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Abstract

The appearance of rangelands in parts of the southwestern U.S. is changing from
grasslands with scattered shrubs to sparse grass populations under dense stands
of mature woody shrubs, mostly of mesquite (Prosopis velutina). Decisions on
whether to control the mesquite, coupled with a variety of grazing systems, make
it appropriate to use decision support systems (DSS) as an advisory tool. This
Paper presents a preliminary evaluation of grazing and vegetation management
systems for rangelands using a prototype multiobjective DSS (P-MODSS) developed
by the USDA Agricultural Research Service at the Southwest Watershed Research
Center in Tucson, Arizona. Sixteen years of measured and calculated data from
four experimental watersheds were used to quantify physical resource decision
variables of runoff depth, sediment yield, aboveground net primary production
(ANPP), and peak rate of runoff. The results suggested that when it was desirable
to maximize ANPP and minimize runoff and sediment yield, yearlong grazing with
mesquite removed was preferred to the conventional system of yearlong grazing
Wwith mesquite retained and rotation grazing with and without mesquite. However,
when both runoff and ANPP were maximized and sediment yield was the most

' - important criteria, no alternative was better than the conventional system. The
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importance order of the decision variables and the scoring function shape %
highlighted to demonstrate the utility of the P-MODSS to evaluate ma“agemenf
systems on rangelands. :

Introduction

Rangelands cover a large portion of the land surface of the world. Depending oq
the definition of rangelands, 25 to 50% of the earth's land is used as rangelangs
(van Gils, 1984). Characteristics that link rangeland ecosystems worldwide include

a complex biology, large and heterogeneous management units, variable climate, 4

and socioeconomic pressures for change or modifications (Stuth and Stafford -
Smith, 1993). These special features of rangeland management necessitate that 5
broad perspective be taken in the planning process and that information be wel
organized.

While the major commercial use of rangelands in the U.S. is livestock grazing 3
to produce food and fiber, rangelands provide other less tangible values such as %

natural beauty, open spaces, wildlife habitat, and the ecological study of natraj
ecosystems (National Research Council, 1994). If rangelands are to be sustainable,
methodologies are needed to facilitate informed decision making. Such method-
ologies should consider the whole system rather than concentrate on individual
components. DSS provide a means of integrating databases, computer simulator
models, economic analyses, and geographical information systems in 2 package
that is practical and informative to the land use planner. In addition, the DSS
needs to fulfil user requirements, be technically correct, consider diverse objec-
tives, and present the user with information on feasible alternatives to the current
grazing system.

This paper presents preliminary results of the application of the P-MODSS
developed by the USDA Agricultural Research Service, Southwest Watershed
Research Center, in Tucson, Arizona, to evaluate four current and alternative
rangeland management practices in southwestern U.S. Specifically, the work
demonstrates the effects of an importance order on the outcomes from the DS
for four decision criteria. The P-MODSS (Yakowitz et al., 1992a,b) was originally
developed to assess the effects of alternative management practices on surface
and groundwater quality. Use of the P-MODSS to evaluate farming practices in
cropping lands (Yakowitz et al., 1992a; Yakowitz et al., 1993; Heilman, 1995) and
the design of trench caps for shallow landfill waste (Lane et al., 1991; Paige et al,
1994) are well established, however it is only recently that the application to
rangelands has been examined (Renard and Stone, 1993). Although the P-MODSS
has the capacity to incorporate continuous simulation models, the analyses
reported in this paper were restricted to using measured data from four instru-
mented watersheds on the Santa Rita Experimental Range to quantify the decision
variables.

Background to the Problem

Increases in velvet mesquite (Prosopis velutina Woot.) have changed the general
appearance of much of southern Arizona from grasslands with scattered young
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mesquite to sparse grass populations under dense stands of mature woody shrubs
(Parker and Martin, 1952; Cable and Martin, 1973). When the mesquite is con-
wolled, herbaceous cover and production have increased (Parker and Martin, 1952;
Martin, 1963) while soil loss and runoff have declined (Renard et al., 1991; Martin
and Morton, 1993). Methods to control the invasion of mesquite include mechanical
or chemical means, burning, or a combination of each. However, costs to control
the mesquite may not be economically justified from the net returns of the cattle
alone. In addition, increased awareness of wider, socioeconomic aspects of desert
grasslands and recognition of the continued degradation of natural resources have
engendered an ecological perspective into vegetation management.

