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Abstract

Runoff hydrographs from 3 separate rainfall simulation runs

at 11 different shortgrass prairie sites were evaluated to deter

mine the hydrologic similarity within a single ecosystem at wide

ly separated sites. There were no consistent patterns in the equi

librium runoff among sites and simulator runs. When the sites

were stratified by soil type, there were differences in time-to-

peak of the runoff event and the regression slope of the rising

limb of the runoff ratios. Spearman's rank correlation showed no

relation of the rising limb slope regression coefficient to mea

sured vegetative characteristics across all sites. There was mini

mal correlation between the runoff regression coefficient and the

percent cover and bare soil. Differences in the biotic components

of the sites were not useful in predicting runoff characteristics. If

equilibrium runoff was the measured hydrologic response, the

sites were dissimilar. Using the time-to-peak and slope of the ris

ing limb components of the runoff hydrograph, the sites were

similar on the same soil type. The technique of comparing com

ponents of the runoff hydrograph, other than equilibrium runoff

has promise to allow one to quickly compare responses among

ecosystems to determine if they have similar hydrological func

tions. Our study on shortgrass prairie sites indicated that easily

estimated factors such as biomass, cover and litter were not good

indicators of hydrologic function. Also, it is necessary to identify

which portion of the runoff event is most important in the assess

ment. Future hydrologic and erosion models need to develop

nonlinear prediction equations to estimate infiltration rates as a

function of cover, biomass, and soil properties and also to stratify

soils into functional units to accurately estimate runoff rates.
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Rangelands and permanent pasture comprise approximately

51% of the world's land surface with grazinglands covering 364

million hectares in the 17 western states of the United States

(Child and Frasier 1992). Rangeland ecosystems are complex and

many of the interacting abiotic and biotic processes are not clear

ly defined with regards to their resistance and resilience to stress,

making the assessment of health or stability of a rangeland

ecosystem extremely difficult. Recent efforts have been devoted

to developing techniques to assess the stability and health of

rangeland ecosystems (NRC 1994, USDA-NRCS 1997). The

USDA-Natural Resources Conservation Service (NRCS) pro

posed that rangeland health be evaluated using 17 indicators to
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Resumen

Se evaluaron hidrogrdficas de escurrimiento de 3 eventos de

simulacitin de lluvia independientes conducidos en 11 sitios difer-

entes de pastizal corto, esto con el objetivo de determiner la

similitud hidrol6gica de sitios ampllamente separados dentro de

un solo ecosistema. Entre sitios y eventos de simuladdn de lluvia

no hubo patrones consistentes en el equilibrio de escurrimiento

Cuando los sitios se estratificaron por tipo de suelo, si hubo

diferencias en el tiempo de maximo escurrimiento y la pendiente

de la parte de (a curva de regresion que representa el mayor

aumento de los porcentajes de escurrimiento. Las pruebas de

correlacl6n del rango de Spearman no mostraron relation entre

el coeficiente de la pendiente de la parte de la curva de regresidn

que representa el mayor aumento de los porcentajes de escur

rimiento y las caracterislicas de vegetac!6n medidas a travel de

los sitios. Hubo una correlaci6n minima entre el coeficiente de
regresi6n del escurrimiento y el porcentaje de cobertura y de

suelo desnudo. Las diferencias de los componentes b!6ticos de los

sitios no fueron utiles para predecir las caracteristicas del escur

rimiento. Si el equilibrio del escurrimiento fue la respuesta

hidroldgica medida, los sitios fueron disunites. Utilizando el tiem

po de mdximo escurrimiento y la pendiente de la parte de las

hidrograiicas de que representan el mayor aumento de los por

centajes de escurrimiento los sitios fueron similares en el mismo

tipo de suelo. La te'cnica de comparar los componentes de la

hidrogrdfica de escurrimiento en lugar del equilibro de escur

rimiento promete permitirle a uno comparar rapidamente las

respuestas entre ecosistemas para determinar si ellos tienen fun-

ciones hidroldgicas similares. Nuestro estudio en sitios de pasti

zal corto indico que faclores facilmente estimados como la bio-

masa, cobertura y mantillo no fueron buenos indicadores de la

funcidn hidroI6gica. Tambidn, es nccesario identificar cual por-

cion del evento de escurrimiento es mas importante para esta

evaluaci6n. Los futuros modelos de escurrimiento y erosion

necesitan desarrollar ecuaciones de predicci6n no lineales para

estimar las tasas de infiltration como una funcion de la cobertu

ra, biomasa y propiedades del suelo y tambien estratificar los

suelos en unidades funcionales para estimar con exactitud las

tasas de escurrimiento.

