LEGIBILITY NOTICE

A major purpose of the Technl-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal
state and local governments.

Although a smali portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
- research discussed herein.

1



LA-UR -87-1526 WL’, @oTsg -7

Los Alamas Nauoral Laboratory 18 operated by the University of Cablornia tor the Unied States Dapariment of Energy under contract W-T405-ENG-)8

LA-UR--87-1526
DE87 010104

TTLE. HYDRO OGIC MODECLING OF SOIL WATER STORAGLE IN LANDFILL
COVEIL LYSTEMS

AUTHOR(S):  Fairley J. Darnes
John O Rodagers

suBmITTED TO  I'rocerdings ol the Internatinnal Canference on Measurement  of
Sotl and PLhnt Water Status, Utah State University
I ogan, thiah
July =10, 1947

DISCLAIMER

This repurt was prepared ax an account of work sponsored by an agency of the United States
Government.  Neither the United States (Giovernment nor any agency thereof, nor any of their
cmployees, mukex any warcanty, expreas or implied, or ussumies any lepal lahility or responal-
Yility for the accuracy, completeness, or uncfulne-s of any information, apparatus, product, or
provess disclosed, or represents that itx use would nu. infringe privately owned rights. Refer-
ence herein to any specific commercinl product, proces, of service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
memlution, or fuvoring by the United Stales Government or any agency thereol, The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency therenf,

DBy accaptance of this srtich, The publinhe: racognizes that the 1) S Governmaent retaina @ nonasciusive, royaity-trea license to publish of reproduce
the published form al (his coninbution of (o aliow others 10 do so, for US Govarnment purposes

The | 08 Alamos Nalional Laboratiny rwpuesis (hat the publishar denlily 1his article ay work parfurmad under the auspices of tha U § Depariment of Energy

L@S A @| ﬁﬁ ]@ Los Alamos National Laboratory
Los Alamos,New Mexico 87545

3t MR DISTRIBUTION OF THIS DOCUMENT I8 UNLIMITED


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


IYNDROIOGIC MODELING OF SOIL. WATFR STORAGE IN LANDFILL COVER SYSTEMS

Fairley J. Narnes and John C. Rodrers
Environmental Science Group., lLes Alamos National laboratery,
Los Alamas, NM S75:15

ABSTRACT

The accuracy of modeling soll water storage hy two
hydrologic models. CREAMS and 1[FLP, was tested by
"comparing simulation resules with [leld
measurements of soil moisture in eigght
experimental landfill cover systems having 2 range
of well-defined soil profiles and vegerative
covers. Regression analysis showed that (REAMS
generaily represented soil moisture more
accurately than HELP simulations. Soil profiles
that more closcly resembled natural agricultural
s0ils were more accurarely modeled tlan hipghly
artificial layered soil profiles. Precautions for
determining parameter values for model input and
for interpreting simulation results are discussed.

INTRODUCTION

Hydrologie models are frequently used to estimite
or predict wnter balance components in

agricul tural and rangeland watersheds (Lane and
Stone 1983, lune et al. 1984, [ane and Ixirnes
1987). or to nid in dodigning reclamation projects
for surface mining or landfill operitions
(Ikikomson et nl. 1082, Nyhan et al. 1951). The
choice of a model depends on the specific need,
the data avallable, and the perceived accuracy of
the simulation results,  Comparisons bhetween
models for a wilde rane of site condditions, amd
tests of the accuracy of the simulated results are
necessiary for an informed choice. Few such
stiglies on commonly used modals have hoen
presented,

In this study, the USPA model CREAMS (Knisel 1050)
and the FI'A model HELDP (Schroeder et al. 198 3)
were used to similate soil water storgge in eipht
experimental landfill cover systems over a
two-year nerlod,  hese models are widely used in
the muvizement of agricyltural Lands and hazardons
winie landfill systems,  The methods of
prameterizimg the modely are discussed.  Fleld
dnta on sotl mofsture pad vereration leaf area
indives are presented for the vartous cover
treatmentys,  Soll molsoee valuey predicued by
rach model are compared with fleld data, ad the
nceurney of each aole b oassessed.  CREANS and 1LY
are conpared with reupeect (o the accuracy ol
predictml nobl water storape,

HACRGROUND

e CREAMS model (o Fleld Seale Moel for
Chemteals, Runotf, and Trowton trom Auriealtaral
Matwement Syutems) wan doveloped aad pntemded far
model iy Fiebd neale avrlealtural avstemy (Ensel
19650) . The eudet hivs been aued in weveral areas
of winte mpnrement research Tnosemt oartd
elimates, tnebading croston stidies (Behan o
Tnne 'Y, water halanes and primaey product ton
of deserer duaubs (Tane er al 1984) g TandCi
cover dedten (Hakanson et al, 19820 Nyban et oal
[1%:4) Both ¢ REAMS avnd HETE haave heen teqted (oo

MASTER

limited way with respect to percolation of water
below a surface rooting zone, but not in any
derail with respect to the effects of native plant
cover on soil wnter stornge.