In addition, grazing management is linked to vegetation management. Options
for grazing are continuous yearlong or a system of seasonal grazing that employs
one or more types of grazing and nongrazing periods. The intended benefit of
rotational grazing systems is improved range condition. Although rotational grazing
has lead to increased grass production (Martin, 1973), these have not necessarily
transferred to positive livestock responses (Driscoll, 1967) despite the increased
input of management. While many studies have focused on the health of the
plant and animal, there is a need to consider the effects of grazing from the
perspective of soil, water, and air quality. To this end, some grazing practices
may create an unsustained and unbalanced structure between the abiotic and
biotic components of the ecological system.

Methods

Description of Watersheds and Data Collected

Eight experimental watersheds were established by the USDA Agricultural Research
Service during 1975 on the Santa Rita Experimental Range, located 50 km south
of Tucson, Arizona. The purpose of the watershed study was to examine the
impact of grazing and vegetation manipulation methods in the semidesert (300
t0 400 mm annual precipitation) regions of the southwestern U.S. Four of these
watersheds were selected for this analysis. One pair of watersheds were grazed
Yearlong, while the other pair of watersheds were grazed using the Santa Rita
rotation method (Martin, 1978). This method involved grazing once during March
1o October and once during November to February in a 3-year rotation, with
12-months rest between grazing periods. The dominant feature of the method is
that rangeland to be grazed in the spring is rested during the preceding summer
3n.d winter and is an important component for proper grazing management in
this environment (Arizona Interagency Range Committee, 1973). In 1974, two
watersheds (WS2 and WS4) were treated with basal applications of diesel oil to
contro| the invasion of mesquite and retreated when needed to keep the water-
sheds mesquite free. The other two (WS1 and WS53) remained unchanged. In
1994, the aerial coverage of mesquite and dense woody shrubs in WS1 and WS3
Was 17 and 22%, respectively. Treatments and physical characteristics of the
Watersheds are given in Table 31.1.

- Each watershed is equipped to measure precipitation (rate and depth), surface

Runoff (rate and depth), and sediment yield. On the occasions when there were
| 'nsufficient sediment samples, sediment yield for the storm event was estimated
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‘Table 31.1 Summary of Physical Characteristics of the Experimental Watershedsi'v_

Area Land Use Treatment Average Streay 3;_' _
ws (ha) Grazing Vegetation Soil type (%) (m) ":
1 1.63  Yearlong Mesquite + Sandy 3.43 ?9
2 1.76  Yearlong Grass Sandy 4.21 256 9
3 2.76  Rotation Mesquite + Fine sandy 3.01 298 R
4

1.97  Rotation Grass Fine sandy 4.01 306

T— -

using the measured depth and peak rate of runoff. The precipitation and runoff 4
data are considered to be excellent (Renard et al., 1991). Periodic measuremenys °
were also made of channel cross-sections, grass density, and cover.

Summary of Hydrological Responses

Precipitation at the Santa Rita watershed study varies considerably from year 1o 3§
year, and from season to season. From 1976 to 1991, annual precipitation varied
from 177 to 641 mm. Mean annual precipitation across the four watersheds was ¥
373 mm, with a coefficient of variation of 29%. The bimodal distribution of monthly
precipitation for WS1 is shown in Figure 31.1. Surface runoff is generated by
short-duration, high-intensity summer storms. Between June and August, runoff
producing storms represented 26% of the annual precipitation, but produced 66%
of the total annual runoff. The temporal and spatial variability of storms in the
Southwest has important implications for range management (Renard and Stone,
1993). For example, when spatial variability is high, summing storm events from
a single raingauge to determine monthly or seasonal precipitation for water supply
and forage management may unknowingly be misleading. In addition, partial
wetting of the pasture will generate heterogeneous growth that may influence the
degree of pasture utilization, and possibly species vigor and composition.