describe 3 attributes (soil site stability, watershed and hydrologic

cycle, and soil and plant community integrity) of a functioning

ecosystem. Each of these indicators is ranked within 1 of 5 cate

gories. The categories range from the most degraded state to the

condition expected for the site based upon the site ecological site

description. Many of the indicators are used in more than 1 of the

3 attributes of a healthy ecosystem. Five of the 17 rangeland

health indicators are directly associated with the hydrologic com-
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ponents of a site. The NRCS procedure is

qualitative and poses difficulty for some

one not familiar with the site where specif

ic baseline data is not available for com-

'' parison. The reliance on expert opinion to
define "preponderance of evidence" as the

methodology to define the health of the 3

components and no method to define the

health of the entire site may result in dis

trust of the system and failure to adopt the

approach as a method to estimate the

health or stability of the site. Within the

past decade, a number of studies using

similar equipment and techniques have

been conducted to evaluate infiltration,

runoff and soil erosion across the broad

spectrum of rangelands in the western part

of the United States (Simanton et al.

1991). While the primary purpose of the

many studies was to provide data for the

Water Erosion Prediction Project (WEPP)

(Flanagan and Livingston 199S), the data

sets provide a unique opportunity to pro

vide information on the hydrologic simi

larity of a single ecosystem type across a

large geographical area and to develop a

quantitative method to define hydrologic

function that could be incorporated into

any rangeland health evaluation technique.

Our study utilizes data sets collected

from selected rainfall simulation studies to

evaluate the surface runoff response of 11

different shortgrass prairie sites as affected

by canopy cover, ground cover, standing

biomass, litter, and soil texture. Data sets

used in the analysis were collected on

semiarid shortgrass prairies located in;

Colorado, New Mexico, South Dakota,

and Texas (Weltz 1995).

Many factors influence the shape of the

runoff hydrograph curve, but the most

important variables are rainfall character

istics, soil properties, vegetation, and land

use (Dunne and Leopold 1978). In our

study, variability was reduced by restrict

ing the analysis to shortgrass ecosystems

and controlled rainfall simulated events.

Our hypothesis was that ecosystems with

similar dominant plant species composi

tion and soil textures should have similar

hydrological runoff responses.

Because runoff is time dependent and

varies continuously, it is difficult to derive

a single index for statistical comparisons

across different experimental sites and

rainfall events. The most common method

used to evaluate differences between sites

have been to compare either total runoff or

final infiltration rates (Blackburn 1975,

Weltz and Wood 1986, Wood 1987).

Other researchers have utilized time to

peak, runoff rate, or total runoff volume

to compare hydrographs (Stone et al.1992.

Tiscareno-Lopez et al. 1993). Weltz et al.

(1992) used an optimization technique to

fit the rising limb of the hydrograph to

determine the hydrologic roughness of

rangelands. Spaeth et al. (1996) used indi

rect gradient analysis to define relation

ships between plant communities, soil

variables, and infiltration rates.

Our study utilized the concept of subdi

viding the hydrograph into separate compo

nents for analysis to see if any or all of the

hydrograph components are similar or dis

similar among sites (Frasier et al. 1998a).

This allows an evaluation of the entire

hydrograph shape between sites and within

sites in relation to site characteristics.

Methods and Materials

Study Sites:

Study sites were all located within short-

grass plant communities (Table 1). One

data set was originally collected for the

Water Erosion Prediction Project (WEPP)

research studies by the USDA-National

Resource Soil Conservation Service

(NRCS) and USDA-Agricultural Research

Service (ARS) Interagency Rangeland

Water Erosion Team project (IRWET).

