Q.86
C.152
I.314
G.3148

Ja30
Uud 4%
1. 3410
J.315

74215

J.221

Te d 16
J.212
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Q.223

Ja233
Qeivs
1297
G.2ll

Jedl2
0.iT1
Jeind
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DEFR N
d.133
N1}
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Qu L3a
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EFRLY
Juise

SelTh
J.1i3
J.1e8
Jaled

Gelal
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e 5%
Jeuad

Jais?
e iNS
T l=s
Jail9

Jalh?
J.ila
Jati2
JaldS

d.313
T 34
1289
0,114

04348
0.217
2.33%
3.320

Tadn2
Fedtl
Q275
3.2%94

G235
Qal%4
14829
d.236

deddt
Ue229
2.221
v.2148

Ja231
d.227
Ja2J3
Je220

Te2lH
Q207
1.229
d.213

Q. 249
PERN L]
d.216
Ja229

Je231
d.1739
2. lde
Jai0u

Jed18
Jd.isS7T
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J.idd

2.222
J. 123
Jelad
Yelll

d.2:14
Zeile
Jelb8
da 157

dad31
0.4l
Jeind
Jei5d

cdad

J.ld3
e llé
U.l34

Ja2dL
Jall2
Jeidl
J.i57
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L/le/l

J. 328
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Qu2B4%
J.3a7

V.335
Je270
24333
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J.323

REPEL

Je T
Ja279

3.227
dedd9
J.229
V.229

04249
Ja20a
2.217
Jalu9g
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1278
Jad ¥2
Je 239
Q.28
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Jeide

3/1e/l

Je 344
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Q.354
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J.357
Q.21

J.3d2
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Ga 240
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J.23%
9.231
Zeild

Q.29

1.219
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2. 19%
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J.242
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2493
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s l6S
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FALLOW PERIOD

TABLE 4

LONG-TEEM FALLOW EFFICIENCY

( FROM 1920 TIC 1978 )

FERECIPITATION

4e

CEANGE IN SM FALLOW EFFICIENCY

{ in cm )

{ in percent )

——— i — — i — o i - A " o T — . —— <~ — — —— o S o — ——— v —— " — i ————— —— —— —v— — -

JULY 1920 SEPF.
JULY 1923 SEP.
JULY 1926 SEEF.
JULY 1929 SEP.
JULY 1932 SEP.
JULY 1935 SEP.
JULY 1938 SEP.
JULY 1941 SEF.
JULY 1944 SEP.
JULY 1947 SEE.
JULY 195¢C SEP.
JULY 1953 SEP.
JULY 19%¢ SEP.
JULY 1959 SEE.
JULY 19¢€Z SEP.
JULY 1965 SEE.
JULY 19¢8 SEP.
JULY 1971 SEE.
JULY 1974 SEP.
JULY 1977 LEC.
TCTAL

1922
1625
1928
1931
1934
1937

1540

1961
1¢€4
1967
187¢C
1973
157¢

19781

1 incomplete cycle

116.12
94.49
106.89
118.73
69.93
71. 23
75.540
99. 91
103.5¢
124.25
103.40
81.42
132.84
115.18
87.50
89.00
100.28
103.87
92.58
55.44

1942.12

43.48
30.59
38.61
48,09
19. 91
18. 55
20.91
34. 05
40.32
43.98
37.09
23.94
52.38
44.18
29.79
32. 28
31. 43
37.82
34,22
21.43

683.32

37.75
32.37
J6.12
40.50
28.47
2€.04
27.70
34.08
38.93
3Z.40
35.87
29.40
39.43
38. 36
34.05
36.27
31. 34
3€.41
3€. 96
3B.H5

35.18
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CHAPTER 5 CONCLUSIONS ANL RECOMMENIATION

Conclusions

The major purpose of this research was to verify that the
practice of double fallow could greatly increacse the groundwater
recharge pctential. This purpose was achieved by conducting a
field experiment, calibrating a short-term water budget mcdel
with the field experiment, and running a long-term continuous
water budget model. From the results cf field experiments, 34.7
percent fallow efficiency was measured, 1i.e. 3u.7_ percent of
precipitation during the experimental fallow period was stored
in the soil layers. Comparing it with 30 rpercent fallcw
efficiency (tyrical value for wheat-fallow) about 16 percent
better storage efficiency over a 27-mcnth pericd was cbtained
when comparea to conventional fa Much of this dimprovement is
attributed to nc-tillage. Most of all, the results of the
experiment showed that so0il water 4id rove dcwn to 4.5 m which
is far below the rocting zone for wheat, and such water could
become potential recharge if the rractice Were «ccontinued. The
long-term model showed an average 35 percent fallcw efficiency
and an average of 4.2 ¢cmn  {1.7 in.). cf potential recharge per
year. The amount cf recharge, 4.3 cm per year, might not appear
to be very nmuch. ( Almost no potential rcharges occurs under
cropped fields that receive only the precipitation that falls on
them. ) Erphasis pust stress here, hcuwever, over a long term,

for instance, 50 years, which is a lcng peried for a man's life
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but only a sprot in the earth's history from the geological point
of view, the amcunt would be significant. Also, wheat-fallow is
extensively practiced in western Kansas. There's a large area
over Wwhich recharge could be increased. For instance, an
average potential recharge of 4.3 cm/year under one million ha
(2.47 million acres) would egual 349,917 ac-ft/vear. So, the
conclusion drawn fror this research : for better protection of
grcundwater resources in western Kansas, wheat-double fallow is

one of the feasiktle methods and should ke favorably considered.

Recommendations

In relaticn to further research, the fcllowing
recommendations are made:

1. The field experiment should be continued fecr at least 10
mcre months. Wheat should be planted on those plots which
were practicing double fallow. By doing this, some
evidence the effect of doukle fallow on wheat yield and
the depth tc which wheat rocts %ill remove water could
be obtained. Several cycles should be evaluated to provide
mere confidence in the results cf the whcle ccncept.

2. In this study, chemical mulch ( no-till, 8k ) is +the
fallowing practice used. In fact, many other improved
practices may be applied during the fallow period, such as
chieseling, etc. It could be valuable toc evaluate the
effect of different fallowing practices to determine which

cre wculd be the cptimum for rpotential recharge. Also,
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it would bLe valuable +to study several cycles closely
to better develop the computer model to sipulate these
effects.

A further part related to the subject of wheat-double
fallow shculd be an econcmic analysis. The gross crop
yields do not mean the same benefit to the farmers. Many
economic factors must be considered, such as the probable
crcp rrice variation during the fallow fericd, the extra
expenditure needed, for instance, 1larger storage may be
needed for the larger amcunt of yield in a single yvear, tax
rate, interest rate, 1labor etc.. This study is out o¢f the
scope of water resources, bhut it might ke the very part

which farmers wculd be most ccrncerned.
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APPENDIX A-I
THECRY AND PEOCELURE
OF
IMPROVED CONDUCTIVITY FROM LESORPTICN LCATA
THEORY

{ Adapted From Sinclaixr, 1981 )

The equation used to calculate unsaturated bhydraulic
conductivity from desorpticn data will be derived by equating
Poiseuille'’s law with Darcy's law. If Pciseuille's law is applied
to a tuke of general gecmetry, the solution is :

u=- (L2/a) VP R

where
u = averagqge velccity in the tube,
1 = some characteristic length in the tuke,
a = a constant which depends on the visccsity
of water, the choice c¢f the characteristic

length 1, and the geometry cf the pore,

Ve

H

the pressure gradient causing flow within

the tuke.
Darcy's law is commonly written
g=-RVE (22)

where
g = the specific discharge rete (the volume
of water flowing through a cross-secticnal

area of scil per unit time) ,
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K

Ve

Hydraulic conductivity

ie again the pressure gradient.

Although g and w both have the units ¢f velocity, they
cannot be equated since one is the arparent velocity of water
discharging frcm the cross sectiocnal area of a soil and the other
is the velocity of water within a flow tube in the soil. Figure
21 sheows a diagrar of a hypothetical cube of scil with water
flowing frcm left tc¢ right. If a veolume of water, Vv, flous
through the culke and out of the right face of the cube ir time, t

then tte Darcy velccity, q , is

g = (W/I) s 12 = ¢/A (A3)

where, A, is the cross sectional area of the right hand face.
Whereas, the average velocity in a flcw tube, u, is the length of
the £lcw tube, 1u, divided by the time it takes <for water to

travel across the soil cuke, tu, or

u = lu/tu (24}

¥ow, lets assume that there is cnly one pore discharging from the
right hand face in Figure A1 for time tu and has a cress

sectional area ¢f Aw. Then the volume of water discharged is

lu x Aw

l!

LAl

Vu/tu = 1lu x Aw / tu (A5)

(&
1]
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FIGURE Al. Schematic Diagram of A Flow Tube
Through A Volume of Soll
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Subtstituting Equation A4 into Equaticn A5 for lu gives

Q =u X AW (A 6)
and sulkstituting Equation A6 into Eguation A3 gives

g = u X Aw / 12 (A7)
Multiplying by i/1 and 1lu/lu gives

g =(uzx Aw X lux1) / (13 x 1lu) {1 8)

and noting that 13 = ¥, Aw x lu = the volume of water (Vw) in the
cute, and that multiplying rorosity, 6, (= V/Vv ) times

saturation (S = VusVv) gives Vw/V, we have

g=ux@ x Sx 1/1u {49)
substituting Eguations A1 and A2 into Equatiocn A9 gives

- kVe=- (1202a) xd x5x (1slu) xVp

Cancelling ‘7P frcs koth sides cf the two equations and defining

tortuosity T as lus/l we have
K= (l2x Sx¢) / {(axT) (A10)

Burdine (1953) <fcund that the tortuosity varies with saturation,

Se

I

T1/Se2 (A11)

where

Se= (S-Sr) ,/{(1-5r), effective saturation
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St residual saturation

1}

Tl = tortuosity at saturation, which is cconstant

for a given soil.

Substituting Equation A11 intc A10 and defining a new

constant
D=azxTl / ¢ gives
K= (L& x £ % ez ) /D {2 12)

For a bundle of tubes with different sizes and geametry, the
value 12 should bhe replaced with the average value of L2 or,
using probability terms, the expected value o¢f 12, {E(12)),

sonetimes denoted <LZ>.

DETERMINATIN OF <L2>

The derivaticn cf Equation A12 was general so that the choice
of the characteristic length 1 can be scmewhat arbitrary. It is
convenient to set I egual to the radius of curvature (R) across
the air water interface within the so0il since this can Le related

to the suction in the soil, P, ty

=
il

2 x g X Ccs(a) / Pc (A13)

where
U = surface tension of water (72.7 dynesy/cm2, 200C)
A = ccntact angle between water and soil,
Pc =P/(4d % g )
d = density of water ( 1 gm/cm3 )

g = acceleration c¢f gravity (981 cm/sec?2)
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P = suction in s=o0il in dynes/cn2?

Probability theory states that the expected value cof R2 can

be determnined frcx

En

<R2>n =f R2F (R) 4R (A14)
Ra

as long as F(R) i=s a probability density function over the

interval Ra < & < Eb. F(R) is defined as a probability density

function if F(R) is integrable, non-negative and

RL
f F(R) 4K = 1
Ra

Such a function camn ke constructed from a desorption curve for a
soil, It can be shcwn that the number of fpores N of radius R

which desaturate tc cause a change in saturation, 4S, is
N = (C/K®) [ {dsyd(1/Ec) ] {R15)

wvhere the constant C depends cn the fcre gecnetry, the surface

tension of water (g ), and the contact angle ( A ).

Since flow is governed by the pores that contain water, vwe
are interested in the number of pores which contain water rather
than tle number c¢f pcres of a given radius (D'Eollander, 1979).
We therefore choose a function which reflects the number of pores

contairing water cr

F(R) = )N = ) (C/R2)[dS/d(1/Pc) ] (A1€)
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Equaticn A16 defines a cummulative pore size distribution

function fer a scil.

This function will be a probakility density function if we
divide it by the area under the curve over the interval of R.

Then,

En Rb
<R2> = jr [REF(R)/Jf F(R) 4R 1dE {(A17)
Ra Ra

Bn EEk
f fF(R)/[ F(R)dRJ}AR = 1
Fa ka

Ncte that +the constant C in Equation A1€ can come outside
the integral in Equatiorn A17 and cancels. Therefore, Eq uation
4217 holds for any pore geometry withir a scil. It =hould be
noted that the ccnstant D in Egquatiocn 212 has not teen evaluated.
Since it would be very difficult to determine this constant, the
use of Equation 212 pust be restricted in practice to determining

relative permeabilities {Kr) where

KT K x D/ (KEs x D) (A18)

where
K= = Saturated conductivity
K = Unsaturated conductivity
calculated from equaticn A12

L = Constant

Notice that the constant I now cancels in Equation A18.
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PROCEDURE

The prccedure for applying this method to calculate

unsaturated K for each soil layer fcllows. A ccmputer grcgram

have been designed tc¢ carry out follcwing steps. And Tabkle A1 is

a sample output of this program.