In this environment, essentially ali the infiltrated moisture is partitioned as
either bare soil evaporation or transpired by plants (Renard et al., 1993). Perco-
lation below the root zone is infrequent and represents a negligible component
in the average annual water balance.

Overview of the P-MODSS 1

The major components of the P-MODSS are (1) a2 modified version of the GLEAMS |
(Groundwater Loading and Evaluation of Agricultural Management Systems,
Leonard et al., 1987) simulation model, (2) databases and default values for
parameterizing the simulation model, (3) a decision model with embedded scoring 1
functions and an algorithm for ranking alternatives, (4) a system driver, and (5)
a user interface and report generator. Further details of the P-MODSS are given
by Yakowitz et al. (1992a,b). !
The decision model is based on multiobjective decision theory that combines
the dimensionless scoring functions of Wymore (1988) with the decision tools
presented in Yakowitz et al. (1992b;1993). The scoring functions convert predicted

———e s

FPOSSOPUTIIN



.t'valuation of a Prototype Decision Support System for Rangelands 367

120
| Average Annual: 365mm
100
80
| N
60
N_\/

Y

20.‘\ / Nt
N

—
7777537722777
s 2%,

MONTHLY PRECIPITATION (mm)

RN N\
0 INN N
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

50% o 80% - 20%

Figure 31.1 Distribution of monthly precipitation for 50, 80, and 20% probability of
exceedence, watershed WS1 (1976 to 1991).

or observed data to a unitless scale of 0 to 1, where 0 is the worst and 1 is the
best possible score. The scoring functions are a means of scaling each decision
criteria by which the current and alternative management systems are evaluated.
The four generic scoring functions are more is better, more is worse, a desirable
range, and an undesirable range (Figure 31.2). Net returns and productivity are
examples of decision criteria that would be associated with the more is better
scoring function shape, while erosion would be associated with the more is worse
score shape. The functions are constructed such that the average annual value of
the management system conventionally used is assigned the score of 0.5 for all
decision variables. The slope of the function at the score of 0.5 is determined by
the annual minimum and annual maximum values of the decision criteria. The
scores of the decision criteria for alternative management practices are computed
in relation to the conventional system.

The imporntance order of the decision variables can be specified by the user
or computed by the normalized slope of the function for the conventional
management system. This latter method is the default importance order and assigns
more value to those decision criteria for which small differences in the values of
the alternative criteria make a large difference in the score. After the importance
order has been determined, a best and worst composite score is computed by
“the method developed by Yakowitz et al. (1992b) using two linear programs for
each alternative. This method is a feature of the P-MODSS which eliminates some
of the subjectivity associated with assigning weights to the decision criteria. Finally,
- the alternatives are ranked in descending order according to the average of the
best and worst composite scores. The preferred or “best” alternative is the one
. With the highest average score.
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Figure 31.2 Generic scoring function types and shapes (based on Wymore, 1988).

Selection of Decision Variables

The National Research Council (1994) Commiittee on Rangeland Classification has
developed a number of indicators to judge rangeland health. Among these, soil
stability, soil erosion, and watershed function are considered to be important
indicators of rangeland health. Using the 16 years of recordings from the Santa
Rita watersheds, four measurements were selected as decision variables to evaluate
the grazing and land management systems. These decision variables were annual
runoff (mm), maximum annual peak rate of runoff (mm/hr), annual sediment
yield (v/ha), and annual aboveground net primary production (g/m?. Annual
runoff, peak rate of runoff, and total annual sediment yield were calculated from
measured data for the period 1976 to 1991 for each watershed and used to quantify
the decision variables. ANPP is the total aboveground dry weight biomass pro-
duced per unit area in a growing season. Relationships between annual actual
evapotranspiration and ANPP are given by Rosenzweig (1968), Webb et al. (1978),
Lane and Stone (1983), and others. Lane and Stone (1983) showed that, in the
absence of detailed information, annual actual evapotranspiration can account for
80% of the variation in ANPP. Using the discrete form of the water balance
equation, annual actual evapotranspiration was derived as the difference between
annual precipitation and annual runoff, assuming negligible percolation losses.
The estimate of actual evapotranspiration for WS1 and WS3 was reduced by the
coverage of mesquite and other woody shrubs (17 and 22%, respectively) to reflect
the ANPP for grass forage. In this respect, ANPP was intended to represent a
surrogate for productivity, although not a direct indicator of economic returns o
the rancher.
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Hence, the impact of each grazing and vegetation management system on
factors that affect the volume and discharge of surface water, soil loss, and
roductivity were considered through the selection of the decision variables. It is
emphasized that the analysis represented only a preliminary assessment of range-
jands using measured data. As multiobjective databases are extended and more
complex rangeland and ecosystem simulation models are considered, more deci-
sion criteria will need to be included in the evaluation. Further, the decision
variables are not reflective of off-site effects nor do they address the objectives
of broader issues of natural resource conservation.