CREAMS was used in the daily rainfall-runoff mode
to obtain a complete water budget (estimates of
runoff. evapotranspiration. percolation and
soil-water storage, or water content i{n the soil
column to the depth of the ruoting zone) on each
day that there was i precipiration event: using
the simplified water bhalanze equation:

|
-
1

Q-ET-L (1)

where ds/dt = time rate of change in soil
moisture, P = precipitation, Q = runoff, ET =
evapotranspirntion, and . = seepage or
percolation. Monthly and annual wi *er budgets ore
also obtained. The model is one-dimensional,
calculating the process of vertical transport of
water in the soil column using a seven layer
representation of the profile from the suriace
extending through the rooting zone of the
vegetative cover. Initial responses to
precipitation are calculated on a daily time-step
using a modification of the Soil Conservation
Service ($CS) curve number mexlel (Knisel 1980).

An alternative model, HELP (llydrologic Evaluation
of Landfill Performince) is presented as belng
directly opplicable to most landftll designs. In
contrast to the purely one-dimensionnl character
ol CREAMS, the HELDP model permits
quasi-two-dimensionnl (l.c., not true

two-dimens fonnl ) modeling of soil water movement
by including lateral flow similation {n drainge
lanyers. Preciptitation inputs nre modelod
one-dimensionnlly down to the depth of laternl
drajinnge layers or impermeable membranes liners.
lateral Mlow out of drainage lavers s trented
weparittely.,  The (nffltration routine {8 similar
to that uked in (REAMS, and there are changes
(claimed to be improvements) in the treatment of
percolntion amnl evapotranspiration,  The model is
interactive nad user-lriendly, with default
climitice and soily data avatlable for miny regions
In the U, 8, Defanlt estimnted segetatlon diva iy
alno avatlable to the user,  Alternatively, the
user enn specily parameter values speeifie to the
site betng modeled,

Both models vequire data on sotl charneteristiey,
seasmnitl vegetatfon characteristics aml sotl eo or
desion as fnpat, Monthiy mean tempeiatyres, mean
monthly solar vadiation vivlues, and datay
precipiration inpatya arve also regqutred,

MATERTALS AND Y0NS
The study area was o cloned low - level radloactive

witste disponal sobte (CArea 1) Toeated nt Tox
Alamow Natjonnd Laboratory fn noeth central How
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Mexico. Arca B (fig. 1) has o yeneral ly uniform
D% slope ard southeast aspect. Remediation
treatment in 1982 resulted In three distinet soil
profiles being installed across the site (east,
west and cobble-gravel).  Eight experimental plots
were established on the site, distribnted on the
three soil prafiles as shown in Figure 1. The
topsoil used in the construction of the Area B
landf11] cover remedial treatment is o Jocal
Hackroy sandy clny leam (Nyhan et al. 19/8). The
crushed Handelier tuff us~l as an overburden 1o
the waste material cau be clussified as a sandy
loam. East and west control profiles differ in
the amount of sandy clay leam in the prefile. The
west profile is more typical of landfili covers at
Los Alamos, having about 15 em of top soil over 85
cm of crushed tuff. The east profile has a much
higher amount of top seil (sandy clay loam) mixed
into the profile as a result of reconstruction in
1982, and thus the east snil profiles have
signiticwntly higher witer holding capacity than
the west soil profile. The "bioharrier” profile
has a layer of cabble and gravel {(as a barrier to
capillary moisture flow and hiointrusion) overlain
by 45 ¢m of crushed tuff and |5 em of topsoil.

Fach plot was % by 24 m () by 80 ft), oriented
parallel to the slope.  The vepetative cover
treatments included hare, jrrass and shrub covers
{(Table 1), The "hare” treaiment was weeded
frequently to remove all standing live vegetation,
resulting in a vartahle veretative cover during
the summer months. ‘The priass covers were weeded
to remove torbs and seedlaing shrubs.  Shrub
plantines of rabbithrush (Chrysathamnis nauseosas
subsp, lavdsguamens (Cray) H KC0) were
established mn sk ave two densities: dt‘n.'-r' at
Do plantszn®, and aparse ar 0013 plants/m®”,
These covers were weeded 1o remove eeiasses and
forbs

CONTROL

Table |. Plot numbers for each cover and soil profile
Lreatment_ar Los Alamos_Area B site.