1-

1.8

171}

A regressional curve is derived through the desorption
data as shown iv Figure 6. (Chapter 3, p. 30)

Small intervals are chosen along the curve and the value of
scil temsion (P ) and relative saturaticn ( S ) are
takulated as shcwn in Table A1.

Starting at the highest E, calculating the radius of the
air water interface ( R ) using Eguation A13. ( Column 3 in
Takle A1 )

Calculate the average radius fcr each interval. ( s shown
in Colump & in Takle A1 )

Calculate the number of pores for each interval using
Equation A15. C can be any value since it will be cancelled
later. This is shown in Columm £ in Table a1l.

Calculate prchbability density function F{R) Ly accumulating
tke number c¢f pcres as shown in Colunn 6 Takle At.

Multiply ¥ ( Colummn 3 ) by F(R) ( Column € ) as shown in
Cclumn 7.

Deternmine the area under each increment of the curve
determined ky R2F(R) vs R. Use trarazocidal formula cn Column
3 and 7 of Takle A1 as shown in Cclumn 8.

Acculumate the values in Column 8 of Takle A1 as shown in

Column 9. This is the area under the curve E2F(R) ve R.
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10. Use trapozcidal formula on Column 3 and € of Table A1 to
determine the area under the curve F(R) vs F.

11. Divide each value in Column 9 by the area under F (R} (step
10) to determine the value of <E2> sheown in Cclumn 10 im
Table A1.

12. Calculate relative conductivity (¥KR) using Equation A12 and
A18. Ks x D in Equation A18 is calculated using the last

value in Column 10.

A FORTRAN program was designed to carry cut +the above
procedure. The required input information for each soil layer
includes 3 the slope and intercept c¢f the regressicnal curve
derived through +the desorption data, saturation soil mcisture

content and residual saturation.

The progran is listed in Appendix A-II. Figure 7 (Chafpter 3,

P. 3¢) shows the results from this prcgram.
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APPENDIX A - 1T

PROGRAM LISTING :

CALCULATION CF CONDUCTIVITY FECM DESCRPTICN DATA

REAL PC(U41),S(43),R{43) ,RBAR(43),N (43) ,FR (43) ,B2FR(43),
* SUMD (43) ,12 (43) ,KR(43) ,K(43) ,KS,INTCPT,DR2FR (43)
REAL(5,1) M,J

FCEMAT (I2,12)

po 1001 1=1,4d

REAL {5,2) INTCET,SLOPE,SAT, SR

FORMAT (F5.3,F10.7,F9.7,F4.2)

CALIL UNSATK (INTCPT,SLOPE,SAT,SR,HN)

CONTINUE

WRITE ({(6,63)

FOEMAT (1H1)

STOP

ENE

SUBROUTINE UNSATK(INICPT,SLCPE,SAT,SR, M)

REAI PC(41),S{43),R(43),RBAR(43),N(43) ,FR (43),E2FR (43),
* SUMD(43),L2 (43) ,KR(43) ,K(43) ,KS,INTCPT,DR2FR (43)
DATIA PC/15300.,14280.,132¢0.,12240.,11220.,10200.,9180.,8160.,
* 7140.,€6120.,5100.,4080. ,3060.,2040.,
* 1000.,500.,480.,460.,440.,420.,400.,380.,360.,340.,
* 32¢.,300.,,280.,2¢0.,240.,220.,200.,180.,1¢0.,140.,120.,
* 100.,80.,60.,40.,20.,10.,

DATA RBAR(1) ,N(1),FR(1),DR2FR (1) ,SUKD(1),R2FR (1) /€%*0.0/
DEITA=1.0E-0Q&§

AREA=0.0

MD1=M-1

Do 1002 1I=1,M

S(I)=(ALCG10 (PC(1)/1019.89) -INTCPT)/{(SLOPE*SAT)

R (1)=2%72.7/(PC(I)*981.)

CONTINDUE

DO 1003 I=1,MD1

RBAR(I+1)=(R(I)+ER(I+1)) /2.

DS=S{I+1)-5S (1)

DCE=1./PC(I+1)-1./PC{I)

N (I+1)=DS/DCE* (1./REAR(I+1) *%2)

FR (I+1)=FR (I)+N (I+1)

R2FR(I+1)=R (I+1) #%2%FR (I+1)

DR=R (I+1)-F (1)

DRZFR (I+1) = (R2FR (I) +R2FR(I+1)) *DR/2.

SUMD(I+1)=SUOMD (I)+LR2FR(I+1)

CORTINUE

DO 1004 I=1,MD1

AREA=AREA+ (R (I+1)-R{I))* (FR(I) +FR (I+1)) /2.

CONIIWUE

DO 100% 1I=1,HM
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L2 (I)=SUMD (I) /AREA
IF (L2{I).LE.DELTA) L2({I)=0.0
1005 CONTINUE
RS=12 (41)
DO 1006 I=1,H
SE= (S (I) -SR) / { 1-SR)
K (I)=L2(X) *S (I) *SE*%2
KR (I)=K{I) /KS
1006 CONTINUE
WRITE(€,€1)

61 FOEMAT (1H1,30X,'CALCULATION OF HYDRAULIC CONDUCTIVITY FROK ',
1'DESORPTION DATA'/,9%,'1',10%,72%,10%,'3',10X,"4",10X, *5%,10%,
2'¢1,10%,'7",10%,8%,10K,*9*,9%,%10?,9%,' 111 /9%, =1, 10X, t~',
310%,'-1,10%, -+, 10X,'-",10%X,'-',10X,'-',10X,"'-",10%,'~-", 9%,
§t—=1,9%, ==, /9X,"PC',9X,
5v51,10%, "R',9X,*EBAR? ,8%,'N',10X,'FR*,8X,'R2FR",6X, '"DR2FR',
67X,'SUMD',7X, 12", 9%, *KR'/)

Do 1007 I=1,H
WRITE(6,62) EC(I),S(I),R(I),RBAR{(I),H(I),FR(I),R2FR{I),
1 DR2FR (I) ,SUMD (I} ,L2(I) ,KR (I)
62 FORMAT (7X,F€.C,5%,F5.3,9E11.3)
1007 CONTINUE
RETURN
END
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APPENDIX B

: SOIL MOISTURE CONTENTS
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Jelle
e 33d
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Jeing
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J.278
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Yudbl
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Jal51
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Jelak
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teidl
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welok
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Taad2
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Q.320
0,314
C. 322
.l

Y.317
G.2Ta
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0249
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Telf4
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0.171
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03386
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Qe bd3
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Q. 354

d.307
U.325
Qe 336
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.2332
Q.278
Q.273
G284

Q.2582
0.242
Qe 244
Jednid

Q.222
C.23d
G kHS
d.208

d.212
GG
C«lul
0.198

g.215%
0. iag
34157
O.i88

U215
. led
e i53
G.178

“e 190
G126
0. 142
Ja 134
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APPENDIX C

PROGRAM LISTING : SHORT-TERM MCLEL

RS LS ELEEE SRS EEREELE S EELEEEELEELEER SR ESESEEEEEE SR LR R ER TS

* ¥
* 1. THIS Is A SIMILIFIED RECHARGZ MCLEL. *
* 2. THE PURPGSE OF THIS PEOGRAM IS TO MODEL SOIL MOISTORE *
* DISTIRIBUTICN AND MOVEMENT WITHIN THE TICEPE 450 CHM OF THE *
* SOI1L ERCFILE LURING THE LOUELE FALLOW PERICD. *
* 3. NO CEROF ROTR2TIONS, NO CANOPY EFFECTS AND NC RCOT *
* EXTRACTION PATTERWS WERE CONSILERED 1IN THIS SIMPLIFIEL *
* MODEL. *
* *
% %

shosde o sl ofe e sde sl el e sk e ok ok ol sk sheoolk seade sk sjeak s ofe o ok ool ol o ol o o ok okl e e ok ok 3 o sk ok sk ok ol e ofe ook ofeoe ok v sk ok
INTEGER NDIM({12),T(2) ,FDAY (2)
INTEGER YSTIART,YEND,YEARS,YEAR,WSERAT
INTEGER SOIL, BRFA, AR, CROP
REAL LAIC (2)
REAL I2,IAET,IRALD,EO,MA,MR,M,LAL,KC(7,12),INFIL{17) ,LEN (16)
REAL KSAT,SAT (16)
DIMENSION AVLFC(16) ,AVLSHM(1€¢) ,1AALD (2)
DIMENSION EEACCT (13,8),AMONTH(13)
DIMENSION TRANSP (16) ,SM (16,6,2) ,SMP (16,6,2) ,EXIRA (15),
1 SMAVI (15)
DIMENSION SMSAT{15),Q(15),H(16) ,CCND(16) ,RCN(12,7) ,RCH (12,7)
DIMENSION POND (2),0{12} ,CC(12) ,FCU{16) ,PWE (16) ,WSACCT (13,8)
DIMENSION RA(12) ,C(16),D(1&),WF (16) ,REFF (2)

DIMENSION ECL(12,7)
sk e sk e s o ok oo ook odesk s e ol s ook o ok ok ofe o o sk st e e ok ok e

# *
% JINITIALIZATICN OF VARIABLES *
* *

Sk el e s sdeook ke o sl skeoofe sk e s vk sleole el sl o ofe o e o e e sk ok
DATA LAIC/2%0.C/
DATA LEN/2%15.24,14%30.48/
DATA PERC,DPERC,RCHG,RCHGR,RCHGS/5%0.0/
DATA IA,IAET,IAALD,LAI,AETTOT,SMOIST,PDT/7%0.0,37.5/
DATA PACK,MA,M,ME, PACKPY/5%0.0/
DATA SOIL, CROP/3,7/
DATA CCNLD,H,PCND/16%0.005, 16%1500.C,2%0.0/
DATA INFIL,TRANSE,EXTRA/48%0.0/
CATA NDIM/31,2€8,31,30,31,30,31,31,30,31,30,31/
DATA AMONTH/'JAN.','FEB.','MAR.','AFR.',"MAY ','JUNE','JULY',
1'AUG.Y ,? SEPTY,'0CT.', "NOV. ', 'DEC. ', "TOT. '/
DATA U/0.47,€.47,0.39,0.39,0.39,0.39,0.35,0.35,0.31,0.31,0.28,
10. 24/
DATA CC/0.2,0.2,0.177,0.177,0.177,0.177,0.159,0. 159,0. 138,
10.138,0.134,0.131/
DATA FCU/1.78,1.S4,3.86,3.€,3.1,11%3.0/
DATA PWP /0.59,1.21,2%1.2,0.76,0.82,0.57,8%1.21,1.27/
DATA C /B4.647,9.366,4.346,3.687,4.346, 11%3.386,
DATA D /-19.713,-33.042,-16.416,-15.465,-1¢€.41¢6, 11%=14.303/
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%%

1

2

1003
1002

€1
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CATA FLAY/31,31/

DATA ALPH,WSERAT,MSTART, MEND,YSTART,YEND/1.3,4,8,12,79,81/
DATA SM/1.59,1.4€,2.33,1.73,1.63,1.72,1.87,1.97,1.98,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.63,1.72,

21.87,1.97,1.$8,1.97,2.02,1.79,1.75,1.70,1.67,1.62,

3 1.59,1.46,2.33,1.73,1.€3,1.72,1.87,1.97,1.58,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.€63,1.72,
24 B4 1597, 1 $8¢1:97,2< 0243795 1275, 1704167, 1462

3 1.59,1.4¢,2.33,1.73,1.€3,1.72,1.87,1.97,1.98,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.63,1.72,
21.87,1.97,1.98,1.97,2.02,1.79,1.75,1.70,1.€7,1.€2,

3 1459,1.46,2.33,1.73,1.63,1.72,1.87,1.57,1.598,1.97,
21.€7,1.97,1.58,1.97,2.02,1.79,1.75,1.70,1.€67,1.¢2,
3 1.59,1.46,2.33,1.73,1.63,1.72,1.87,1.57,1.98,1.97,

12502, 167941« 75 y170,% €7 41:62,1. 59, T li, 2,33, 1.73,1:63, 1. 72
21.87,1.97,1.98,1.97,2.02,1.79,1.75,1.70,1.67,1.62,

3 1.59,1.4€,2.33,1.73,1.€3,1.72,1.87,1.97,1.98,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.55,1.46,2.33,1.73,1.63,1.72,
21.87,1.97,1.568,1.97,2.02,1.79,1.75,1.70,1.€7,1.€2/

DATA SMPD1,SMED2/2%27.18/

DATA KSAT,SAT/10.00,0.4695,0.4235,2%0.5453,0.53¢2,0.€2,0.5589,

1 S5#0.4569,0.4446,0.4424,0.442¢6,0.3987/
ek e o sfeode e stk sk ek ok dkok ok

*
READ INPUT DATA *
&
ook sk kool shole ook b kol ok
READ(5,1) ((RCN(I,X),K=1,7),I=1,12)
FOEMAT (7 (F2.0,1X))
READ(5,2) ({KC(I,K),k=1,12),I=1,7)
FORMAT ( 12 (F3.2, 1X})
READ(5,3) (RA(I),I=1,12)
FCEMAT (12F4. 2)
XYZ=0.0
YEARS=YEND-YSTART+1