Scoring Functions

The scoring function type more is worse was chosen for the decision variables
of depth of runoff, peak rate of runoff, and sediment yield. In this sense, the
preferred management system should minimize these physical resource decision
variables. ANPP, as a surrogate for productivity, used the scoring function type
“more is better.”

Management Systems Evaluated

The four grazing and vegetation management systems evaluated were yearlong
grazing (YL) and rotation grazing (ROT), each with (+m) and without (-m)
mesquite vegetation.

Results and Discussion

The evaluation of rangeland management systems is discussed first using only the
measured and estimated data from the experimental watersheds. This was done
to demonstrate that it is possible to identify preferred management systems without
the use of a computerized DSS. Following this initial analysis, an evaluation was
performed by incorporating the information from the measured data into the P-
MODSS. This evaluation takes advantage of two features of the P-MODSS, namely
the importance order of the decision variables and the type of scoring function,
10 assess practical, multiobjective decision making scenarios that are normally not
possible from a simpler analysis of measured data.

Evaluation without a Decision Model

Average annual values for the four decision variables (runoff depth, peak rate of
runoff, sediment yield, and ANPP) for each grazing and vegetation treatments are
given in Table 31.2. The results showed that the yearlong grazing treatments
produced less annual runoff and sediment yield and lower peak discharge com-
pared to the rotation grazing systems. This finding may be associated with the
higher density of perennial grasses in the yearlong grazed watersheds. Martin and
Morton (1993) reported that during 1985 and 1986, low summer rainfall, coupled
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Table 31.2 Average Annual Values for Physical Resource Decision Variables,
Coefficient of Variation (%) shown in brackets.

Grazing and vegelation practice
Yearlong + Yearlong + no Rotation + Rom
mesquite mesquite mesquite mesquite
ws 1 ws 2 ws 3 wWs 4
Decision variable Conventional Alternative 1 Alternative 2 Alternative 3
L —
Annual runoff 18.7 13.2 40.8 373
Peak runoff rate 24.3 21.8 326 35.7
Sediment yield 1.4 0.8 7.3 7.1
ANPP 741 103.7 66.5 85.6

—

with March to October grazing in 1986, resulted in the grass density in the rotation
grazing watersheds being less than half that measured in the yearlong grazing
watersheds. Rainfall during 1985 was almost 20% below the annual mean. Maniy
(1973) observed that recovery of grass density after dry conditions was slow if
March to October grazing was imposed during drought or in the summer following
drought. The lower density and coverage of grass, in association with the sojl
texture, may be responsible for the greater runoff from the rotation grazed
watersheds (W53 and WS4) compared to the yearlong grazed watersheds (Ws)
and WS2). To support these differences, an examination of the frequency of runoff
events showed that the yearlong grazed watersheds averaged almost half the
number of runoff events (11 per year) compared to the rotation grazed watersheds
(19 events per year).

When the results in Table 31.2 were grouped according to the vegetation
management, the mesquite-free watersheds (WS2 and WS4) produced less runoff
and sediment yield and more ANPP than the mesquite-invaded watersheds (WS1
and WS$3). The estimated ANPP was 35% greater on the mesquite-free watersheds
than on the mesquite watersheds. The effect of vegetation manipulation on the
mean annual peak runoff rate and the mean annual frequency of runoff evenis
was indistinguishable.