Sol] Profile

East West
_... Control Control Rioharrier

Cover Treatment

Bare 2 13
grass/forbs 4 12
rabbitbrush, dense R] 11 7
rabbi thrush, sparse 10

Throughout the year, soil moisture distribution
with depth was measured with a neutron mo.sture
probe (Campbell Pacific Nuclear Corp. Model 503,
I’acheco, CA) via access tubes nt three or four
locations per plot. The measurement frequency was
not jyrreat enouj.h to follow cach precipitation
event and thus data represent averiage trends in
soll moisture.

Plant Parameters

llydrologic models require estimates of leaf cren
{ndex (lAI) nnd roo’ing depth as input for
canlculating utilization of soil moisture by the
vegetintive cover. LAl data are commonly nvallable
only for crop species or grass covers. In order
to extend CREAMS and IFLP madeling strategies to
native plant covers. it wni necessary to develop
nondestructive methods that allowed frequent
estimates of LAl during the year without
disturbing the vegetative cover on. the plots.

Shrubs

A regression velationshiy was developed
“relating shrub crown dimensions and erown volume
cto toial shrub biomss and total crown leal aren.
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Kabbi thrush shrubs of various si1ves were
harvested, hoth on the experiment site rom areas
planted specifically for harvest purposes, and
from naturally occurring stands in other areas on
Los Alamos National 1aboratory lands. Prior ta
harvest. crown dimensions (crown height, greatest
diameter I}, and diamcter D, perpendicular to l)l)
were measured 1o the nearest cm.  Three subsamp | e
of actively pgrowing twivs were taken from the
crown, and the rest of the crown wias separated
into actively growineg leaves and twiys (current
season), and secondary {older) twigs and brancles.

P

The subsamples were separated jnto leaves and
twigy and projected nrea of each portion
determined using a leaf area meter (L.I-CDR. Inc. .,
Model 3050, Lincoln, NE). The subsamples and the
rest of the shrubs crown portions were then dried
at 4t for 48 h.__)nnd welphed.  Speeific leaf
mass, SIM (pm oem ©), was caleulated for each
subsample, the mean computed for ench shrub
harvested and an overall mean computed for all
shrubs sampled (Table 2). The dry leaf miss as o
froctlen of dry mass of current growth was
determined and tatal ecrown leaf aren estimited for
each shrub.  Several regression models relating
crown biomass and leafl area to crown volume and
crown dimensions were used,  Tests showed that the
hiphest correlation corfiicients were obtained
using sphertcal crown volume as the independent
variable of cerown architecture in the regression
models (Fiyr. 2).

[ablee 2 Mean values, standacd error (SUFL)
At sample wise (n) ol specrtic Tear mass (SIM,
wZem’ ) and leal mass s nereent of tatal ahoyve
wronnd biromwes (1M, %) tor rabbithrosh and
mised i

Mean
——— e ¥abue S¥ o
rithbh i theash
SEM 0.t 0.0y A
M G 0,00 A
mixed e
SEM [SIRANN I O] [

iy ey tory

Using the relnttonshipys developed, tornl hiomsy
and leaf nrea tndices were periodieally entimited
for the ploty with rabbithrash cover.  Shruab
individoads were randomly welected on each plot,
and the eanopy dimensions recorded. A mean
spherienl erawn volume for the plot was computed,
and blomass and Jeal area index estimuted s g
the revression relatyonahips and planting
densities,

Revprescsion relationhiips were deyve loped
hetween yisuadly ecovimured percent cover ool toral
abovertonnd dry htomass on the boere el mised
vrans plots an tollows,  hoeach somplone e,
meadrats (2o 0 em) owere Laid one tandomly on

cach plot,  dthe Jovation. were selected wo an o
sample aver the tatee ol e canopy cover on the
sttt for ench ||||.-u|| at, the percentave of eronnd

covered by the grass eanopy was estimated (percent
cover).,  All standing biomiss in the quadrat was
clipped and hageed. and taken to the laboratnry
for sorving.  Each sample was separated into green
leal, green svem, and standing dead fractions.
"rojected area was mensured an the green
fractions. All fractions were dried at 75°C for
A8 L, and then weirhed. Biomass per unit ground
aren, leaf biomiss as a fraction of total biomass
(I8) and specafic leaf miss (SIM, or mass of dry
leal per unit leaf @rea) were determined for each
quadrat «<ample.