The second set was collected for the

USDA-ARS Water Erosion Prediction

Project database (unpublished data). The

third data set was collected at the ARS-

Central Plains Experimental Range, Nunn,

Colorado (CPER) (Frasier et al.1995).

Range site classification of the study

sites varied from sandy plains to clayey

with range condition from poor to excel

lent. Slopes of the study plots were mostly

in the range of 5 to 8% and soil textures

varied from sandy loam to clay. The pre

dominant plant species were Bouteloua

gracilis (H.B.K.) Lag. and Buchloe dacty-

loides (Nutt.) Engelman. Average annual

precipitation ranged from 250 to 400 mm

yr1 (Table 1). The site in South Dakota

(H2) was classified as a mixed prairie

potential plant community but the site had

been historically heavily grazed causing

the plant community to shift to a shortgrass

plant community (Hanson et al. 1978).

Rainfall Simulation:

Runoff experiments for all sites used

large rotating boom rainfall simulators

similar to the one developed by Swanson

(1965). All studies used the same general

procedures with a few minor differences.

Plot size varied from 3.0 to 3.5 m wide

and 10.0 to 10.7 m long. All plots had

sheet steel metal borders driven into the

soil around the upper and side edges.

Troughs at the lower edge of each plot

collected and directed the runoff water

through small critical depth flumes. With

the exception of the Texas sites (Table 1),

depth of water flowing through the flumes

was measured and recorded with bubble

flow meters at 1 minute intervals. The

flow depths were converted to equivalent

runoff rates. At the Texas sites, runoff

rates were measured volumetrically at 2

min intervals.

While the various rainfall simulation

studies were conducted by different inves

tigators with slightly different procedures,

it was possible to select data sets with the

same general antecedent soil moisture

conditions and the same basic water appli

cation quantity and pattern (rainfall simu

lation). The rainfall simulation pattern

selected for this evaluation consisted of 3

separate water application periods. 1) Dry

run—simulated rainfall applied at a nomi

nal rate of 50 to 60 mm hr"1 onto soils with

existing soil moisture (no prewetting).

Simulation duration was sufficient to

reach equilibrium runoff, usually within

45 to 60 min. 2) Wet run-following a 30

min interval of no water application after

the dry run (or an equivalent pre-condi

tioning water application) simulated rain

fall was applied at nominal rate of 50 to 60

mm hr"1 until runoff reached equilibrium,

usually within about 30 min. 3) Very wet

run—without stopping the rainfall simula

tion at the end of the wet run, the water

application rate was increased to 100 to

130 mm hr'1 until runoff equilibrium was

achieved, usually within about 20 min.

While the rainfall simulators were all

the same design, it should be noted that for

each application phase, simulator applica

tion rates were slightly different because

of changes in water level in the water stor

age tanks, blowing wind, and different

pressures on the simulator nozzles. This

caused some variation in application rates.

Actual water application rates and quanti

ties were measured on each plot during the

simulation events.

Vegetation Measurement:

The Interagency Rangeland Team

(IRWET) estimated standing biomass

using the NRCS double sampling proce

dure (USDA-SCS 1976). Five sample

quadrats were collected on each runoff

plot. The sample sites were horizontally

centered within the plot at intervals of 1,

3, 5, 7, and 9 m from the bottom of the

plot. The quadrats were clipped to a

height of 1 cm above the ground surface.

Standing biomass was separated by

species into 3 categories: 1) previous
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Table 1. Site location, range site, range condition, number of years sampled, number of samples per year, soil texture, percent slope, and dominant
plant species (percent composition by weight) for rainfall simulation study areas.

Site

Range Range Number Samples Average annual Soil

site condition of years per year precipitation texture Slope Plant species

C\ Texas1

C2 Texas'

clay loam

clay loam

fair

poor

Fl Colorado1 loamy good

F2 Colorado1 loamy fair

F3 Colorado1 loamy poor

HI South Dakota2 clayey excellent 2

H2 South Dakota2 clayey fair

Jl New Mexico2 loamy fair

good

fan-

poor

L Colorado3

M Colorado3

H Colorado3

sandy

plains

sandy

plains

sandy

plains

(mm)

375

375

350

350

350

390

390

280

257

257

257

clay 2-3 Bouteloua gracilis

(H.B.K.) Lag.