This examination of the effect of grazing and vegetation treatments on the
selected physical resources yielded several outcomes. First, it suggested that
yearlong grazing was preferred to rotation grazing if the desired intention was to
maximize ANPP and minimize runoff and sediment yield. Second, controlling
mesquite satisfied both goals of natural resource conservation and production.
Hence, the results indicated that the practice of controlling mesquite and yearlong
grazing represented the preferred management system for southern Arizona range-
lands. However, this outcome was somewhat limited in terms of considering other
important factors associated with grazing and ranch management, such as eco-
nomics, labor and management for stock handling, fencing, herd composition,
and the biophysical limitations of the land. In addition, the outcome was inde-
pendent of the impact on broader, multiobjective issues such as wildlife habitat,
human perception of the use of rangelands, and the general concepts of integrated
resource management. Finally, the outcome was based on the implicit assumption
that the four resource decision variables were of equal importance.
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gvaluation Using a Decision Model

The application of a DSS is designed to enhance and assist the land manager
make decisions on effective land management. This is normally done by comparing
the current conventional practice to a number of feasible alternative management
practices. For this study, yearlong grazing with mesquite (YL+m) was selected as
the conventional practice and compared to the other management systems on the
Lasis of the four physical resource decision criteria. Three analyses were performed
10 demonstrate some of the advantages of using the P-MODSS to evaluate the
sustainability of rangelands in the Southwest. These analyses were

1. An evaluation with equal importance attached to the four decision variables.

2. An evaluation using the default importance order attached to the decision
variables.

3. An evaluation when the scoring function for depth of annual runoff is
changed from more is worse to be more is better. This scenario represented
the basis for earlier research into vegetation manipulation for water yield
enhancement in Arizona (Hibbert, 19635; Ffolliot and Thorud, 1974).

Decision Variables with Equal Importance

The results of the analysis using the P-MODSS to evaluate the four management
systems when equal importance was placed on the decision criteria are given in
Figure 31.3. Clearly, the YL-m was the most preferred system. The two rotation
systems (ROT+m and ROT-m) were less preferred to the two yearlong systems.
This outcome is consistent with the earlier examination of the measured data.

Decision Variables with an Importance Order

The P-MODSS allows the user to select an importance order for the decision
variables. This is a realistic feature designed to accommodate a particular prefer-
ence associated with the decision criteria. For example, the user may wish to
place higher importance on surface runoff than on the other decision variables.
The default ordering of the criteria ranks highest that criterion which has the
potential for the greatest change in score when a small change in the criteria near
the conventional practice is observed (Yakowitz et al., 1992b). The score matrix
for the decision variables with the default importance order is given in Table 31.3.
Ranking the decision criteria by the normalized value of the slopes of the scoring
functions resulted in a default importance order of (ranked from most to least
importance): ANPP > sediment yield > runoff depth > peak rate of runoff.
Figure 31.4 shows the best (top line of bar) and worst (bottom line of bar)
composite scores for the default importance order. When greatest importance was
placed on ANPP, YL-m dominated the conventional (YL+m) and the alternative
grazing and vegetation management systems. On the basis of the average composite
score, YL+m was preferred to ROT+m and ROT-m. However, the length of the bars
in Figure 31.4 suggested the outcome was highly sensitive to a particular weight
vector consistent with the importance order. For some possible weighting schemes,
ROT-m was equal to or better than YL+m, but for the majority of the weighting
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Figure 31.3 Composite scores for yearlong (YL) and rotation (ROT) grazing with (+m)
and without (-m) mesquite vegetation with an equal importance order for the decision -
variables.

Table 31.3 Score Matrix for Decision Variables with Default Importance Order

Grazing and Vegetation System

Yearlong + Yearlong + no Rotation + Rotation + no
mesquite mesquite mesquite mesquite
ws1 ws 2 Ws 3 WS 4
Decision variable Conventional Alternative 1 Alternative 2 Alternative 3

Annual runoff 0.5 0.787 0.004 0.01
Peak runoff rate 0.5 0.611 0.178 0.110
Sediment yield 0.5 0.524 0.291 0.299
ANPP 0.5 0.931 0.341 0.729

schemes, this alternative was less preferred to the conventional system of yearlong
grazing with mesquite. The ROT+m altemative was the least preferred system.