RABBITBRUSH BIOMASS VS. VOLUME

SHRUB BIOMASS (g)

™

50

28

B % % % % >
SHRUB VOLUME (m" x 10%)

I'imire 2. Relattonship between crown solume nnd
total aboveground biomass of rabbitbrush,

Several regression relatlionships betweer blomssy
and percent cover were developed and tested for
the effect of time of luirvest, plot location, or
vepetittive cover, Statistieal annlysis showed
that effects of vegetative cover (hare versus
wrasy) and ploc loentiony were pot signiftcant,
Netther time of harvest, vegetative cover, hor
plot Jecation hadd a styntficant effect on the
overall SIM or [, Time of harvest lnd o
stenificant effect nnd ditn were amnlyzed by month
to pive four linear regression equationy.  In the
final nnalysis, 1t wis found that use of the
monthly repression cquations had on tnsipnt feant
etlect on actund TAL estimites for each plot, and
in the followtme donensston, the overall 1near
recression equation was used (T, ), o
estimite the chanees (o LA durtng the growing

. percent cover wins ostimated on o each o of o
werges of efther 50 ar 10O randomly plivesd
wravdentys an ench plat. The overnl ] resressabon
et fon with aned 1o estimte averaee torml
bromass, and LR amd SIM used to ealeulate 1AL

Modeling Studies

The moded g stadies were condaeced In two phinwes .
Intrially, o sertes of CREAMS wimulattons were
condue tedl to optimtze vadues o hydralopte soll
patametery, Secandly, CREAMS and TP simu b fone
wrre conduectol on all experimental seenarios us e



the ontimized parameters and, for HLLP only, vaans
the model’s default values.

MIXED GRASS BIOMASS VS. COVER

y=-12+055¢«x
r =068

% COVER
Fimm=. . Relationship between canopy cover and

totl aboverround hiomass of mixed grasses at Area
.

[ane (i981) gives o rance of possible values for
each so.l parameter required for CREAMY (saturated
hydraulic conductivity, bire sofl evaporatian,
porosity, fleld eapacity and wilvimg poant).  The
optimum values were chosen by initially condaeting,
i series ol simlations to explore the capmability
of 1the wutdels to reproduce observed profile-
averaged soll moisture trends from 'S o 1985 on
the west eontrol plor 11 which had o dense
rabbithrash cover, a standard Inndlf 4D cover sofl
profile. and a two-vear record of soll noistyre
measurements prior to the start of the soady
{(Nyhan et al. 19856),

The sie stracture and (nttinltzation ot the
model wits established awine, known site speeifie
data, netunl datly precaipitation totals lor
IDS3-1985, and 20 vear averares of adr temperature
nnd solar radirtion tor fos Alamad. TAD (0 1980
and 194 wny estimated so s to agree with
nhserved senyonal ity In wrawth patterns nnd 1AL
levels nttatned by her ey eons weeds o (94, lor
1%, estimvtes of 1AL were haxed on Veld
meansirements oh shrabs and herbaeeons weeds
Inwtead ol ustir recammended vadues tor notl
hydrolovie parometers ol the appropriate sotl
texture clannes reprtesented on our wite (Kutnsel
') Joane I'yb, Schroedey e ol PPsed), several
simbations tested the cirect ol varvine the
parameters over the teported caneges on predfeted
averace sobl mngature contep!

Lirat, sitverace value, o0 cottinin sotl parameters
{turated byt valte condue taviry, Dyeld capaeity
and wilvomer poir ) were weed e recommended by
Lavnes (%) and Sehroeder et ad o (1) for the
soll texigre lasaes repiecented fn the plon 1
wotl profile Secotw], the ramprey sipested Lor

the soil texture classes (Lane 1984) were tested.
Third, the effect of using the measured saturated
hvdraulic conductivities of the specific soils on
the site (Abeele 1984) was tested. Finally. after
determining which parameter values mximized the
fit between abserved and predicted retention and
driainyze of s0il water, the curve number was
adjusted to obtain the best possible
representation of infiltration of precipitation
from summer storm events.

The performunce of CREAMS in predicting soil
moisture on plot 1! at Area B was assessed at each
step. The observed field values were avernged
over three measurement depths (20, 40 and GO cm)
and over four locations on the plot to give one
mean soil moisture value for each measurement
time. Best fit of the predicted to the observed
soil moisture patterns was nssessed by the
standard technique of regression nnalysis wigh aim
of miximizing the correination coefficient (r”) nnd
optimizing the slope and intercept of the
regression line to appreach the equal value line
(Mathak et al. 1984). The parameters that
produced the optimum CPFAMS simulation (summarized
in Table 3) were the minimum saturated hydravlie
conductivity of uny layer (RC=2.5 x 10 % ws for
lHackroy sandy clay loam); and the nverage field
capacity (19%) and average wilting point (6Z) for
sandy loam, The curve number usecd for the S(S
representation of Infiltration and runoff was 95,
which results {n 95% of precipitation becoming
runcff,. nnd HX infiltrating into the soil profile,
These same parweters were used to initialize a 3
year simulation of plot 11 data using the HELP

model (version 1),

Table 3. Optimized parometers for (REAMS simulation
of soil water storage on piot 11