———— . — —————— - — — ———

' |
*xkk%k | ENTER YEARLY LOOP | ¥%%%%

S o ) e S

KROE=7

DO 1001 NY=1,YEAES
DO 1002 I=1,13

DG 1003 J=1,8

WSACCT (I,J)=C.0
BEACCT {I,J)=0.0
CONTINUE

IF (NY. GT.1) MSTAFT=1
IF (NY.EQ.YEARS) MEND=8
NLAY=0

YEAR= 78+NY

WRITE (6,61)

FORMAT (1H1,3X)

WRITE (6,62)
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€2 FORMAT (25X, "#%%%* DAILY SOIL MOISTURES { % ) FCR WATERSHED AN
1,'C BENCH AREAS FOR EACH LAYER *¥%k**%/, 12X, 'DATE',9X,"1',6X,
220 EX V3 L EX, 4, 6,5 ,6,'6"Y,6X,'T7 6K, '8 ,€X,'9"',5%X,'10",

35%,'111,5%,%127,5%,%137,5%,'14¢,5%,'15¢ /11X, ' =———-=1,7%, *—==-"
BUX, V=== 4K, V=== U UX, Vmmmt U, === UX, Pm ==t UR, V== Y,
54X, t=== 84X V== == 3K, tmmm=? 3F, Ve ¥ 3X, Teem®  3X, Ve,
631:'-_——'//)

—— o —— ] —— o

#kk¥%k | ENTER MONHTLY LOOP | *¥%kx

—— e v - o —

DC 1004 NM=MSTART,MEND
IF (¥M.NE.2) GC 10 101
NN=YEAR/ 4%4
IF (NN.NE.YEAR) GC TO 102
NN=YEAR/10C%100
IF (NN.EQ.YEAR) GC TO 102
NDIM(2)=29
GC TGO 101

102 NDIM(2)=28

101 NLAYS=NDIM (NM)
R=0.23

v —— . —— S ——

| |
*%%%kk | ENTER DAILY LOOP | oo

e ———— T ——

DCc 1005 ND=1,NLAYS

e e sie e o sl oleste o6 ok ook o sl o ok 3 ol 3 3k ok ofe e ade e e ok ol oSl ok e ok o ok ook ool ok ool o o o ok 3k ok A ool Ak oK ok

* *
¥ CAICULATICN CF PCTENTIAL EVAPQTIRANSEIRATICN ( EET ) *
* BY MEANS OF ¥
* PENMAN COMBINATION ECUATION *
b3 ]
* *

3 de 3 e 3 s sk ok sfeale sfode seale o ske ook ol s e sk o ok ol ok o e 3ok sk o e o s ol sk sk ke Ak ale e 3 o s 3l 3 ok e el o e

REAL (%,4) NOFLAY, TMAX,TMIN,RED,RS,WIND,PREC
4 FOEMAT (I3,1X,2F3.0,F2.0,F4.0,F3.0,F4.2)

TMAX=TMAX~100.

TMIN=THIN-100.

TAVG= {TMAX+THMIN) /2.

CENT= (TAVG-32.) *100. /180.

ABST=CENT+273.16

ES=33. 9% ((0.00738%CENT+0.8072) **8-0.000019%*ABS (1.8*CENT+48)
1 +0.00136)

ESA=ES*RHD,/100.

RS=ES/58.6

S=1.818% (RS/RA (NM))-0.327

B=2.01E-09*ABST* 4

RN=RS* (1-R) —E* (0.56-0.092%SCRT (ESA) ) *(0-1+0.9%S)

WINDD= WIND*(.S558

EA=0.35% (0.540.0 1*WINDD) * (ES-ESA)

IF (TAVG) 103,103,104
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C
C

103

104
201

10E

10¢
202

1006

DEITIA=C.0

GC TO 201
DELTA=0.03S*TAVG**0.€73
GANMA=1.-DELTA

PET={(DELTA*RN)+ (GAMMA%EA)) /25.39998

PDI=TAVG
IF (TAVG.1T.2C.0) PET=0.0
IF (EET.LT.0.0) PET=0.0
AADD=IAADD (1)

IF (EET-AADL) 105,105,106
AADD=AADD-PET

IF (AADE.1T.0.0) RADD=0.0
PET=0.0

GC TO 202

PET=PET-AADD

DC 1006 AR=1,2
IAALD (AR) =AALD

CCNTINUE

e e e sie o e o e e sdeoe e e e e sie e ke o 3 ok 2k ok s sl e ok sk ool sl ool vk sk sk ool oo e e b ek ke B ok

&
¥
%

CALCULATION GF MCISTURE ADDED DUE TC SNOWMELT

A*
#
S

3 3% e sle v s o sfede sfesde dok e s s 3§ e sk e sl sk e ofe ofe sfe e e djeoje e e e e e ofe sk sl e s ofe e ol ok e

107

105

203

11C

¥=0.0

AETSNO=0.0

PRECIP=PREC

RAIN=PRECIE

TRANST=0.0

IF (FACK.EQ.0.0) €O TO 107
AETSNO=0.5%PET

IF (RETSNC.GT.FACEK) GO TQO 107

PACK=PACK-AETISNO
GO TO 203

AETSNO=PACK

PACK=0.0

IF (TAVG.GT.32.) €O TG 108
PACK=PRECIP+PACK

RAIN=0.

GO T0 108

IF (TAVG.LE.32.) GO TO 109
MA=0.05% (TAVG-34.)

IF (MA.1E.0.) Ma=0.

IF (MA.GE.PACK) GC TO 110
MR=PRECIP* (TAVG-20.) /144.
M=MA+MR

IF(M.GE.PACK) GO TO 110
PACE=PACK~M

RAIN=PRECIP+N

GO TO 108

¥=PBACK

PACK=0.0

RAIN=M+PRECIP

sk e e o ok o ok e o o o ofe o ok sk ol o ok ofesie skl o o o o skl ok e sl o ok ool sk ok sl ok ok
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* EVALUATION QF SOI1 MCISTURE *
* ANT ¥
* CALCULATION OF ACTURAL EVAPCTRANSPIRATION *
b *
e 3 ok 3k 3k e e e se 3 sk e e 3ol e sk o Sk ook e o sk ok i e e ks oo o ofe ok ok 3k o ek o e ok sk ok ok
108 DC 1007 RREA=1,2
AR=AREA

FDAY (AR) =FDAY {AR) +1

IF (FDAY (AK).LT.366.) GO TO 111

REFF (AR) =( (8G2.-FDAY (AR)) /802.) *0.55+0 .24

GG TO 204
111 REFF (AR)=( (365.—-FDAY (AR)) /365.) *0.02+0.79
204 SMUZ=SM(1,1,AREA)

IF (RAIN.LE.0.0) GC TO 112
S 3eale e 340 3 o e o eafe ek e fe oo e e o sl o e vk o ok ok ok e ok o o 3k ok R o okl 3ol ofe o ok o ook ok

* *
¥ CALCULATE SURFACE RUNCFF VCLUME BY SCS METIHOL *
* *

ke o e e ok o ool ofe st sl ok o ol sk 3o skoge ook o o o o e ok sl ol e sk o el e o ok ok ol ok ok
RCI (SOIL,CROP)=RCN(SOIL,CROEF)
IT (FDAY (AR) .LT.E48) GO TO 113
RCI(SOIL,CRCE)=RCN (SOIL,CROP)* (140.05% (FDAY (AR)-548) /
1 (802-548))

112 IF( SMUZ .LT.0.€*FCU(1)) GO T0 114
I¥F{ SMUZ.GT.0.9%FCU(1)) GO TO 11%

GO T0 205
114 RCM{SOIL,CROP) =RCL (S0IL,CROP)*0.3%*FXP (0.009*RCL (SCIL,CROP))
GO TC 206
1158 RCM(SOIL,CROP)=RCL {SCIiL,CROP)*1.95*%EXP {-0.00663*
1 RCL {SOIL,CRQF))
GC TO 206

205 RCM (SOIL,CROP)=RCL (SOIL,CROE)
206 IF (ICROP.EC.3) RCM(SOIL,CRCE)=RCM (SCIL,CROP)*1.05
SI=1000. 0/RCH (SOIL,CROP) -10.0
ER=RAIN-0.2%SI
IF(ER.LT.0.0) GO TO 11é
RNCF=EF**2/ (F2IN+0.8%SI)
GO TO 207

112 BNCE=0.0
e e o abe ok kb sk s seale o ok o s oo ok ke sk ol ofe ke ke e e skl ok ke

* *
% CALCULATE INTERCEPTICN LCSSES *
* *
e 3% 3k sk sk kRl sk o ok ok sk ok ok s slokodeoke ok skojeokok S skokak ok ok
IA=0.0
GG T0 208
11€ RNQOF=0.0
207 IA=0.1

IF (IA.GT.RAIN) IA=RAIN
IF ((IA+ENCF).GT.RAIN) RNOF=RAIN-IA
IF { (IA+IAALD (AR) ) .GE.0.1) IA=0.1-IAADD (AR)
IF (I2.LE.0.C) IA=0.0
208 IAET=TA+IAADT (AR)
POND (AR) =RNOF*KSERAT

80
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IF{AREA.EQ.1) GO TC 117
RAIN=RAIN+ECNL (1)

RNOF=0.0
117 PEEC=RAIN-RNCF-I2

UZEVAP=0.0
sk ok e ok ok o sk 3% o ok ok ke o ok sk ke ok sk skoole skl sl el sk oo 3¢ ke ok o e e sk ok ok ek oK s sk ol 3k ok sk ok e ok K okk ek
* *
% CAICULATE FVAFCR2TICN FROM FARE SCII SURFACE (UZEVAP) *
* %
e 3k 3 e 3 3o sl sleste stede ol 3 3k 3% o s e 3 ofe o sl 3t ke e e e e 3k 3 ok ofe okl e e o ok oo sl o ok ale sl ol e sl ook ok ok ke ok ek

AETUZ=C.0

K=1

TAU=EXP(-0.3S84*LAIC (AR))
UL2=FCU(1) -U (SCII)
IF(SMUZ.LE.UL2+0.01) GO T0 118

e e e st odoeofeole bk skl ok 3 % ok ok sk oh ok ok ok sk sk ook sk ok sk stk ok kol akokok

OO0

%*
*
*

*

CAICULATE STAGE 1 SOIL EVAPORATION =*
%

e sk e i e sl s el ke el kol s s sl 3ok ofe e e o e e ool ook 3k ok ok

OOoO0O00

UZEVP1=PET* (TAU/ALPH) * (1.-REFF (AR))
EVAEMXI=SMUZ- (FCU (1) -U{SCIL))

IF (EVAPMX.17.0.0) EVAPMX=0.0

IF (UZEVP1.GT.EVAENX) UZEVP1=EVAPNX
UZEVAP=UZEVP1

T (2R)=0

GO T0 209
s 3k o o e e ook ol sl sk ol o ok ok ok 3 ok ol ol e ofe o e oo ofe ofe ade e e ok ke e e 3k ks
* ¥
% CAICULATE STAGE 2 SOIL EVAPCRATION *
* S

ke 3 3 s e ook el ek o e sk afefe o ofe sk e s sk sk ok e ok sk ok o ok ok ok ok ok

118 T (AR)=T(AR) +1
UZEVP2={CC {SCIL) * (T (AR) *%0.5) —CC (SCIL) *( (T (RR) -1) **0.5)) *
1TAU/ALPH+UZEVAE
UZEVAP=UZEVE2

209 IF (UZEVAP.GT.(PET-IAET)) UZEVAF=PET-IAET
IF (UZEVAP.17.0.0) UZEVAP=0.0
IF (SMUZ.LE.{C.5%EWP(K})) UZEVAF=0.0
TAADD(AR)=IAET-PET
IF (IAADD (AR).LT.0.0) IAADD(AR)=0.0
%=1
=1
LAI=0.0
TRAKS=0.0
TRANSM=0.0
LAIC (AF) =LAI
DO 1008 K=1, 16
AVISH (K) =SH (K,L, RREA) -PHP (K)
AVLIFC (K) =FCU (K) —EWP (K)
IF (AVLSH (K).1T.0.0) AVLSH(K)=0.0
TRANSP (K)=0.0C
IF (FERC.1LE.0.0) SM(K,5,ARER)=SM(K,1,AREA)

1008 CONTINUE
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sNaNeNEeRE

E=1
L=1
AETUZ=UZEVAP+TERANSP (1) C
st ek o s sl oot e el el s s e ode skak ool ook ol s ok ok ok ok ok e ok ok o ok o sk ok dokok