Modifying the Scoring Functions

In the above analyses, the depth of runoff was associated with a scoring function
type of “more is worse.” However, in an environment where water is a limiting
factor, a rancher may be interested in grazing systems that generate runoff for
water harvesting projects and water supply for stock dams.

To evaluate this option, the scoring function type for runoff was changed to
“more is better” and the P-MODSS used to reevaluate the management systems.
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Figure 31.4 Composite scores for yearlong (YL) and rotation (ROTY) grazing with (+m)
and without (-m) mesquite with a decision variable importance order of ANPP > sediment
> runoff > peak runoff rate.

This changed the score matrix for runoff for YL-m to 0.213, for ROT+m to 0.996,
and for ROT-m to 0.990. All other values of the score matrix were unaltered from
the values shown in Table 31.3. For the initial evaluation, the default importance
order (ANPP > sediment yield > runoff > peak runoff rate) was used. The scoring
functions for ANPP, sediment yield, and peak runoff were unchanged.

The results of best and worst scores following the adjusiment to the runoff
scoring function are shown in Figure 31.5. When the average composite score is
used to rank the alternatives, YL-m was again found to be the preferred system.
The ROT-m system was also preferred to the conventional system of YL+m.
Changing the scoring function for runoff from “more is worse” (Figure 31.4) to
“more is better” (Figure 31.5) increased the sensitivity of the outcome for YL-m
but reduced the sensitivity of the outcome for ROT-m.

Next, an importance order was imposed so that runoff and sediment yield
were of equal importance, but with a higher importance order than ANPP and
peak runoff rate. With this imposed importance order, the rotation grazing systems
(ROT+m and ROT-m) were marginally preferred to the yearlong grazing systems
(Figure 31.6). No one alternative completely dominanted the other two. Given
the importance order of the decision variables, the ROT-m was the most preferred
system, and the YL-m the least preferred system.

As a final examination of grazing and vegetation systems, the importance order
of the decision variables was adjusted to give sediment yield the greatest impor-
tance (i.e., sediment > runoff > ANPP > peak runoff rate). In Figure 31.7, the
results showed that when sediment was the primary concern ahead of runoff,
ANPP, and peak discharge, there was little to distinguish between the alternatives
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Figure 31.5 Composite scores for yearlong (YL) and rotation (ROT) grazing with (+m) .
and without (-m) mesquite with a decision variable importance order of ANPP > sediment
> runoff > peak runoff rate. Scoring function for runoff is “more is better.”
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0.00 1 } 1
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Figure 31.6 Composite scores for yearlong (YL) and rotation (ROT) grazing with (+m)
and without (-m) mesquite with a decision variable importance order of runoff = sediment
> ANPP > peak runoff rate. Scoring function for runoff is “more is better.”
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Figure 31.7 Composite scores for yearlong (YL) and rotation (ROT) grazing with (+m)
and without (-m) mesquite with a decision variable importance order of sediment > runoff
> ANPP > peak runoff rate. Scoring function for runoff is “more is better.”

and the conventional management systems. The average score for all alternatives
ranged from 0.47 to 0.49, and all were less than the 0.5 score associated with the
conventional treatment. Figure 31.7 showed that the alternatives differed in the
length of the bar, suggesting that the composite score for YL-m was the least
sensitive to the weights consistent with the importance order.

Summary and Conclusions

A preliminary analysis was undertaken of the extensive rangeland areas repre-
sented by the grazing and vegetation management Systems monitored on the
Santa Rita Experimental Range in southwestern Arizona using a prototype DSS.
Of the four rangelands management systems considered, the P-MODSS identified
yearlong grazing with mesquite removed as a preferred system when it was
desirable to maximize ANPP and minimize runoff depth, sediment yield, and peak
discharge. This treatment produced the highest average composite score regardless
of the importance order given to ANPP, sediment yield, and runoff. However,
YVhen the scoring function for runoff was changed from “more is worse” to “more
is better” to reflect the limitations of water in a dry environment, and sediment
yield and runoff were given equal importance, then the rotation grazing systems
were preferred to the yearlong grazing system. Alternatively, when sediment yield
was given the highest importance, all four systems considered in this evaluation
were almost identical, but yearlong grazing with mesquite removed displayed the
least sensitivity of the outcome to a given weighting vector. Based on the
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conditions and data set from the experimental watersheds, these evaluatiq
suggested that yearlong grazing with no mesquite was a management
which reflected a stable balance of conservation and productivity objectives, .