Soils: 0 to 15 em, Sody elay loam (S01))
16 to 7 em, Sandy loam (S1))

Rootiw, Depth: (G em (30 in)
SN curve number: 05

Slope:  LX

Arent 040 ha (1 nere)

Soll Myrametery:
“aturnted bydelie conductivity:

SCL 2 x 10 mZs (0004 in/hr)

Poroufry. S, 0,46
T PR S I [ 1}

S0
Slooom

Field eapaetty:

Wilting, point: SO 0.1
."'- 0oy

The opt gmum € REAMS simulat ton and tne
correspondimg HETE sgmalatfon o well as obuerved
field divty aore shown in Fipure (b, When the
predicted nnd obuerved sofl motsture were compared



AVFRAGE SOIL WATLR (emu‘cm)
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DATE (YEAR QUARTER)

Fijure 4. Observed average sotl moisture (20, -10
and G0 em depths) and average soil molsture
predicted by CREAMS and HELP simulation of plot 11
scenario [YS3-1985,

point for point by recression analysis, large
dilferences (under or over-predictions) were
obhserved (Fiyz. o). Usimz the correlation
coctficient as a measure ol overall poodiness of
fit, only a portion of the variation in soil
moisture 14 explainable by the alporithms in the
mode s (29% for (\FAMS, 404 Tor HELEP). This
implies that a larpe praportion of the variability
1 st ]l moisture results {rom processes either
poorly represented or absert in the models.  In
both madels, water transport trom the surface zone
{2 ta o em) to the layvers below f49 a simple power
funcoion of soil wiater storage in the surfnce

sone.  Percolation below the rooting depth does
not ocear unless storaee plus inflow exceeds fleld
capacity.  These simplilieations of the sofl

hvdrolorle system, which undonbteday contribate
the reduced accuracy of predictions op o daily
timesatep basis, miy be less tmportant iF monthly
or quarterly totalys of water halance compunents
are used to ansess podel pertormnee. Tt ois very
clear from both Fleures o8 and O that HETE progsly

CREAMS

PQUAL VALLUEY LINE ——

o
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RE o, o)

Y=0I o 0.n0)
ool

oo} ./"

&

=T
—

FEEZZTTED SCLL MC!
L ]

o .
010 (1) 0.1 i8] 1K /]
OIRENVED (UL MOISTURE (e 1)

underestimites average soil moisture ta the deprh
of the rootinrg zone throushoutr the 3 year
simulations. This is due in part to the
apparent ly excessive ET estimates predicted by
HELI" which result in soil moisture depletion to a
very low level.

RISULTS AND DISCUSSTON
Leaf Area Indices

The estimited 1Al value for 1985 and 198G are
summariced in figure 6. The high spring rains of
1985 resulted in a dense growth of cool scason
grasses and forbs on all plots. After weeding in
June 1985, [Al dropped and from that time, the
plots were kept weeded as much as possible. In
those cases where cover was not measured directly
af ter weeding, a Al value of 0.0] on the hare
plots was assigned ro the postweeding date.

Shrub 1Al was not very different between the three
densely planted plots by the end of 1986 (0.G8 to
0.78). Plot 10, with 1/5 the density of shrubs,
had about 1/3 the LAL of the densely planted
plors, nnd a larger average siz>» per individunl,

Soll Moisture

Differences {n rnoil moisture retention by the
three proliles cnn be seen by comparing nverage
soll moiswure (20-GO em depths) on plots with
similar vogretative covers (fig. 7). Under all
three vegetative covers (bare. grass and denss
shrubs) it s readily apparent that the ecast
profile (high percent sandy clay loam) retained
more soil moisture throughout the year than the
west profile which {8 predominantly erushed tulf
overlain with a thin lnyer of sandy clay loam
topsoii. The cobble-gravel profile was
consistently drier than either the ecast or west
profile. This wns most likely dur to lateral
druinnge of soil moisture above the gravel layer
ns well ns to more complete water extracton hy
the plant roots in the shnllower soil profile
above the cobble-gravel lnyer,

HELP
Bom | TRUAL VALLIFS LINE

(1314 oln [{K+] 05 [ K ]
OLESFRVED H0f, MOISTURE (emydan)

Fivyne o Recresapon relationships betwenn observed ot motsoure and sotl
motsture predicted by CREAMS apd HETP sty the plar 1D soetarfo, JOsy 10y,
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Fiwure 6.
difference between graph).