* #
* DISTRIBUTION OF WATER ADDED TO ARKER =
% #

S Sk e s o o ofe sk ool sk ok ok ok 3k ok s s sk e o e 2k o ofe e e e o e e sk ol e ok ook Ak kesie
IF (PERC.LE.0.0) PERC=0.0
INFIL(K) =PERC
119 SMAVL (K) =FCU (K)-SH(K,L,ARER)
TF (SMAVL (K) .17.0.0) SMAVI(K)=0.0
EXTRA (K) =INFIL (K)-SMAVL (K)
TF (EXTRA (K).1T.0.0) EXTRA(K)=0.0
SM (K,L ,AREA) =SM(K,L,AREA) +INFII (K)-EXTRA (K)
INFIL (K+1) =EXTHA (K)
K=K+1
IF (K.LE. 16 .AND.INFIL(K) .GT.0.0) GC TO 119
RCEGR=INFIL (K)
DO 1009 K=1,16
DO 1010 1=1,¢
SME (K, 1,AREA)=SM(K,L,ARER) /12.
IF (K.LE.2) SMP(K,L,AREA)=SM(K,L,ARER)/€.
IF {SMP (K,L,ARER) .GT.1.) SME(K,L,ARER}=1.
1010 CONTINUE
1005 CONTINUE
K= 1
=1
DTIME=0. 1667
IF (PERC.1E.0.0) LTIME=1.0
IF (PERC.1E.0.0) I=5
e 3afee 3 ok e ek ook abesde et s o oleade sheole o o o e ke o o ofe ok o s ok o ook o ok ook e o o ok ok ook o

% *
¥ CALCULATE UNSATUERATED HYDRAUIIC CCERLUCTIVITY *
* i

R EE SRR ELEEEERESLEELELEL RS LR LR LR SR T T

DO 1011 K=1,16
XYZ=SHE (K,L,ARER)*D (K)+C (K)
H (K)=EXP (X¥Z) *1013.
IF (H(K).GT.150C0) H(K)=15000
IF (H(K).LT.0.0) H(K)=0.0
GO0 TO (120,121,122,122,123,124,125,126,12¢€,126,126,126,126,
1 12€,126,127) ,K

120 COND (K)=KSAT*EXP (32. 6*SMP (K,L, AR) /SAT (K} -32. 6)
GO 10 210

121 CCND (K)=KSATHEXP (46. 66%SMP (K,L,AR) /SAT (K) -46€.6€)
GO T0 210

122 COND(K)=KSAT*EXP (31.54%SHP (K,L,AR)/SAT (K)-31.54)
GO TO 210 '

123 COND{K) =KSAT*EXP (29.537*SMP (K,1,AR) /SAT (K)-29.537)
GO TO 210

124 COND({K)=KSAT*EXP (29. 185%SMP (K, L,AR) /SAT (K} -29. 185)
GO TO 210

125 COND(K)=KSAT*EXP (28. 619%SMP (K,L,AR) /SAT(K)-28.€19)

82
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GO TO 210
12¢ COND(K)=KSAT*EZP (33.351%SMP (K,1,AR)/SAT (K)-33.351)
GC TO 210
127 COND{K)=KSAT*EXP (34.99€*SHMP (K,I,AE)/SAT (K) -34.99€)
210 IF {COND(K).GT.10.0) COND(K)=10.0
1011 IF (COND{K).LT.1.0E-06) COND(K)=1.0E-06

e skok sk s sk ok sk skl skode ol sl ks sk ol o sl kol s s ok ok fe o ol ok sk o sbeoke ok s o sk ok ol ok sl ok sk 3k ok o ok okok ok ek KK
* *
¥ CALCULATE FLOW BETWEEN ADJACENT SCI1 LAYEES USIRG LARCY LAW *
B *

she o ofe e o e oo sk s o sfe ok ok ok 3k vk sl ol oo ok e e ol e ol e e 3l e e e sl ol ol ol ok sk sk sk ok s vk sk e ol sl e sl ofe s 3fe 3R ek e ofe o 3 e o e ke
12¢ DO 1012 K=1,15

Q (K) = (COND (K) +COND (K+1) ) /2%DTIME#* (H (K+ 1) - (H (K) -LE¥ (K)) ) /LEN (K)
*%% Q IS FLOW IN CM EER TIME PERIOD. B IS SOIL MOISTURE TENSION
#%% IN CM. DELTA Z=3C.48 CM. CCND(K) IS UNSATURATEL HYLRAULIC
*%% CCNDUCTIVITY IN CM PER DAY.

Q{B)=0 (K)/2.%54

IF(Q(K).GE.0.0) GO TO 128

3 ool o sk ookl ok pok ok b ok Rk ok
* *
#* WATER FLCWS UEF *
* *

s ok ok o ofe o ofe ke o o o3k ok ok o ok ok %
SM (K,L ,AREA)=SM(K,L,AREA) -Q (K)
SM (K+1,L ,AREA) =S¥ (K+1,L,AREA) +Q (K)

GC TOo 1012
ke e e o e ofe sfesfe ke ook o e ok o o o ek
* *
¥ WATER FLOWS DOWN *
% *

st ool ke e e o de e ok ke ok s o 3k ok ol
128 SH(K,L,AREA)=SM(F,L,AREA)-Q (K)
SM (K+1,L,ARER) =S¥ (K+1,L,ARER) +0 (K)
1012 CONTINUE
DO 1013 K=1, 16
1013 SM(K,L+1,AREA) =S¥ {K,L,AREA)
RCEG=Q (15)
RCHGS=RC HG 5+RCHG
L=1+1
K=1
IF (1.LT-6) GC TO 129
DPERC=RCHGS+BRCHGE
SM (1,6 ,AREA)=SM(1,6,AREA) ~UZEVAP-TEANSP (K)
DO 1014 R=2,15
SM (K, & ,AREA) =SM (K, 6,AREA) ~TRANSP (K)
1014 CCNTINUFE
DO 1015 K=1,15
SHP (K, 6, AREA)=SM (K, 6,ARER) /12.
IF (K.1E.2) SMP(K,é,AREA)= SM({K,6,AREA) /€.
1015 CCRTINUE
WRITE (&,63) NM,ND,YEAR, (SMP(K,&,BRER) ,K=1,15)
63 FCEMAT ( €X,I2," , *,I2,' / ',12,3X,15F7.3)
DC 1016 K=1,15
AETIOT=AETTOT+IRANSP (K)
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1016

130

1017

1007

64

1005

1018

1019

1004

SMOIST=SHOIST+SH (K,6,ARE])

IF (AREA.FQ.2) G0 TO 130

WSACCT (NM, 2) =HSACCT (NM,2) +PRECIP*2.54

WSACCT (NM, 3) =WSACCT (NM,3) +IA*2. 54

WSACCT (NM, 4) =WSACCT {NM,4) +RNOF*2.54

WSACCT (NM,5) =WSACCT {NM,5) +DPERC*2. 54

WSACCT (NM,€) =WSACCT{(NM,6) + (AETTCI+AETSNO+UZEVAE) *2.54
WSACCT (NM,7) =HSACCT (NM,7) + (SMOIST-SHPD1) *2. 54
SMPD1=SMOIST

GO TO 211

BEACCT (NN, 2) =BEACCT (NM, 2) +PRECIP*2.54

BEACCT (NM,3) =BEACCT (N¥,3) +BCND (1) *2.54

BEACCT (NM, 4) =BEACCT (NM,4) +IA%2.54

BEACCT (NM, 5) =BEACCT (NM,5) +DPERC*2.54

BEACCT (NM, 6) =BEACCT (N¥,6) + (AETTCT+AETSNO+UZEVAE) *2.54
BEACCT (NM,7) =EEACCT (NM,7) + (SMOIST-SMPD2) *2.54
SMEL2=SMCIST

RCHG=0.0

RCHER=0.0

RCEGS=0.0

DO 1017 K=1,15

INFIL(K) =0.0

TRANSP (K)=0.0

0 (K)=0.0

SM (K,1,ARED)=SN (K, 6, AREA)

INFIL{16)=C.0

SM (16,1, AREA)=SM {16, 6, ARER)

SMOIST=0.0

AETTOT=0.0

CCNTINUE

WRITE (€,64)

FORMAT (3X)

NDAY=NDAY+1

PCND (1)=0.0

POND (2)=0.0

CONTINUE

-

|
*dkxk | EXIT DAILY LOOP | *%¥%%

. —— i —— o —

WSACCT {NM, 1) =AMONTH (NH)

WSACCT (NM,8)=EACK*2.54

DO 1018 J=2,7

WSACCT (13, J) =WSACCT (13,J) +WSACCT (NN, J)
WSACCT {13, 1) =AMONTH (13)
WSACCT (13, 8) =PACK*2.54

BEACCT {NM, 1) =AMONTE (NM)

BEACCT (NM, 8) =PACK*2,54

pc 1019 J=2,7

BEACCT {13, J) =EEACCT (13,J) +EEACCT {NH,J)
BEACCT (13, 1) =AMONTH (13)
BEACCT (13,8) =FACK*2. 54

CONTINUE
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#%%4% | EXIT MONTHLY LOOQP | *%%%%*

WRITE {6,65)

€5 FORMAT ("1',L€X,"®k%k*x ANNUAL SUMMARY *%x¥%1)
WRITE({6,66) YEAR

66 FORMAT (*0',35X,'WATER BALANCE (IN CM) IN THE WATERSHED AREA —-!
1" 191,12/ 108, tmmmm e e o o e e '

2'1 ——————————————————————————————————————————————————————————— 1
3,V--—==—=—=1/24X ,"INPUTS®,38X, 'CUTEUTS " /21X, '=———————mmmoe ',2X
gr | ememm e e e ————r ——————— —— ————————— 1
5,%'---—-—-=t/9X VHCNTH' ,7X, ' PRECIPITATION' , 17X,  INTERCEPTION',2X

&' SURFACE RUNCFF',3X,*PERCOLATICN',8X,'AET',8X, 'CHANGE IN SHM!,
74X, 'PACK ")
WRITE(6,67) ((WSACCT(I,K),K=1,8),I=1,13)
€7 POEMAT { 10X,Al4,F15.2,15%,5F15.2,F 13.2)
WRITE(&,€8) KROE
68 FOBMAT ('0',10X,'ICROP=',12)
WRITE (€,€9) YEAR
€S FORMAT (' 0',35X%,'WATER BALANCE (IN CF) IN THE BENCH AREA - 19!,

A

1I2/ 10X, ¥ = = e e e e e e e e e e '
2'I____________-___________________-_________________________ﬁl
3,'--'/32X, 'INFUTS' ,38%, 'OUTPUTS /21X, —== === m oo oo '
u'" ----- ',1](,' ---------------------------------------------- '
5,V---=——1'/9X,'MONTH' ,7X, 'PRECIEITATION',2X,'RUNCFF AEPLIED', 1X

6,"INTERCEPTICN', 19X, 'PERCOLATICN',8X,"' AET!,8X, '"CHANGE IN SM',
74X, 'PACK?)

PACKIN=PACK

PACK=PACK*2. 54

DSNOW=FACK-PACKPY

WRITE(6,70) (({BEACCT(I,K) ,K=1,8),1I=1,13)

7¢ FOEMAT (10X ,A4,3F15.2,15X,3F15.2,F13.2)

WRITE (€, €8) EKROE

WRITE(6,71) PACK,DSNOW,WSBRAT

71 FORMAT (*0',10X,"PACK ON DECEMBER 31 =',F5.2, 14X,
1'CHANGE IN SNOW STORAGE =',F5.2,14X,'WATERSHED :BENCH AREA'
2," RATIO=',I1,%':1')

PACKPY=PACK
PACR=PACKIN
WRITE (€&,72)

72 FOFMAT ('0',10X,'ICROP CODE : 1 = WHEAT PLANTING YEAR',' ',23X
1,2 = WHEAT HARVEST YEAR'/' ',23X,'3 = SORGHUM FALLOW YEAR'/24
2X,'4 = SORGHUM CEOP YEAR'/24X,'5 = CONTINUCUS GRAIN SORGHUM'/
3' 1,23%,'6 = CCNTINUOUS WHEAT',/24X,'7 = DCUBLE FALLOWS')

1001 CONTINUE

—— - S ——

l i
*%%dk | EXIT YEARLY LOOQP | ksl

—— ———— o — " — o —— —

STCE
END
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PROGRAM LYISTING : LCRG-TERM MOLEL
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1.

5.

THIS L[ECK WAS RECREATEL AND MCLIFIEL
EY CHUCHING WANG --- 10-16-81
SMHOD1 H. NEIBLING, KANSAS STATE UNIVERSITY, JUNE 197€.

THIS PROGRAM MODELS SCIL MCISTURE <LISTRIBUTION AND
MOVEMANT WITHIN TOP 427 CM (14 FT) OF THE SCIL PRCFILE.
EVAFORATICN, FUNOFF, INTERCEPTION FROM THE SO0IL SURFACE,
PLANT ROOT WATER EXTRACTICN FATTIERNS ANL SOIL MOISTURE
MOVEMENT BETWEEN ADJACENRT SOIL LAYEERS DECIDE THE
LISTRIBUTICN CF RAINFALL ANLC THE WATER STORAGE 1IN EACH
SOIL LAYER. ¢

THE PROFILE IS DIVIDED INTC A 15.24 CM SURFACE LAYER,
A 15.24 CM IAYER IMMEDIATELY EBELOW IT, AND 14 - 30.5 CH
LOWER DEPTH LAYERS.