Buchloe dactyloides

(Nutt.) Engelman

clay 2-3 Bouteloua gracilis

(H.B.K.) Lag.

Buchloe dactyloides

(Nutt) Engelman

loam 7-8 Bouteloua gracilis

(H.B.K.) Lag.

Pascopyrum smithii

(Rydberg) Love

loam 7-8 Bouteloua gracilis

(H.B.K.) Lag.

Carex spp.

loam 7-8 Buchloe dactyloides

(Nun.) Engelman

Bouteloua gracilis

(H.B.K.) Lag.

clay 7-8 Stipa viridula Trin.

Sphaeralcea coccinea

(Pursh)Rydb.

clay 7-8 Bouteloua gracilis

(H.B.K.) Lag. Buchloe

dactyloides (Nutt.)

Engelman

Hilariajamesii

(Torrey) Bentham

Bouteloua gracilis

(Torrey)(H.B.K.) Lag

5-6 Bouteloua gracilis

(H.B.K.) Lag.

Aristida spp.

5-6 Bouteloua gracilis

(H.B.K.) Lag.

Aristida spp

5-6 Bouteloua gracilis

(H.B.K.) Lag.

Buchloe dactyloides

(Nutt.) Engelman

clay loam 9

sandy

loam

sandy

loam

sandy

loam

1 Data supplied by NRCS.2 data supplied USDA-ARS. 3 dala from CPER.

year's growth, 2) current year growth, and

3) standing litter. Detached litter within

the quadrat was also collected. All bio-

mass samples were dried at 60° C for 72

hours and weighed.

For the USDA-ARS Water Erosion

Prediction Project (WEPP) standing bio-

mass was estimated by clipping six, 0.S m

by 1 m quadrats located outside of the

large rainfall simulation plots. Quadrats

were clipped to 1 cm of the soil surface by

life form (grass, forb, shrubs, and cacti).

The quadrats were located 1 m from the

runoff plots and placed 1 m from the top

and the bottom of the plot and at the mid

point of the plot. Once the standing bio-

mass was removed from the quadrats, all

litter was removed. All biomass samples

were dried at 60° C for 72 hours and

weighed.

In the CPER study, aboveground bio-

inass was estimated with a double-sample

procedure on 10 randomly located quadrats

(0.31 by 0.31 m). Every fifth quadrat was

clipped by species, dried at 60° C for 72

hours and weighed. Litter weights were not

recorded.

Canopy cover was defined as the soil

surface area protected from raindrop

impact by standing plant material looking

straight down into the canopy (0-100%).

Ground cover was defined as the amount

of litter, cryptogams, plant basal area, and

impervious material that protects the soil

surface from raindrop impact (0-100%).

For this study we combined canopy and

ground cover and represented it as total

cover (0-200%).

For the Interagency Rangeland Team

(IRWET) and ARS studies, canopy and

ground cover was estimated with a 49-pin

point-sampling frame. The frame was

placed at 10 even intervals (1 m) on each

plot, starting at 0.5 m from the outlet of the

plot. Canopy cover was recorded by life

form and ground cover by class (soil, rock,

litter, basal, and cryptogams). In the CPER

study, basal cover was measured using a

10 point frame. Four transects were estab

lished down the length of the plot at equal

intervals from the plot sidewalls. The point
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frame was set perpendicular to the transect

and basal cover was estimated at 3 m inter

vals on each transect.

Data Analysis:

It should be noted that sites within this

study should not be considered as replica

tions. Because of small differences in

water application rates from the various

rotating boom rainfall simulators, the

runoff rate was adjusted (normalized) by

the water application rate (rain) for each

recorded time interval and each simulation

period (Frasier et al. 1998a).

The normalized runoff (percent runofO

hydrograph for each simulation period is

separated in 3 sections, time to runoff ini

tiation, the rising limb, and equilibrium

runoff. The end points of the segments

(rising limb and equilibrium runoff phas

es) are determined using the break-point

approach originally developed for analyz

ing precipitation data (Brakensiek et al.