The effect of vegerative cover con be nssessed by
comparing plots with similar soil profiles (fiuv.
S). In both the comparisons, seoil moisture was
lowest beneath a shrub vecetative cover. On the
cast plots, it is also apparent that in the
proflle under the shrub cever soil me.sture
started to decrease in May 1985 when the
temperiture had risen and the plants started to
praow actively and thus transpire water actively.

This derrease in soil moisture continued throneh
Seprembrere 198, with the result that avernee soil
moisture was about 274 the values measured on the
grass and bare plots.  Althourh soil moisture
increased on all plots with spring snow melt and
aidn with summer pivins in 1956, the soil moisture
on the shrub prots never recharged to the levels
nbserved on vrass and bare plors, Spring

precipitation levels were hicher than usaal in

lLeaf area indices estimited on plots in 1985 and 1986 {(note scale

exceptionnlly high rainfall. September through
November had hicher than normal rainfall, and soil
wiater reclurye is apparent in most plots.

At the end of the 1986 growing scuson, soil
moisture on shrub plots was several percent (by
volume) below grass and bare treatments. The soil
moisture averages are for the 20, 10 and 60 cm
measurement depths. Since the neutron moisture
probe has a measurement sphere-of-influcnece of up

to 20 cm rndjus in soil, a conservative estimate
is thnt the nverage of the three measurements
represents O to 70 em of soil depth. Uding this
soil depth, the total sofl water stornge was
calevlated nt the approximate start and end of the
wrowing seasons for 1985 and 198G, The
differences between the treatments on the east
cantrnl profile sugrest that after 2 years, ET
tfrom the shrub cover resulted in G.f) cm less water

(?htilroTu:(lpu in T V:rvlhqu):P" ;T'"r CTHL?”LF stored in the shrub sofl profile than in the bare
on plots in varly Sprime 1950, nter 1985-56 le, 1 3.6 em leoss t than in the grass
wirs alsodrier than usul and the genereal downward 'I:::“l:' u.:'(lmill:r”:rn:;: ::r:rlmtrd on the west
tremd an sofl water storaee continued until the plots. ' ) ’
summer monsoon ralns bepan in 198G, June had :
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Predi{ction of Soil Moiswure

The overall predietive power of each model was
tested by assessing whint percentivre of the
vartability in the observed data was explained by
model predictions in two vear simulations on all
snilZvercetiation camhinations.,  For CREAMS runs,
the optimized paramater values Jor sorl hvdrolorie
properties were used.  For HEDP rns, sinmiations
were first performed using the CREAMS optimized
values, and then repeated using the defonlt values
supplierd by the HELP model.  Fach plov had sotl
profiles with varying percentiwes of sandy clay
loam and sandy louam soils.  For each plot, profile
vitlues for hyd olopgie paramerers were calculated
ay weirhted nverages of the optimam field
caprcities and wilting ponints already determined.
The drivimes vaviable was 1950 and 19856 dafly
precipttation totnls,  The firer fleld measurement
of 195 was used to intrialize profile soil
moisture in CREAMS simulations, AL datn specifice
for each plov was used (i, G),
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W) s g e e N

AREA B WEST CONTROL PLOTS

as
30—<
3 '
E %7 -‘\/j
; W
g ao-] s
o BARE
& GRASS
571 o sHRUBIX
e SHRUB 5X
10 =~z 3 T2 3
1985 1968

DATE (YEAR/QUARTER)

10 and G0 cm depths) on east and west

The overnll predictive power of each model was
assessed by a linear regressinn analysii of
predicted versus observed averoge soil moisture
over all plots (fig. 9). For the CRFEAMS model.
the values are well clustered about the ecqual
vilues line. The variability is high, and only
G2% of the variwability in the observed soil
moisture values ts explained by the alyorithms of
the mudel. Nonethelesys, ovver a wide diversity of
sai]l profiles and plant covers, the model predicty
s01] molsture with aceeptable accurncy.