182.9 CM IS TEEATED AS THE BOCUNLARY EBETWEEN THE ACTIVE
ROOT ZONF AND THE GROUNL WATER ZGONE.
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INTEGER FDAY (2)
INTEGER NDIM(12) ,ROTAT1,ROTAT2,T (2)

INTEGER YSTAEKT,YFND,YEARS,YEAR,PDAYS,PDAYW,HDAYS,HDAYW ,WSBRAT

INTEGER DAY(2) ,SCI1,CRCP,ROTATE,AFER,AR

REAL IA,IAET,IAALD,EO,MA3,MR,H,LAI,KC(7,12),INFIL(17) ,LEN(16)
REAL KSAT,SAT{16)

REAL LAIC(2) ,KS(1€)

DIMENSION AVLFC(16),AVLSM(16),IAALL (2)

DIMENSION PSUNS(12) ,RHD(12) ,RA({12) ,WIND(12) ,EFACCT{13,8)
DIMENSICN PREC (31) ,TMAX (31) ,TMIN (31),TAVG (31),AMONTH (13)
DIMENSION THANSP (16) ,SM (16,6,2) ,SMP (16,6,2) ,EXIRA(15),

SHAVI (15)

DIMENSION SMSAT(15),Q(15) (H {16),CCND(16) ,ECR{1Z2,7) ,RCU(12,T)
DIMENSION NOCECP (2),PONL(2) ,NCNM(2) ,NCND(2) ,NCYEAR (2)
DIMENSION U(12) ,CC(12) ,FCU(16) ,PWE (16) ,HSACCT (13,8)
DIMENSION ROOT (1€) ,C(1€),D{1€) ,KRCE (70,2) ,REFF (2)

DINMENSION ECL(12,7)
e ek et ok ok ool ol o sk ook Jolokok Skl ok ok ok
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INITIALIZATICN OF VARIABLES *

%
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DATA LAIC/2*C.(/

DATA LEN/2%15.24,14%30.48/

DATA PERC,DPERC,RCHG,RCHGR,RCHGS/5%0.0/

DATA IA,IAET,IAALD,LAI,AETTOT,SMOIST,PDT/7%0.0,37.5,
DATA PACK,MA,ME, ¥, PACKPY/5%0.0/

DAT2 DAY ,S0I1,/2%C,3/

DATA CCND,H,ECND/16%0.005,16%1500.0,2%0.0,/
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DATA INFIL,TRANSE,ROOT,EXTRA/64%0.0/

DATA NDIM/31,2§6,31,30,31,30,31,31,30,31,30,31/

DATA AMONTH/'JAN.','FEB.',"MAR.','APR."',"MAY ',¢JUNE', 'JULY',
1'AUG.',' SEPT','0CT. ", 'NOV. ", 'DEC. ', 'TOT. */

DATA U/0.47,€.47,0.39,0.39,0.39,0.39,0.35,0.35,0.31,0.31,0.28,
10. 24y

DATA ¢c/0.2,0.2,0.177,0.177,0.177,0.177,0.159,0. 159, 0. 138,
10.138,0. 134,0.131/

DAYA FCU/1.78,1.%4,3.86,3.6,3.1,11%3.0/

DATA PWP /0.59,1.21,2%1.2,0.76,0.82,0.57,8%1.21,1.27/

DATA C /4.647,9.366,4.346,3.687,4.346, 11%3.388,

DATA D /-19.713,-33.042,-16.416,-15.465,-16.416,11%-14.303/
DATA SM/1.59,1.06,2.33,1.73,1.63,1.72,1.87,1.57,1.98,1.97,
12.¢2,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.63,1.72,

21.87,1.97,1.58,1.97,2.02,1.79,1.75,1.70,1.67,1.62,

3 1.59,1.46,2.33,1.73,1.63,1.72,1.87,1.97,1.58,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.4¢6,2.33,1.73,1.€3,1.72,
21.87,1.97,1.98,1.97,2.02,1.79,1.75,1.70,1.67,1.62,

3 1.59,1.46,2.33,1.73,1.63,1.72,1.87,1.97,1.98,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.63,1.72,
21.87,1.97,1.98,1.97,2.02,1.79,1.75,1.70,1.67,1.62,

3 1.59,1.46,2.33,1.73,1.63,1.72,1.87,1.97,1.58,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.63,1.72,
21.87,1.97,1.98,1.97,2.02,1.79,1.75,1.70,1.67,1.62,

3 1.59,1.4¢,2.33,1.73,1.€3,1.72,1.87,1.97,1.98,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.63,1.72,
21.87,1.97,1.$8,1.97,2.02,1.79,1.75,1.70,1.£7,1.€2,

3 1.59,1.46,2.33,1.73,1.63,1.72,1.87,1.97,1.58,1.97,
12.02,1.79,1.75,1.70,1.67,1.62,1.59,1.46,2.33,1.73,1.€3,1.72,
21.87,1.97,1.98,1.97,2.02,1.79,1.75,1.70,1.67,1.62/

DATA SMPD1,SMPD2/2%27.18/

DATA KSAT,SAT/10.00,0.4695,0.4235,2%0.5453,0.5362,0.¢€2,0.5589,
1 5%C.0569,0.4446,0.40424,0.4426,0,3987/

DATR BEACCT,WSACCT/208%0.0/

DATA INDA,INLB,INDC,FDAY/7,1,2,2%173/

NAMELIST ALPHA/CEOP,PDAYS,HDAYS,ECAYW, HDAYW, MSTART, YST ART, YEND
NAMFLIST/BETA/ALEH,ROTAT1,RCTATZ, WSERAT c
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REAL INPUT DATR *
%k
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READ(5,1) ((RCHN (L,K),K=1,7),1I=1,12)

FOEMAT (7 (F2.0,1X))

READ(5,2) {(KC(I,K),K=1,12),I=1,7)

FOEMAT { 12 (F3.2, 1X})

READ(5,3) (ESUNS(I),RHD(I),RA(I),WIND(I),I=1,12)

FORMAT {2X,F2.2,F2.0,F4.2,F3.1)

REAT(5,ALPEA)

WRITE (6, ALEHA)

READ(5,BETA)

WRITE (6, EETA)

XY¥2=0.0

YEARS=YEND-YSTART+1



91

€ sakok ok deofesie ok skok okl e ok ok e sk skl ok ok e ke e ok ok 3k

c = *

C * ESTABLISH CRCP RCTATIONS *

C % *
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C

C *%% CRCP CCQDE: 1=ALlFALFA, 2=CORN, 3=GRAIN SORGHUM, 4=WHEAT,
C k&% 5=PASTURE, 6=SOYEEANS, 7=FALLOWu

C

C *#%% CRCF ROTATICN COLE: 1=CONT.G.S5., 2=CONT. WHBEAT, 3=G.S.-FALLOW,
C %k 4=WHEAT-FALICW,E=WHEART~LOUERLE FALLOW
C

C %% AREA VALUES AERE: 1=WATERSHEL,Z2=BENCH AREA

C

Do 1001 LL=1,2
ROTATE=ROTAT 1

IF (IL.EQ.2) EGTIATE=ROTAT2

Go T0 (101,102,103,104,105) ,ROTATE

C TIITTITITERTITEITTITSTRTTITARATTY
C T T
C T CONIINUCRS GRAIN OSRGHUM I
cC T T
C

TTTTEITTTITITITTITTTTITIITTITI
101 DO 1002 K=1,YEARS
1002 XROP(K,LL) =S

GC Ta 1001
C TITTTITTTITITITITETITI
c T T
C T CONTINUOUS WHEAT 1
cC T T
C TTITTTITITITITITITITITT

102 DO 1003 K=1,YEARS
1003 KROP(K,LL) =€
GC TO 1001
TTTTTTIITTITITTTITTTITITTTT
T T
T GRAIN SORGHUM-FAILCHW T
T T
TITTTTITTITTTTTITTTITITICT
103 DC 1004 K=1,YEARS,2
1004 KROE(K,LL)=3
DC 1005 K=2,YEARS, 2
1005 KROP(K,LL) =4

o000

GO TO 1001
C TITTTIITITTITITITITII
C T T
C T WHEAT-FALLOW 1T
cC T T
C TITTITTITITITITITIL

104 DO 1006 K=1,YEARS,2
100€ KROP{K,LL)=1

DO 1007 K=2,YEARS,2
1007 KROP(K,LL) =2

GC TO 1001
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10% DO 1008 K=1,YEARS,3

1008 KRCP (K,LL)=INCA

DO 10(8 K=2,YEAES,3

1009 KRCE(K,LL)=IKNLE

DO 1010 K=3,YEARS,3

1010 KRCE (K,LL)=IKNLC
1001 CONTINUE

———— — —— i —— S — T — - — 2

DO 1011 NY=1,YEAES
DO 1012 I=1,13

DC 1013 J=1,8
WSACCT (I,3)=C.0

1013 BEACCT (1,3)=0.0
1012 CONTINODE

IF (NY.GT.1) MSTAET=1
NDAY=0
NGCEOP (1)=0
NOCROP (2) =0
WRITE (6,61)
61 FORMAT (* 1", UéX, " #%kkx ANNUAL SUMMARY ¥%k¥*1)

it A e o " i —

| i
*%%¥¥% | ENTER MONHTLY LOQP | *%%¥%

o — o ——— " ———

DO 1014 NM=MSTART, 12
10¢ READ (1,4,END=50C0) KAN,STIND,YEAR,MONTH, (EREC(I),I=1,31),
1(TH¥AX(I) ,I=1,31), (TMIN(I),I=1,31)
4 FOEMAT { I2,I4,2I2,31F4.2,62F3.0)
IF (YEAR.LT.¥YSTART) GO TO 106
IF (YEAR.GT.YEND) GO TO 5000
IF (MONTH.LT.MSTART.AND.YEAR.EQ.YSTAET) GO TC 106
R=0.23
NDIM(2)=28
IF (NM. EQ.2.AND.TMAX (29) .LT.%00) NDIM{2)=29
NDAYS=NDIM (NN)

#ik*k | ENTER DAILY LOOQP | dokdk

i it i i i —— A ke e i —

DO 1015 ND=1,NDAYS
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* *
¥ CALCULATION CF PCTENTIAL EVAFOTRANSPIRATIGCN ( PET ) %*
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E BY MEANS CF *
b FENMAN COHMEINATION EGQUATION *
* *
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TMAX (ND) =TMAX (ND)-100.
TMIN(ND) =TMIN (ND)-100.

Ck%*% TAVG IS THE AVEREGE LAILY AIR TEMPERATURE, DEGREE FAHRENHEIT

C

OO0ONOoO

TAVG(ND) = (TMAX (NL) +TMIN (ND)) /2.0

#*%% FOILOWING STATEMENTS CORRECT FOR MISSING DATA CN INPUT TAPE
IF (TAVG(ND).GI.800) TAVG(ND)=PDT
IF (PREC(ND) .GT.95.97) PREC (ND} =0.0

*¥% THE NEXT TWC CARLS CCNVEET TAVG TC ABSOLUTE, DEGREE KELVIN
CENT= (TAVG (NL) -32.0) *100.0,180.0
ABST=CENT+273.16

**% ES IS THE DAILY CALCULATED SATURATEL VAPOR PRESSURE, IN MB
ES=33. 6% (((.00738%CENT+0.8072) #*8-0.000019%ABS (1.8%CENT+48)
1 +0.0013€)

%% ESA IS THE DAILY CALCULATED ACTUAL VAPOR PRESSURE, IN MB
ESA=ES*RHD (NM) /100.0

*%% RN IS THE CALCULATED DAILY NET RATDIATION, IN MM OF WATER
RN= {(1-R) *RA (NM)* (0. 22+0. 54%*PSUNS (NM)) - 2.0 10E—0 G*AB ST#% 4%
1(0.58~C.77-0.027*SQRT (ESA) ) *{0.1+0.9*PSUNS (NHM) )

#*%% YINDD IS THE MCNTHLY AVERAGE WINDRAN, MILES/LAY AT 2 M HEIGHT
WINDD= (WIND (NM)*24)*0.555

*%% ES IS THE DAILY CAICULATED SATUBATEL VAPOR ERESSURE, IN MB
EA=0.35% (0.5+0.0 1*UINDD) * (ES-ESA)
IF (TAVG(ND)) 107,107,108

107 DELTIA=0C. 0
GO TO 201

108 DELTA=0. 039%TAVG (ND) **0.£73

201 GAKMA=1-LEITA
PET=((DELTA*RN)+ (GAMMA*EA)) /25.39998

*%% PET IS THE CALCULATED DAILY POTENTIAL EVAPCTRANSPIRATION, INCH
PDT=TAVG (ND)
IF (TAVG(ND) .1T1.20.0) PET=0.0
IF (PET.LT.0.0) PET=0.0
AALD=IAADD (1)
IF (EET-RADL) 109,109,110

10S AADL=AADD-PET
IF (AADD.1T.0.0) BALD=0.0
PET=0.0
GO TGO 202

110 PET=PET-AADL

202 DC 1016 AR=1,2
IAALD (AR) =AADD

1016 CCNTINUE

e ool ke A s ok ke Aok ek ok Ak e e ek sl e sk 3 ke Ak e A e ofe e e ke o e afe 3 o o e e dde sl Ak 3l A e e o ek

% *
¥ CALCULATION OF MCISTURE ADDED LUE TC SNOWMELT *
* *
e s s o o o okeade siesde st ot ok ok o ofe ook s st o s sl e e sl o e ok sk sl sl s o e o ol ook ol sk ok e o ok ok ok ok
¥=0.0
AETCNO=0.0

PRECIP=PREC (NL)
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o000 N0

RAIN=PRECLE
TRANST=0.0

1F (PACK.EQ.0.C) GO T0 111
RAETISNO=0.5%EET

IF(AETSNO.GTI.PACK) GO TOo 111

PACK=PACK-AEISHNO
GC TO 203

111 AEISNO=PACK
PACE=0.0

IF (TAVG (ND).GTI.32.) GO TO 112

113 PACK=PEECIE+EACK
RAIN=D.
GO TC 112

203 IF (TAVG(ND).1E.32.) GO TO 113

MA=0.05% {(TAVG (KD)-34.)
IF (MA.LE.0.) MA=0.
IF (MA.GE.PACK) GC TO 114

MB=ERECIP* (TAVG (¥D)-20.)/144.