1979). This approach uses an iterative

least squares regression analysis and maxi

mizes the coefficient of determination for

the segment being evaluated. If the time to

initiation of runoff, time to runoff equilib

rium, regression slope of the rising limb,

and final equilibrium runoff rate are statis

tically similar, then there is no difference

in the treatment response. Differences in 1

or more characteristics may indicate dif

ferent hydrologic responses to the vari

ables or treatments (Frasier et al. 1998a).

Descriptive statistics (mean, SE, medi

an, mode, SD, and range) were used to

compare the time to runoff peak, regres

sion slope of the rising limb, and the

steady state portions of the hydrographs.

ANOVA was used to find significant dif

ferences (P < 0.05) in vegetation charac

teristics (biomass, litter, and cover) among

sites and within the sites. Correlation

analysis among and between sites evaluat

ed effects of vegetation

characteristics on the

hydrologic responses.

Clay Mil
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Results and

Discussion

Vegetation—The mean

percentage for total cover

(canopy plus ground) over

all sites, was 86% with a

standard deviation of 17.

The mean total above-

ground biomass for all the

sites was 725 kg ha"1 with

a maximum of 1974 kg/ha

at the Texas Cl site and a

minimum of 380 kg ha1 at

the Colorado site F3

(Table 2). The mean litter

over all sites (except

CPER sites where litter

was not estimated) was

533 kg ha1 with a maxi

mum of 1893 kg ha' at

the Colorado site Fl and

the minimum of 247 kg

ha*1 at the South Dakota

siteH2.

Runoff Time-to-

Peak—As the soil texture

became finer (sandy loam

-» clay) the time-to-peak of the runoff

event during the dry run became progres

sively greater ranging from 20 to 30 min

on the sandy loam and loam soil to nearly

40 minutes on the clay soil (left side, Fig.

1). This is contrary to common concepts

where the infiltration rate increases (runoff

decreases) as soil texture becomes coarser.

A possible explanation is that the clay soil

textured sites develop cracks, which, when

dry absorb considerable water until they

swell shut. Another explanation is that a

vegetation characteristic such as litter may

Wet

_L

Very Wet

* *
Cl C2 HI H2 Cl C2 HI H2 Cl C2 HI H2

♦ » .

W«

• . ♦

VnyWtt

♦ • •

Fl F2 F3 Fl F2 F3 Fl F2 F3

Sail

» 1 *

Wet

t » ♦

VtryWtt

♦ • V

L M H M

Site*

H M H

Table. 2. Total cover, mean standing biomass and total Utter at rainfall simulation sites.

Site

Cl Texas

C2 Texas

Fl Colo

F2Colo

F3Colo

HI SD

H2SD

J1NM

L Colo

MColo

HColo

Total Cover

(% ± SD)

94 ±9.2

93 ± 9.9

129± 2.9

105 ± 17.7

102 ± 3.4

84 ±11.6

92 ±18.6

52-

82 ± 1.3

79 ± 2.3

76 ± 3.4

Mean Standing Biomass

(Kgha'±SD)

1974 ±881

651 ±234

1005 ±277

746 ±255

380 ±141

1600 ±274

450 ±141

649 ± 90

519± 35

490± 68

412± 14

Total Litter

(Kgha'±SD)

1778 ±1235

1511 ± 583

1893 ±1354

1567 ± 705

685 ± 241

753± 125

247 ± 99

164± 28

—

—

Fig. 1. Mean and standard deviations of time-to-peak for dry, wet,

and very wet rainfall simulation runs on shortgrass prairie sites

(stratified by soil texture).

be having a possible influence on the infil

tration rate of the clay site. The differ

ences among soil types became less as the

soil became wet (wet run) (center groups,

Fig. 1) and with increased water applica

tion rate (very wet run) (right side, Fig. 1).

Runoff Rising Limb Slope—The

regression slope of the rising limb of the

runoff ratios during the initial phase (dry

run) of the runoff events were similar, with

regression coefficient slope values varying

from 2 to 4 across all sites (left side, Fig.

2). In the wet runs the slope regression

coefficients remained unchanged on the

sandy loam soil (2 to 4) but increased to 4

to 8 on the loam and clay sites (center

groups, Fig. 2). In the very wet runs the

slope regression coefficients were 6 to 12

for the clay sites, 6 to 8 for the loam sites

and 2 to 4 for the sandy loam sites (right

side, Fig. 2).