In contrast, the overall recressions of the IFLP
predicted soil meisture values shows that neither
the (REAMS optimized soll parameters nor the
default soil parameters gave acceptable ~satimates
orf soil moisture.  The (RFAMS-optimized »arameters
redulted in excessively low cstimates of soil
moisture regardless of precipitation events. The
use of detfault viluey for parameters rindsed the
averawe level of predicted soil motsture, but
there wias still o serions lnck of correspondence
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between observed and predicted soil moisture, as
suczested by the small slope of the rerression
line 10.33). The range of soil moisture was
severely restricted compared to observed values,
with HELP underestimating soil moisture when ticld
soll moisture was hizh, and averestimating
moisture when fiecld soil moisture was actually
low. It is noteworthy that HELP did not allow
soil moisture to decrease below about 1%,
reyrardless of the profile composition or the time
since precipitation. In addition, soil water
recharge was significantly below what was actually
ohserved in the field. The necessity for |
considering the correlation coefficient (r®). the
siope and the intercept of the regression line,
and the proximity of the line to the equal values
lne in evaluating the model predictions can be
seen by comparing ihe two IELP regressions.  The
optimized vilues produced a regression with n
higher overall correlation coefficient (rZ = 0.07)
and a lower intercept value (bath indicative of
zood fit), but had lower slope than the regression
of default parameter runs. In addirtion,
inspection of the regression plot shows that the
predicted values are far fron the equal values
line. and that the higher correlation coelficient
is the result of some model-produced extreme
restriction of the range of values produced.

The simuilarion results were analyzed by plot, and
in addition, the plots were grouped In various
wavs in an attempt 1o detect rrends berween (REAMS
and HELP, or between the varinous treawments (lable
4). With CREAMS there was little difference
bhetween, the ability of the model to predict soil
water on bare plots as compared to shrub plots.
The vrass plots were more poorly represenied
having regressions with hicher intercepts. lower

"
slopes, nand lower r” values than the shrub or hare
plot simulations. The east plots as a group were

very well represented by CREAMS with higher rz.
slope close to one. and intercept close to zero.
In contrast, the west plaots were quite poorly
represented.  These results are similar to those
obtained with HELDP in which bare plots were the
best represented, [ollowed by shrub plots, and
with grass plots being the most puorly
represented.  Again, with HELP, the east plots
were better represeated than the west plots.

These resiults siupereyt severnl areas of research
which would be Trultful to parsue.  The west plots
have o more clearly soratifien soil profile,
consisting of crushed tufl and o thin layer of top
soi . lhis combination in no way represents o
natural soil. The erushed tefl is a
finelv-ground, sterile, compacted laver, which
does not support vignrous plant grrowth,
Presumibly, plant roogs do not peonetrate this
Inyer well, The topuoil layer (s eastly erodible,
and there 1s a sharp boundary hetween the lavers.
Ahrupt discontimiities in the soll prorfile will
posaibly result (n nteral Tlow of subsurfiacee
water.  Such processey are not aceounted for by
either model,  In contrast, the east plots
nenerally had moch more tap sl dn the profile,
and more elosely resembied aercultural soils, It
wonld be advantareous to exomine the hvdrologie
properties ol constructed, artificial sorl

profiles in preater detail. Neither CREAMS nor
HELT' is likely to be able to represent the
movement of water in constructed profiles without
more accurate assessment of soil properties and
better representation in the madels of water
extraction processes by plante.

With respect to the vecetative cover, the Al
cstimites on shrub and bare covers were more
accuriate than on the grass covers. Field
mensurements on urass covers were found to have
high errors associnted with them, even after
doubling the number of samples from 50 to 100.
Mcthods of estimating LAl are tedious,
time-consuming, and relatively {naccurate, and
there are few data published in the literature.
Development of relationships between LAI and
easily measured parameters (e.g canopy cover) for
individual species are needed. For grasses. the
need is obvious,

Previeus tests of CREAMS modeling of soil water
storaze ([levaurs 198Y) showed that the epccuracy of
predictions of soll water storage decreased with
the fleld senle of the study and with increasing
artificiality of the soil profile. Similar
cunclusions were reached by Pathak et al. (1981)
who found that agreement between observed and
simulated runoff decreased as watershed size and
soil heterogeniety increased. Both these studies
reported correlatlon coefficients of the
regression relationship between observed and
predicted parameter values of 0.21 to 0.76,
similar to the range in this study. In addition.
the slopes of the regression lines were from 0.91
to 0.49 (Pathak et al. 1981) and 0.16 to 0.22
(Devaurs 1985). indicating that the tendency of
CREAMS to underestimate the dynamic range in
seasonal soil water storage is also reflected in
an underestimate of the range ol runoff volumes.

The wide range in r2 values and regression line
slopes reported in these studies and the present
study (Table 4) shows that the absolute values of
predicrfed water balance components my be anccurate
only under certain conditions, such as relative
uniformity of soils and slopes.