H=MA+MR
IF (M.GE. EACK) GO TC 114
PACK=PACK-M
RAIN=PRECIP+HN
GC TO 112

114 M=PACK
PACE=0.0
RAIN=M+PRECIE

e Heofe s ofe 3 ok e oo s ik A ok o s o s o o sesle e ofe sde e e e o ok e ole e dfe ok ok skodkesdeole e dle sk sk ke ok

ARD

* ¥ H ¥ ¥

3k e e s e e sl ek o ol ke 3k o Aok e e ok e e e e e o Ak a3l ok o ofe ok o o dbvoesie ok ek ko

11z DO 1017 RREA=1,2
AR=IREAR

EVAIUATION CF S011 MOISTURE

CALCULATION OF ACTURAL EVAPCTRANSEIRATION

*
%
*
P
&
%
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%

* DETERMINATION CF CROP GRCWN CN EACH AREA EACH YEAR

S

%*
*

*
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RCTATE=RCTAT1
IF (AREA.EQ.2) ROTATE=ROTAT2

G0 T (115,11€,117,117,118) ,ROTATE

TITTTITITTIITITITITITITTTTITTTITT

T P
T CONTINUORS GHAIN OSRGHUM T
T T

ITTTITITITITTTITITITITITETTTETY
11E CROP=3

IF (NDAY.GT.PLAYS.AND.NDAY.LT.HEAYE) GO TO 1189

CROP=7
DAY {AR)=0
FDAY (AR) =FDAY (AR)+1

REFF (AR)=( (252.—FDAY (AR) ) /252.)*0.25+0.08
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GO TO 119
TITTTIIITTITITITITITITE
T T
T CONTINUOUS WHEAT 1T
T I
TITTIITITTITITITITISTITT
116 CRCE=4

117

Aok
e

IF (NDAY.LT.HDAYW.OR.NDAY.GT.EDAYH) GO TO 119
CRCE=7

FDAY (AR) =FDAY (AR) +1

REFF (AR)=((092.-FCAY (AR)) /092.) *0.36+0.22
DAY (AR)=0

GC T0 119

ICECP=KRCP (NY,AREA)

ICRCP CODE: 1=WHEAT PLANTING,2=WHEAT HARVEST,
3=50BGHUM FALLOW YEAEK, U4=SCRGHUM CROP YEAR

Go TO (120,121,122,123), ICEOP

TITTTITTITITITITIIL
T T
T WHEAT-FALLOW 1T
T T
TITTTITITITTTTITITY
120 CRCE=4
IF (NDAY.GE.PDAYW) GO TO 119
CRCE=7
DAY (AR) =0

121

FDAY {(AR) =FDAY (AR) +1

REFF(AR) = ( (458.~FDAY (AR)) /458.) *0.4¢6+0.22
Ge TO 119

CECE=4

IF(NDAY.LT.HDAYW) GO TO 119

CHCE=7

DAY (AR) =0

FLAY (AR) =FDAY (AR) +1

REFF (AR) = { (456.~FDAY (AR) ) /458.) #0.4€+0.22
GO TO 119

TITTTIETTTTITITITITITITTYT

% T
T GRAIN SORGHUM-FALLOW T
T T
TITTTTTIT IT T T T IT LTI TTTTTT
12Z CRCP=7

DAY (AR)=0

123

FDAY (AR) =FDAY (AR) +1
REFF(AR)={(616.-FDAY (AR)) /616.)*0.40+0.08

GO T0 119

CROP=3

IF (NDAY.GT.PCAYS.AND.NDAY.LT.HEAYS) GO TO 118
CROP=7

DAY (AR)=0

FDAY{AR) =FDAY (AR) +1

REFF (AR) = ((616.~FDAY (AR) ) /616.) *0.40+0.08
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GO To 119
TITTTIIITTITITTIIITITITITIT
T T
T WHEAT-LOUBLE FALIOW T b
T T

TTTTTTTTTITTTTITITITITITIT
118 IF (RROE(NY,AR).NE.7) GO TO 124
CROP=17
DAY (AR)=0
FDAY(AR) =FDAY (AR)+1
204 IF {FDAY (AR).LT.266.) GO TO 125
REFF (AR) = ( (802.-FDAY (AR)) /802.) *0.55+0.24
GC TC 119
125 REFF (AR)=( (365.-FDAY (AR)) /3€5.) #0.02+40.79 ‘
GO T0 118
124 IF (KRCP(NY,AE).EQ.2) GO TO 126
CROP=4
IF (NDAY.GE.ELAYHW) GO TO 119
CROP=7
DAY (AR)=0
FDAY(AR) =FDAY (AR)+1
GC TO 204
12¢ IF (NDAY.LT.HDAY®) GO TGO 119
CECP=7
DAY (AR)=0
FL2Y (AR) =FDAY (AR) +1
GO T0 204
119 SKOUZ=SM (1,1, ARER)
IF (DAY (AR) .NE.C) FDAY (AR)=0
IF (LAY (AR) .NE.0) REFF (AR)=0.

I¥ (RAIN.LE.0.0) GG TC 127
sfe adeofe ok sk o o sk 3 ok ade ok ok o o 3 ok afe okl s el sk sk ok sk a Sk ek ko okt ok ko ik ek

# *
* CALCULATE SURFACE RUNOFF VOIUME BY SCS5 METHOL *
K *

afe ook e 3 o s ook dbole lele o ok ob ok o e o ok ook s afe e e s ofe e s stk ek o e oleofoole ke e sk sk skookok ko
RCL (SOIL,CRCP)=RCN (SOIL,CROQE)
IF (FDAY (AR) .1T.ZU48) GO TO 128
RCI(SOIL,CBCP)=RCN(SOIL,CROP)*(1+0.05*(FDAY{AE}-SQE)/
1 (802-548))

128 IF( SMUZ.LT.0.7%FCU(1)) GO TO 129
IF( SMUZ.GE.1.0*FCU{1)) GO TO 130

GO T0 205
129 RCH (SOTL,CROE)=RCL (SOIL,CROP)*0.39*EXP (0. 009*RCL (SOIL,CROP))
GO TO 206
13C RCM (SOIL,CROP) =RCL {SOIL,CROE)*1.95%EXP (-0.00663%
1 RCL (SOIL,CROP))
GO TO 206

205 RCM(SOIL,CROP)=RCL(SOIL,CRCE)
206 IF (ICROP.EC.3) RCM({SOIL,CROP)=RCHM (SOIL,CRQP)*1.05
5I=1000. 0/RCHM (SOIL,CROP) -10.0
ER=RAIN-0.2%SI
IF (ER.1T.0.0) GO TO 131
RNOCF=ER¥%*2/ (FAIN+0.8%SI)

96
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GC TOo 207
127 BRNCF=0.0

3 ke o e e e ek Aol oo ok sk sk e sk s ol s o e ok e obeok ofe skl ok ek
* *
% CAICULATE INTERCFPTICN LOSSES *
% X
s S ool o ok o s sk kol she sk ok s ok ok sk s s ok ofe sl ole e e ofe e ok sk ok ok ok
Ir=0.0
GC TO 208
131 RNOF=0.0
207 IAa=0.1

IF (IA.GT.RAIN) IA=RAIN
IF ((IA+ENCF).GT.RAIN) RNOF=RAIN-IA
IF ((IA+IAADD {AR)).GE.0.1) IA=0.1-IAADD (AR)
IF (IA.LE.0.0) I2=0.0
208 IAET=IA+IAADEL (AR)
POND(AR) =RNOF*WSERAT
IF (AREA. EQ.1) GO TO 132
RAIN=RAI N+ ECHD (1)

RNOF=0.0
132 PERC=RAIN-RNCF-IA

UZEVAP=0.0
e %3k A ok s 3k ok el ok ke 3 ok S ok 3k sk o ok 3 ok ok o vl s s vk sl e s ok 3k e o e sk sk sl e ke ok ok e s ok e ool e ok sl ook koK
¥ *
% CALCULATE EVAECRMTION FROM EARE SOIL SURFACE (UZEVAP) *
* *
e el e s ok oo 3k ek ok dkoak ak sookk sk sk ik sk sde ke s ode o o e o Ak ok o A o e ale sk ol 3k 3k ek e e s ok s e ook ok k ko

AETUZ=0.0

K=1

TAU=EXP (-0.398%LAIC(AR))
UL2=FCU( 1) -U(SOII)

e ool o o o ol ot sl oot ok 3 3 ot okt 3 o ook 3 ool ok o ol sk ok ok ok o ok ok akok
* *
* CAICULATE STAGE 1 S0IL EVAPORATION *
* *

e stk e e o ek ok skok sk ok sk ol sjoke skt ok ok stk ook okl K koK
UZEVP1=PET* (TAU/ALPH) * (1.-REFF (AR))
EVAEMX=SMUZ- (FCU (1)-U(SCIL))
IF (EVAPMX.LT.0.0) EVAPMX=0.0 .
IF (UZEVP1.GT.EVAEMX) UZEVP1=EVAPHMX
IF ( SMUZ.GT.UL2+0.01 ) GO TO 133

st ool bk o ok sk 3ok ok ool ok s skl ool ok s st ofeofe sk skeokk et ok sk dkok
* *
* CAICULATE STAGE Z SOIL EVAPCRATION *
% *

3 afe e 3 ade e e el ek seske e s 3 ke dfeok sl e 3k sk sfe e sk sk e 3 sk e ke sieoskook kR ok
T (AR) =T (AR) +1
UZEVAP= (CC (SCIL) * (T (AR) **0.5) -CC(SOIL) *({T (AR) - 1) **0.5)) *
1 TAU/ALPH+TZEVAP
IF ( UZEVP2.GT.UZEVP1 ) GO TO 133
UZEVAP=UZEVPZ
GC TG 209
133 T (RR)=C
UZEVAP=UZEVE1
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209 IF(UZEVAP.GT. (PET-IAET)) UZEVAP=PFTI-IAET
IF (UZEVAE.1T.0.0) UZEVAP=0.0
IF(SMUZ.LE. (G.5%FWP(K}))) UZEVAE=0.0
IAACD (BR)=IRAET-PET
IF (IRADD(AR).LT.0.0) IAADD(AR)=0.0

IF (DAY (AR)

.LE.C) GO TO 134

I¥ (CROE.EQ.7) GO TO 134
I¥ (CROP.EQ.4) GO TC 135

GO TO 210

e Fesie A o s e e sk 3ok e e ke ek sk A sl ook s ok ol e e oo oke ok o ok

*

P

* WHEAT LEAF AREA INDEX FUNCTION *

*

%*

¥ vpkok e eookoslok dhok Yok s skl sk ke shoste ksl e ek sk ek sl sk b ok

135 IF (DAY (AR).
IF (CAY (AR).
.GE.37.AND.DAY (AR) .1LT.53) IAI=0.36-8. 125E-03%

IF (DAY (AR)
1

IF (DAY (AR} .

1

IF (LAY (AR) .

4
IF (DAY (AR)
1
IF {DAY (AR)
1

IF (DAY (AR) .