As the regression slope of the runoff

hydrograph rising limb increased, so did

the variability among plots especially in

the wet and very wet runs on the clay and

loam soil sites, (standard deviation bars,

Fig. 2). The variability among runs (large

standard deviations) with the higher rain

fall intensities (very wet runs) indicated

that there were additional factors affecting
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Table 4. Coeflident of determination (r1) of slope regression coefflcient or rising limb of the runoff
hydrograph for the dry, wet, and very wet rainfall simulation events and biotic characteristics

stratified by soil texture for all shortgrass prairie sites.

Soil texture

Clay

Clay

Clay

Loam

Loam

Loam

Sandy loam

Sandy loam

Sandy loam

Vegetation

Biomass (kg/ha)

Cover (%)

Litter (%)

Biomass (kg/ha)

Cover (%)

Litter (%)

Biomass (kg/ha)

Cover (%)

Litter (%)

Dry

0.10

0.01

0.20

1.00

0.73

0.98

0.58

0.18

M

Rainfall sequence

Wet

M

M

M

0.82

0.99

0.68

0.58

0.78

M

Very wet

0.15

0.28

0.40

0.28

<0.01

0.42

0.18

0.18

M

M is data missing or not available.

the infiltration rate may have decreased

sufficiently to reduce the impact of

increased hydraulic resistance associated

with increased biomass. At sufficiently

high water application rates the runoff rate

may be minimally affected by biomass.

Litter was not correlated with the runoff

rising limb regression coefficient in the

dry run, but was highly correlated in the

wet run and to a lesser degree in the very

wet run (Table 3). These results conflict

with other reports showing that runoff rate

deceases as litter increases, (Simanton et

al. 1991, Blackburn et al. 1992, Thurow et

al. 1986, and Packer 1951). The difference

in apparent results from other studies is

attributed to the portion of the runoff

hydrograph used in the analysis. Our stud

ies used the rising limb portion while

many other studies use equilibrium runoff

values. This illustrates the need to insure

that the portion of the runoff event be

clearly identified and also representative

of the factors being investigated. While

the exact cause for the difference between

the dry and wet or very wet runs can not

be determined, we speculate that there is a

transient hydrophobic response in short-

grass plant communities similar to that for

burned chaparral sites in California

(Debano 1975 ). During the initial rainfall

event the soluble organic compounds on

the litter significantly affect the infiltration

rate independently of the quantity of litter

on the soil surface. This effect can become

more pronounced as the litter quantity

increases. After the litter has been wetted

for a period of time (wet run) the influence

of the water repellency is reduced (Frasier

et al. 1998b). This litter effect is mini

mized somewhat during the very wet run

because of the high volume of water. In

addition, the slight increase in head pres

sure caused by the increased depth of

overland flow can help offset the

hydrophobic conditions in the soil profile.

More research will be needed to determine

if and under what circumstances

hydrophobic layers exist in short grass

prairies, as litter builds up due to changes

in management practices or climate.

Soil type modified the impact of biotic

characteristics (biomass, cover, and litter)

on the regression coefficient of the slope

of the rising limb of the runoff hydrograph

(Table 4). For the clay soils, standing bio

mass, litter, and cover had little correlation

with the regression coefficient of the ris

ing limb especially in the dry run. As rain

fall intensity and soil moisture increased

(very wet run), there were higher correla

tions of the biotic components with the ris

ing limb runoff regression coefficient.

On the loam soils there were significant

biotic effects on the slope of the rising

limb runoff regression coefficient in both

the dry and wet runs. As rainfall intensity

and soil moisture increased (very wet run),

these influences decreased (Table 4). The

influence of cover was more important

during the wet run, as opposed to the dry

runs where biomass and litter were more

correlated with the rising limb of the

runoff hydrograph. Cover was not related

to the runoff coefficient of the rising limb

for the very wet runs.

For the sandy loam soils the biomass

had a moderate effect on the rising limb

runoff regression coefficient in the dry and

wet runs but no effect in the very wet run.

Cover had an effect on only the wet run.