SUMMARY AND OONCLUSIONS

Simulations of the different sccnarios were made
using the CREAMS and ITLP models. Parameter
values for soll hydrologic characteristicy were
optimized using data for a shrub plot for which
there was o four-year record of soil moisture (two
years prior to the start of the experiment plus
two years during this swudy).  Opuimization was
performed by varying values «ithin recommended
ranges for hydraulie conductivity, field capacity,
wilting point and curve number and then performing
a linear repression nnalysis between observed nnd
predicted soll molsture over o three year period.
I'he process was repesuied until it was apparent
which combination of parameter values resulted in
the hirhest correlation cocfficlent (indicating
the least amount of scatter in values), the slope
ol recressfon line closest to 1.0 (Indicating o
dynomic ranee in predicted vidlues that moye
closely approximates the variabliity observed in
the ficld) and an intercept closest to 0.0
{(indicating an absolure value of soll moisture



Table 1.

Linear revression relationships (v o=

it + bx) bewween observed soil

moisture (x} and predicted soil moisture (v) ebtained from simulations of plot
scenarios using (1) CREAMS with optimized parameters, (2) HELP with deiault
parameters and (3) HELP with optimized paramelers,

(1) CREAMS

(1) EFLP (optimized)

(2) HELP (defaunlr)

. e
Plot Qi b r” i h r’ i b r~

2-Bare 12.04 0.5% 0.61  5.93 058 0.42 0.68 0.50 0.50
3-Shrub' -3.04 1,09 0.62  11.00 0.47 0.63  10.20 0.18 0.29
1-Grass 11.90 0.5 0.72 1136 0,40 ¢.25 6.03 0.32 0.27
7-Shrub-Cobb!. 2 9.63 0.42 0.50 13.77 0.17 0.33 §.06 0.15 0.6
10-Sparse Shrub® 17.30 0.32 0.62  17.87 0,11 0.13 9.56 0.11 0.37
11-Shrub .13 0.2 061 15.66 0.3 0.26 5.38 0.20 0.l
12-Crass 20,19 0.27 0.65  15.85 0.2 026 $.15 0.20 0.4l
13-Bure 22,07 0.10 0.4 10.% 0 00m 0006 S.03 0.11 0,16
all plots G.43 0.73 0.6 1247 0.1 0.39 707 0,25 0.51
cast plots’ -1.73 106 0.7l 1336 0.3 0,36 9.1 0.0 0.96
west plots’ 13,12 0.6 030 16.85 0.14 0.05 9.01 0.15 0.23
shrub plots® 6.96 0.66 0.6 1240 035 0.48  7.46 0.23 0.50
grass plots' 20.52 0.24 0.45 14.57 0.29 0.31 6.65 0.2 0.48
bare plats’ 8.91 0.69 V.56 -1.39 0.79 0.58 1.28 0.45 0.56

1. . 2 2 - .2
Shrub density 2,15 planits/m™: “shrub density 2.15 plants/m™ over a

soil profile

EI
with a cobble-uravel profile; ‘.-;hruh density 0.43 plants/m™; lT"lors 2, 3. L

Clots 10, 1L 12, 13 UPlos 3,10,

1l

"Mots 1, 12; Sl'lnls 2,13

values most closely resembling the abserved
values).

The optimizaction exereise mide it veiy obvious
that values for these parameters derived from
laboratory studles may be very different irom
values in the liecld. In addition. the process of
constructing a landfil] cover may greatly change
the effective value of such parameters compared to
values for solls under more natural conditions.
As noted by linrtley (19841). the accuracy of a
simulation result depends on the precision with
which the par meters can be evaluated. Field
evaluation of soil hydrologic parameters would
greatly increase the absolute accuracy of the
modeling results,

Simulations of all treatment scenarios were
performed for a1 two year period with CREAMS (usine
optimized soil paramerers), and with HELP (using
optimized soil parameter values and also mrain
using the defnult parameter vilues as supplied by
the lIELP model).  Predictions of soil moisture
using the CRFAMS model more closely resembled the
measured soll moisture over o range of soil and
vegetation treatments than predictions obtadned
using the MIELP model usinmz either ser of sotl
parameter values.  The HELP made]l produced
predicted values (or soll moisture closer to
observed values when defanlt sorl paeameter vidlues
were ased thin when usimg the CREAMS-optimized
varlues.

Simulations of the cast proflile treatments were
more accurate than those of the west profile
treatments. This may be becnuse the east profiles
more closcly resembled a natural soll profile than
the west profiles. Treatments with shrub or bare
covers were more accurately modeled than
trentments with grass covers.

The CREAMS model should be used with several
precautions. Actual values for soil hydrologic
parameters will undoubtedly produce better results
than values assumed on the hasis of sol] texture
class. However, the use of approximate values mny
still produce useful comparisons between different
land munagement scenarios, and may well indicate
with good accurncy the relative results of design
scenarios.
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