1
IF (DAY (AR)
60 TO z11

L1.3) LAI=0.0
GE.3. AND. DAY (AR) .1T.37) LAI=0.0106%* (DAY (AR) -3)

(DAY (AR)-37)
GE.53.AND. DAY (AR) .LT.153) LAI=0.23-1.5E-03%
(DAY (2R) -53)
GE.153. AND. DAY (AR) .1T. 189)LATI=0.08+0.0144*
(DAY (AR) -153)

.GE.189.AND.DAY (AR) . 1T.199) LAI=0.60+0.022%

(DAY (AR)-189)

.GE.199.AND.DAY(AR) .1T.217) LAI=0.82-0.028%

(DAY (AR) -199)
GE.217. AND. DAY (AR) .LT.239) LAI=0.31-0.014%
(CAY (AR) -217)

.GE.239) LAI=0.0

3 ok e e 3 e sfesk ek sheske s A e e deofe 2k ke e v e e e e e e o e ok e ook

*

*

* SORGHUM LEAF AREDM INDEX FUNCTICN *

*

*

3 e e 3 e e ok e e Aol 3l ke A e ofe ok e 3k ol e e o sfe e e o Ao s ook ek ok dkook

210 IF (LAY (AR).

IF (CAY (AR) .
.GE.35.AND.DAY (AR) .1T.42) LAI=0.77+0.19%{LAY (AR)-35)
.GE.U42 .AND.DAY (AR).LT.49) LAT=2.10+0.286%

IF (DAY (AR)
IF (LAY (AR)
1
IF (DAY (AR)
IF (LAY (AR)
1
IF (DAY (AR)
1
IF (DAY (AR)

GE.O.2ND.CAY (AR) .LT.29) 1LAI=0.00€571%DAY (AR)
GE.29.AND.DAY (AR) .LT.35) LAI=0.23+0.09% (DAY {(AR)-29)

(DAY (AR) -42)

.GE.56.AND.DAY (AR).LT.77) LAI=4.93-0.0928%

(LAY (AR) -56)

.GE.77 .AND.DAY (AR) .LT.11%) LAI=2.57-0.0142%

(DAY (AR)-77)

.GE.115) LAI=0.00

211 TRANS=PET-UZEVAP

K=1
L=1

TEANS=TRANS*KC (CEQP, NM)
IF (CROP.EQ.3) GO TO 136
3 3ol e e o o b o ksl ek ke Sk ok ok ok o 3k ok ok Ak afe e s ofe e e sk ek ke ek

*

*

* WHEAT FOOT EXTEACTION PATTEEN *
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C 3% ¥
C PR SRS EEELEEEEEREREEERERERES EESEEL S E ]
K=1
ROOT (K)=(72.0-0.104% (DAY (AR)-55)) /100.
IF (CAY (AR) . GE. 0. PND. DAY (AR) .LT.55) ROOT (K)=(100.-0.509%DAY (AR) )
1/100.
k=2
ROOT (K) = (20.0-0.C469%*DAY (AR)) /100.
IF (CAY (AR) .GE.O. PND. DAY (AR) .LT.55) ROOT(K)=(0.363*DAY (2R)) /100
K=3
ROCT(K)=0.145%DAY (AR) /100
IF (CAY (AB) .GE.55) ROOT (K)=0.08+(0.0448% (DAY (AR)-55)) /100
K=4
ROOT (K)=0.0
IF (DAY (AR) .GE.18S) ROOT (K)=0.09

k=5

ROOT (K)=0.0

IF (IAY (AR) .GE. 193) ROOT (K) =0.08
K=¢€

ROCT (K)=0.0
IF (DAY (AR) .GE.21€) ROOT (K)=0.03

K=7

ROCT(K)=0.0

GC TO 212
C s e o % 3k ek o Sk Feok ok 3k A ok ok 3k e sk sk kool ok o e e Al ofe 3 Ak o e
c * *
C % SORGHUM ROOT EXTRACTION PATTERN *
c * *
C sosksiok o ok o ook ook et ok ok b o ook o8 ok ok okok ok ok Rk Rk R

13€ K=1

ROOT {K)= (56 .0-0.391%DAY (AR) ) /100.

IF (TAY (AR) .GE.O. AND. DAY (AR) .LT.61) ROOT (K)={(100.0-1.466
1%DAY (AR) ) /100.

e

ROOT (K)= (23-0-0. 174*DAY (AR)) /100.

IF (DAY {AR) .GE.0.AND.DAY {AR) .1T.61) FEOOT(K)=(0.766*CAY (RR)) /100
K= 3

ROOT (K)=0. 334%TAY (AR) /100

IF (CAY (AR) .GE.€1.AND.DAY (AR).LT.63) ROOT (K)=0.21

IF (CAY (AR) .GE.63.AND.DAY (AR).1T.73) ROOT (K)=(21.0-1.1%
1 (DAY (AR) -63)) /100

IF (CAY (AR) .GE.73) ROQT(K)=0.19

K=4

ROOT {K)=0.0

IF (CAY (AR) .GE.73) ROOT (K)=0.13

K=¢

RCCT (K)=0.0

IF (DAY (AR) .GE.104) ROGT (K)=0.10

K=6

ROOT (K)=0.0

IF (CAY (AR) -GE. 104. AND. DAY (AR) .LT.119) ROOT (K)=0.05

IF (DAY (AR) .GE.119) ROOT(K)=0.10

K=7

RCCT (K)=0.0
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IF (LAY (AR) .GE. 13C) ROOT (K)=0.05
GC TO 212

k=1

L=1

LAI=0.0

TRANS=0.0

TRANSM=0.0

LAIC(AR) =LAI

DO 1018 K=1,1¢

KS (K)=1.0

AVLEC (K) =FCU {K) ~EWP (K)

AVISH (K) =SM(K,1,B2REA)-PWP (K)

IF (AVLSM (K) .17.0.0) AVLSM(K)=0.0

IF (AVLSM (K) .IT.0.3*%AVIFC (K)) KS(K)=AVLSM(K)/(0.3%AVLEC (K))

IF(K.LT.2) GC TO 137
IF (ROOT (K) .LE.0.) GO TO 137

IF (KS(K-1) .LT.1.) ROOT (K)=ROOT (K)+ (FOOT {K-1) * (1. -KS {K-1) })

TRANSP (K) =TRANS*KS (K) *ROOT (K)

IF (SM (K, 1,AREA).IE.PWP (X)) TRANSP (K)=0.0
IF (PERC.LE.0.0) <M (K,5,AREA)=SM(X,1,AREA)
CONTINUE

K=

L=1

AETUZ=UZEVAP+TRANSP (1)

ke shobe s e sk sjoloole ok s sl o sl o ok o s ook ok ok o ok ol ol ol o s ok o e s o e e ook

*
*
*

*

DISTIRIBUTICN CF WATER ALLDED TO AREAR =
*

¥ oo dle o e e sese skl o e e dfeale e kol e ke ok e e ke 3k el Aok A ok ok ek

138

1020
1019

IF (PERC.LE.0.0) PERC=0.0

INFIL (R) =PERC

SMAVL (K) =FCU (K) -SM (K,L1,ARER)

IF (SMAVL (K) .1T.0.0) SMAVL (K)=0.0

EXTEA (K) =INFIL (K} -SHAVL (K)

IF (EXTRA (K) .1T.0.0) EXTRA (K)=0.0
SM(K,L,AREA) =SM{K,L, ARER) +INFIL (K)-EXTRA (K)
INFIL (K+1) =EXTEA (K)

K=K+1

IF (K.LE. 16.ANL.INFIL (K).GT.0.0) GO T0 138
RCEGR=INFIL (K)

DC 1019 K=1, 16

DG 1020 I=1,6

SMP(K,L,AREA)=SM (K,L,ARER) /12.

IF (K.LE.2) SME(K,L,AREA)=SM(K,L,ARER) /6.
IF {SMP (K,L,AREA) .GT.1.) SME(K,I,ARER)=1.
CONTINUE

CCNTINUE

K=1

L=1

DTIME=0. 1667

IF (PERC. LE.0.0) LTIME=1.0

IF (PERC.LE.0.C) I=5

e 30 ok e 3 Seojeose e e e v sk 3 3 ok e oA sake e e ke o e e e vje e ol 3 e sje e e e dfe s e e ke kol ke ke

%

*

100
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¥ CAICULATE UNSATUBRATED HYCRAULIC CCNILUCTIVITY *
* *
s sk e o s s oo sl ok oo o ol sl e ok ek sk o s o o ol o ok sk ok o o o6 5 ok ok ook ok kR ok o
DC 1021 EK=1,1¢€
IYZ=SHME(K,L,ARER)*D (K) +C (K)
H{K)=EXP (XYZ) *1013
IF(H(K).GT.15000) H({K)=15000
IF (H{K).IT.0.0) H(K)=0.0
GO TO (139,140,187, 141,142,143 144,145 ,1485,145, 145,145,145,
1 145,145,146) ,K
139 COND(K)=KSAT*EXP (32.&*SMP (K,L,BR) /SAT (K)-32.¢)

GO TO 213

140 COND(K)=KSAT*EXP (4€.€E€*SMP (K,L,AR} /SAT (K) ~4E.66)
GC TO 213

141 COND(K)=KSAT#EXP (31. 54%SHP (K,L,AR) /SAT (K) -31.54)
GO TO 213

142 CONRD(K)=KSAT*EXP (29. 537*%SMP (K,L,AR)/SAT(K)-29.537)
GO0 10 213

143 COND(K)=KSAT#EXP (29.185%SMP (K, I,AR)/SAT (K)-29. 185)
GC TO 213

144 COND(K)=KSAT*EXP (28.619%SHP (K,L,AR) /SAT (K) -28.€19)
GC TO 213

145 CCOND(K)=KSAT*EXP (33.351*SHP (K,L,AR) /SAT(K)-33.351)
GO TO 213

146 CCND(K)=KSAT*EXP (34.996*SMP (K,L,AR)/SAT(K)—-34.996)
213 IF (COND(X) .G1.10.0) COND (K)=10.0
1021 IF (COND(K) .LT.1.CE-04) COND (K)=1.0E-04

e Sk e o e et ook st sk o o o s b ofe ool o o s sk o o e sk sk sl stk ool skt sk ok sl sk skof e sl o ok ok sk ok Aol ok
* *
* CAICULATE FLGW BETWEEN ALJACENT SOIL LAYERS USING DARCY LAW *
* *

e ok e obe ol e sl skl e ok ook ok el el ofe e s s o ol ol e o o ok ok ol kol oot e sk o skl ook ol e sk afok sk ek okl ok ok
148 pc 1022 K=1,15

Q (K)= (COND {K) +COND (K+1) ) /2%DTIME* (B (K+ 1) - (H (K) ~LEN (X)) } /LEN (K)
*%% g IS FLOW IN CM FER TIME PERIOD. H IS SOI1 MOISTURE TENSION
¥%¥% TN CH. DELTA Z2=30.48 CM. COND(K) IS UNSATURATED HYDRAULIC
¥%% CONLUCTIVITY IN CM PER DAY.

Q(K)=Q (K)/2.54

IF(C(K).GE.0.0) GO TO 147

e 23k e o e o sk okl sk ek ok ok ok ok
2 *
* WATER FLOWS TP *
* *

e ook e o s okl ko kol Kok kiR %
SM(K,L,ARER)=SM(E,L,RAREA)-Q(K)
SH¥ (K+1,L,ARER)=SH (K+1,L,ARED) +Q (K)

GO T0 1022
sk ook s o ol ool ook kol skok b sk B ok ook
* *
* WATER FLCWS LCEN &
* *

3ok o ok o okl ok ok ok 3k bk ok s odok
147 SM (K,L,AREA)=SM(K,L,AREA)-Q (K)
SM (K+1,L ,AREA)=SM({K+1,L,AREA)+Q (K)
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1022 CGHKIINUE
DO 1023 K=1,16

1023 SM(K,L+1,AREA)=SK(K,L,AREA)
RCBEG=Q (15)
RCEGS=RCHG S+RCHG
L=1+1
K=1
IF(1.LT.6) GC TO 148
DPERC=RC HGS+ECHGE
SM{1,6 ,AREA)=SM (1,6, ARER) ~UZEVAP-TRANSP (K)
DO 1024 R=2,15
SM (K, € ,AREA) =SM (K, 6,AREA) ~TRANSP (K)

1024 CCNTINUE
Do 102t K=1,1E
AETTOT=AETTCT+TRANSE (K)

1025 SMOIST=SMOIST+SM(K,1,ARER)
IF (NOCKOE (AK).GT.0) GO TO 149
IF (SMOIST.LE.13.41.AND.DAY (AR) .GT.0) NOCRCE(AR)=1
NCKE(AR) =NM
NCND (AR) =ND
NCYEAR (AR) =YEAR

149 IF (ARERA.EQ.2) GO TO 150
WSACCT (NM,2) =WSACCT(NM,2) +PRECIP*2. 54
WSACCT (NM,3) =HSACCT (NM,3) +I2*2.54
WSACCT (NM, 4) =WSACCT (NM, ) +RNOF*2.54
WSACCT (NM,5) =WSACCT (NM,5) +DPERC*2. 54
WSACCT (NM, 6) =HSACCT (NM,6) + (AETTOT+AETSNO+UZEVAE) *2.54
WSACCT (NM,7) =WSACCT (NM,7) + (SHOIST~SMPD 1) *2.54
SMPD1=SMOIST
GG TO 214

15C BEACCT (NM,2) =BEACCT (NM,2) +PRECIE*2.54
BEACCT (NM, 3) =EEACCT (NM,3) +PCND (1) *2.54
BEACCT (NM, 4) =EEACCT (KM, 4) +IA%2.54
BEACCT (NM, 5) =BEACCT (NM,5) +DEERC*2.54
BEACCT (NM, 6) =EEACCT (NM,6) + (AETTCT+AETSNO+UZEVAP) *2. 54
BEACCT (NM,7) =BEACCT (NM,7) + (SMOIST-SMPD2) *2. 54
SMED2=SMOIST