Litter was not measured on the sandy loam

soils.

Equilibrium Runoff—The equilibrium

runoff ratios (runoff rate divided by rain

fall intensity) did not consistently vary

among sites and simulator runs (ie., dry

run vs. wet run ) (Fig. 3). Mean equilibri

um runoff rates on the clay soils ranged

from 10 to 75% in the dry run, 55 to 60%

in the wet run and 40 to 80% in the very

wet run. On the loam soil sites the mean

equilibrium runoff was 40 to 45% in the

dry run and 70 to 80% for the wet and

very wet runs. On the sandy loam sites at

CPER (Colo L, M, H) mean equilibrium

runoff ranged from 10 to 50% on the dry

and wet runs and was 30 to 60% on the

very wet runs. Frasier et al. (1995) had

found on these sites an increase in equilib

rium runoff rates with higher grazing

intensity (Fig. 3). Some of the CPER sites

never reached an equilibrium runoff rate

during the time allowed for their dry, wet

and very wet runs because the applied

rainfall rate did not exceed the saturated

hydraulic conductivity of the soil. Plots

where equilibrium runoff was not

achieved were not used in calculating the

mean and standard deviations.

Summary and Conclusions

We evaluated the hypothesis that short-

grass prairie ecosystems with similar veg

etation and cover would have similar

hydrological runoff responses. Runoff

hydrographs from 3 separate rainfall simu

lation runs (dry, wet, very wet) at 11 dif

ferent shortgrass prairie sites were evaluat

ed to determine the hydrologic similarity

within a single ecosystem type at widely

separated sites. To obtain a clearer under

standing of the interaction of the biotic

and abiotic factors affecting runoff, the

runoff hydrographs were separated into

time-to-peak, slope of the rising limb, and

steady state runoff components. To evalu

ate the effect of site biotic components,

the regression slope of the rising limb of

the runoff hydrograph was correlated to

selected biotic factors.

When the sites were stratified by soil

type differences, some runoff characteris

tics were detected. As the soil texture

became finer, the time-to-peak of the

runoff event during the dry run became

progressively greater. The differences in

time-to-peak among soil types became less

as the soil became saturated (wet run) and

with increased water application rate (very

wet run). The regression coefficients of

the slope of the runoff hydrograph rising

limb during the initial phase (dry run)

were similar across all sites. In the wet

runs the mean runoff regression slope

coefficients remained unchanged on the

sandy loam soil but doubled on the loam

and clay sites. In the very wet runs the

mean runoff regression slope coefficients

continued to increase for the clay sites but

were unchanged on the loam and sandy
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loam sites. Spearman rank correlation

coefficient (r.) values show no consistent

correlation pattern of the slope of the

runoff hydrograph rising limb regression

equation to measured vegetative character

istics across all sites. There was no consis

tent correlation between the runoff regres

sion coefficient and the percent cover and

bare soil. Equilibrium runoff (runoff rate

divided by rainfall intensity) was not a

good comparative parameter among sites

and simulator runs.

The data analysis showed that biotic

components (biomass, cover, litter) across

all the sites were not useful in predicting

hydrologic differences as measured by the

slope of the rising limb of the runoff

hydrograph. When stratified by soil type,

biomass, cover and litter were significant

ly correlated to the slope of the rising

limb, of the runoff hydrograph.

Were the 11 shortgrass prairie sites

used in the evaluation hydrologically

different? If equilibrium runoff was the

measured hydrologic response, the sites

were dissimilar. When using the time-to-

peak and the regression coefficient of the

slope of the runoff hydrograph rising limb

the sites on the same soil type were hydro

logically similar.

Can we assess the hydrologic compo

nents of rangeland health or sustain-

ability by visual assessment of a site?

Our study on shortgrass prairie sites indi

cated that easily estimated factors such as

biomass, cover and litter were not good

indicators of hydrologic function. Also, it

is necessary to identify which portion of

the runoff event is most important in the

assessment. Future hydrologic and erosion

models need to develop nonlinear predic

tion equations to estimate infiltration rates

as a function of cover, biomass, and soil

properties and also to stratify soils into

functional units to accurately estimate
runoff rates.
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