214 RCHG=0.0
RCHGR=0.0
RCHGS=0.0
DO 1026 K=1,15
INFIL(K)=0.0
TRANSP {K)=0.0
0 (K)=0.0

102€¢ SM (K, 1,ARER) =SM (K, 6,AREA)
INFIL(16)=0.0
SM (16, 1,AREA) =SM (16,6 ,ARER)
SKCIST=0.0
AETTOT=0.0
DAY (AR)=DAY (AR)+1

1017 CONTINUE
NDAY=NDAY+1
PCKD(1)=0.0
POND {2)=0.0
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CCNTINUE

a0 - S e ———

I !
*kk%k | EXIT DALLY LCOP | *¥&¥%

WSACCT (NM, 1) =AMONTH (NH)
WSACCT (NM, 8) =EACK*2. 54

DO 1027 J=2,7

WSACCT (13,J)=WSACCT (13,J) +WSACCT {N¥,J)
WSACCT (13, 1) =AMONTH (13)
WSACCT (13,8) =PACE*2.504

BEACCT (NM, 1) =AMONTH (RH)
BEACCT {N¥, 8) =PACK*2.54

DC 1028 J=2,7

BEACCT (13,J) =BEACCT (13, J) +EEACCT (N¥,J)
BEACCT {13, 1) =AKGNTH {13)

BEACCT (13,8) =PACK*2. 54

CONTINUE

D e . > —— i o o o e o

WRITE (6,62 ) YEAF

FORMAT ("0'",35X,"WATER BALANCE (IN CF) IN THE WATERSHED ARERA -!
1" 19',12/103,' -----------------------------------------------
2’l ——————————————————————————————————————————————————————————— L]
3,1 ==———=—==1/24% *INPUTS" ,38X, '0UTEUTS /21X, ' ==m=mmm o e ', 2%
]_‘l ————————————————————————————————————————————— '
5,%-———————1/9X"MCNTH',7X, *PRECIPITATION', 17X, '"INTERCEPTION",2X

&' SURFACE RUNOFF',3X,'PERCOIATICN',8X%,"AET',8X, "CHANGE IN SM!,
74X, 'PACK')

WRITE(6,63) ((WSACCT(I,K),K=1,8),I=1,13)

FORMAT ( 10X,A4,F15.2,15X,5F15.2,F13.2)

WRITE (6,64 ) KROE(NY,1)

FOERMAT (" 0% ,10X,'ICROP=",I2)

WRITE(€,€5 ) YEAE

FOEMAT ("0',35X,'WATER BALANCE (IN CM) IN THE BENCH AREA - 19°',
R [0 e '
2'l ___________________________________________________________ ]
3,'--'/32X, 'INPUTS',38X, 'OUTPUTS ' /21), " —~=——————mmmmmmmmmmmmee '
4, V= Y ARy e e '
5,V =——m—— '/9X, 'MONTH' ,7X,"PRECIPITATION',2X, ' RUNOFF APPLIED',1X

&, ' INTERCEPTICN', 19X, 'PERCOLATICN' ,8X,"'AET",8X, 'CHANGE IN SM!,
74X, 'PACK ")

PACKIN=PACK

PACK=PACK*2.E

DSNCW=EACK-EACKPY

WRITE (€,66) ((BEACCT (I,K) ,K=1,8) ,I=1,13)

FCEMAT (10X,24,3F15.2,15%X,3F15.2,F13.2)

WRITE(6,64 ) KROE {NY,2)

IF (NOCROP(2) .EQ.1) WRITE{&6,&7 ) NCNE(2),NCND(2),NCYEAR(2)
FOEMAT ('OUNKNCWN LATE IS: *,I2,'/',I2,'/',I2)
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WRITE (6,68 ) PACK,DSNOW,WSBRAT

€8 FORMAT (*0',10X,'FACK ON DECEMBER 31 =',F5.2, 14X,
1'CHANGE IN SNOW STORAGE =',F¥5.2, 14X, WATERSHED:BENCH AREA®
2,' BRATIO=',I1,':1')

PACKPY=PACK
PACE=PACKIN
WRITE (€,69 )

69 FOEMAT ('0',10X,'ICROP CODE : 1 = WHEAT PLANTING YEAR'/' ',23X
1,'2 = WHEAT HARVEST YEAR'/' ',23X,'3 = SOKGHUM FALLOW YEAR'/24
2X, '4 = SORGHUM CROP YEAR'/24X,'S = CONTINUCUS GRAIN SORGHUM'/
3v 1,23%,'6 = CCNTINUOUS WHEAT',/24%,'7 = DOUBLE FALLOWS')

1011 CONTINUE

¥da k% | EXIT YERRLY LOOP | ek

——— s . . i S T — T —— ——

5000 STCE

END
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SUMMAEY OF LONG-TERM MODEL RESULTS

(IN CM) IN THE WATERSHEL AREA

105

INPUTS OUTPUTS

SNCW INTER- DEEP ACTIUAL SNOW CHAKGE
YEAR PRECIP MEIT CEBTION RUNOFF EERC ET PACK 1IN SM
1920 70.89 0.00 14.92 6.5 0.16 31735 1.90 10. 04
1821 £0.65 1.90 9.49 €.10 0.10 15.7¢ 0.00 21.18
1922 48.11 0.00 7.89 8.27 1.33 16.56 0.00 11.07
1923 €9.53 0.00 16.3¢ 4.29 0.03 52.22 0.00 - 3.02
1924 42.80 0.00 10. 42 1.65 7.02 16.42 2.45 4.82
1925 36.80 2.45 10.8¢ 1.E5 T.67 23.93 Q.00 = 3.94
1926 29.11 0.00 10.82 0.05 0.02 39.60 0.00 -21.42
1927 47.78 0.00 13.93 1.€2 0.01 18.08 0.25 13.87
1928 54.31 0.25 11.85 4.50 9.24 21.58 0.00 7.00
1929 50.€¢5 0.00 14.20 0.84 0.01 49.53 0.00 -13.9¢
1930 64.95 0.00 10.09 9.24 10.97 17.04 0.00 17.50
19 31 40.84 0.00 9.33 2.98 9.45 21.24 0.89 - 3.05
1932 38.33 0.89 11.26 0.41 0.01 47.82 0.28 =-20.61
1933 4e¢.C8 0.28 10.43 4.89 0.01 12.49 0.00 18.52
1934 21.84 0.00 9.32 0:59 0.01 1€.5¢ 0.00 - 4.62
1935 33.¢0 0.00 9.31 0.27 0.01 4o.74 0.00 -1e.75
1936 30.63 0.00 8.95 2.65 0.01 10.15 0.36 8.49
1937 37.90 C.3¢ 10.37 1.7¢ 0.01 23.58 0.00 2+ 52
1938 46.79 0.00 10. 31 1.50 0.00 48.5¢ 0.00 -13.64
1939 39.C7 0.00 8.€5 3.01 0.00 14.32 2.35 10.71
1940 39.685 2,35 11.40 295 0.00 2z.18 0.00 5.48
1941 77.%8 0.CQ 14.38 13.42 0.01 53.02 2.52 - 5.40
1942 53. .59 «52 10.95 7.06 3.45 1£.73 0.00 18.91
1943 35.18 0.€C0 8.83 S5 7.8¢ 20.34 0.00 - 5.41
1944 73.76 0.00 13.15 8.57 1.03 45.£2 0.00 5.46
1945 50.83 0.00 8.89 4.92 23.00 14.55 0.00 - 0.57
1946 71.42 0.00 10. 22 13.00 27.20 21.25 0.08 - 0.34
1947 42.57 0.08 12.49 0.€8 0.01 be.7¢ 0.15 -17.4¢
1948 £1.69 0.15 11.74 2«31 2.27 17.72 0.38 17.15
1949 €9.34 (.38 13.11 10.50 22.50 27.€¢3 0.00 - 4.02
1950 40.77 0.00 12.12 1.38 0.01 41.22 0.00 -14.01
19¢E1 59.¢C65 0.00 11.83 £.99 9.15 12.92 0.00 18. 14
1922 35.31 0.00 10.81 3.76 372 21.41 0.00 - 4.39
1953 50.11 0.0C0 13.24 2.73 0.01 43.39 0.12 - 9.42
1954 31.65 0.12 8«65 2.01 0.01 13.43 0.76 6.89
19E5 28.47 0.7¢ 9.27 0.3¢ 0.01 19.99 0.00 - 0.39
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WATER ERLANCE (IN CM} IN THE WATERSHED ARERA

INPUTS OUTEDI=
SNCW INTER- CEEP ACTUAL SNOW CHANGE
YEAR PRECIP MELT CEPTION RUNCFF EERC ET PACK IN SM
1956 22.05 0.00 8.60 0.00 0.01 33.24 0.00 -19.384

19E7 73.41 0.C0 13.62 10.€8 3252 18.09 0.05 27.43
1958 57.58 (.05 10. 35 10.27 18.45 22.26 0.00 - 3.70
19E9 43.03 0.0C0 11.7¢€ 0.79 0.00 44.74 0.00 -14.29

1960 55.60 0.00 12.95 5.53 1.80 16.10 0.71 18.52
19€1 47.02 0.71 10.79 4.31 15.18 20.4¢ 0.00 - 3.05
19€2 €3.33 0.00 11. 27 5.36 0.00 £2.88 0.00 - 5.72

19¢€3 45.31 0.GC 8.9¢ €.63 7.0€ 14.30 0.00 8.38
1964 30.56 0.00 7.48 3 52 7.13 186.03 0.00 - 5.63

19¢€5 €9.67 0.0C 12.94 €.45 0.00 47.21 0.00 3.02
1966 36.42 0.400 8.11 2435 10.02 12.33 0.76 2.83
19€7 28.37 0.7¢ 10.92 0.79 1.81 20.43 0.39 - 5.22

1968 48.29 0.39 10. 43 5.60 0.00 41.9€¢ 1.74 -11.07
19€9 4a4.Cc7 1.74 11.53 2.05 0.00 18.57 0.03 13. €0
1970 43.54 0.03 8.89 6.10 9.38 19.7¢ 0.00 - 0.58
1971 45.3% 0.00 11.9¢ 0.7 0.00 49.60 0.00 -1€.87
1972 46.28 0.00 12.27 2.59 0.00 15.82 0.06 15.54

1973 €4.e4 0.06 9.€9 10.24 18.12 23.40 0.97 1.25
1974 43.61 0.97 10.65 4.44 0.00 47.83 0.76 -19.12
1975 £1.€5 0.7¢ 7.00 1376 5.63 9.3¢ 0.00 22: 10
1976 30.12 0.00 8.34 2.41 6.03 17.59 0.00 - 4.33
1977 56.44 0.00 13.58 2.77 0.00 52.78 0.00 -12.97
1978 39.47 0.00 8.24 3.29 0.00 12.21 0.05 15.65

TOTAL 2808.81 17.9€ €40.19 2¢61.84 251.43 1€09.47 18.01 41.95

AVE 47.61 0.30 10.85 4.44 4.26 27.28 0.31 0.71
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ABSTRACT

Fallowing of lard in western Kansas is a proven technique
to increase sc¢il noisture for subsegquent crops. The typical
fallow period is 1% months and, currently, akcut 30 percent of
the precipitaticn that falls during the fallow period is stored
in the rooting zZcne for subsequent use. This amcunt of water,
however, is not enough to produce significaant grcundwater
recharge. The develcped idea presented here is to lengthen the
fallow period <from 15 months tc 27 moanths, which is called
double fallow, =mcre water would be available to increase soil
moisture., It could greatly increase the probability of exceeding
the moisture holding capacity of soil 1in the rooting =zone and
drainage of water kelow the rcoting 2one, and ultimately to the

underlying aquifer, under this conditicon would ke possible.

Tte purtoses of this study were to: 1. verify the concept
of doutle fallow through a field experiment to determine the
fallow efficiency and whether movement of socil water below
rooting =zone would result. 2. design a computer model to
sinmulate s0il moisture storage and movement. 3. design and
modify a continuous water bkudget model to simulate conditioms
during wheat double fallcw and use this model to assess the
groundvwater recharge potential. These rurposes were achieved by
conducting a field experiment at Colkty, Kansas, to obtain the
necessary soil infcrmation and daily metecrological data;

calibrating a short-term water bhudget mcdel with the field data;



and running a long-term continucus water budget model using the
historical weather records for the period 1920 to 1978 and the

same scil data measured from the field experiment.

Frem the results of field exreriment, 34.7 percent fallow
efficiency and 10.4 cm of drainage Lkelow 2.5 m were measured.
The 1lcng-term mcdel showed an average 3t rpercent fallow
efficiency and an average of 4.3 c¢m of potential recharge per
year. The amount of recharge would be sigpnificant if compared
with aimost nc recharge under current fallcw pratices and
considerd from a long-term point of view. So, the conclusion of
this —research is : for better fprotection of grcundwater
resources in western Kansas, wheat-double fallow is one feasible

method and should be favorably furthered.