There are two important considerations for the use of a MODSS for evaluating
rangelands. First, a quantitative framework is available to assess current apg
alternative practices of grazing and vegetation control. This framework incorpo.
rates technical information about the management system by quantifying the
decision variables and the desirable utility of the decision variable through the
selection of the scoring function type. Second, the user can adjust the importance
order of the decision variable without the need of assigning weightings. This is
a feature of the P-MODSS and one which encourages the full application of 5
MODSS to explore scenarios for natural resource conservation. Hence, the p.
MODSS can make a valuable contribution towards the nation’s assessment of
rangeland health and ecological condition.

Future work using the P-MODSS on rangelands needs to address the limitations
encountered with this preliminary work. First, the decision variables need to be
quantified using a continuous, dynamic simulation model. This would allow long.
term values to be used and consideration may be given to increase the number
of decision variables in the evaluation (e.g., seasonal timing of soil water storage,
alternative land uses, interactions between livestock and wildlife, vegetation
composition, a more detailed economic analysis). Second, data are needed to
expand the scope of decision variables to integrate off-site, sustainability, and
socioeconomic aspects of rangelands.

NS 1y

Acknowledgment

The support of the Queensland Depantiment of Natural Resources and the Rural
Industries Research and Development Corporation, Australia, to undertake grad-
uate studies at the University of Arizona, Tucson, is gratefully acknowledged by
the first author (PAL).

3 st mela sb RS o L SO

e T

e B s o RRAPRIAT

References

By

Arizona Interagency Range Commitice. 1973. Grazing Systems for Arizona Ranges. Univer-

sity of Arizona, Tucson. 36 pages.

Cable, D.R. and S.C. Martin. 1973. Invasion of semidesen grassland by velvet mesquite
and associated vegetation changes. Arizona Acad. Sci. 8:127-134.

Driscoll, R.S. 1967. Managing Public Rangelands: Effective Livestock Grazing Practices and
Systems for National Forests and National Grasslands. USDA AIB-315.

Ffolliott, P.F. and D.B. Thorud. 1974. Vegetation Management for Increased Water Yield in
Arizona. Technical Bulletin 215. Agricultural Experiment Station, University of Arizona,
Tucson. 38 pages.

Heilman, P. 1995. A Decision Support System for Selecting Economic Incentives to Control
Nonpoint Source Pollution from Agricultural Lands. Ph.D. dissertation. University of
Arizona, Tucson. 211 pages.

Hibbert, A.R. 1965. Forest treatment effects on water yield. Pages 527-543 in International

Symposium on Forest Hydrology. National Science Foundation Advances in Science
Seminar Proceedings. Pergamon Press, New York.



Evaluation of a Prototype Decision Support System for Rangelands 377

Lane, LJ. and JJ. Stone. 1983. Water balance calculations, water use efficiency and
aboveground net production. Hydrology and Water Resources in Arizona and the
southwest. Office of Arid Land Studies, University of Arizona, Tucson. 13:27-34.

Lane, LJ., J. Ascough, and T.E. Hakonson. 1991. Multiobjective decision theory — decision
support systems with embedded simulation models. Pages 445-451 in ASCE Irrigation
and Drainage Proceedings, July, Honolulu, Hawaii.

Leonard, RA., W.G. Knisel, and D.A. Still. 1987. GLEAMS: groundwater loading effects of
agricultural management systems. Trans. ASAE. 30(5):1403-1418.

Martin, S.C. 1963. Grow more grass by controlling mesquite. College of Agriculture,
University of Arizona. Prog. Agric. Ariz. 15:15-16.

Martin, S.C. 1973. Responses of semidesernt grasses to seasonal rest. J. Range Manage.
26:165-170.

Martin, S.C. 1978. The Santa Rita grazing system. Pages 573-575 in D.N. Hyder, Ed.
Proceedings of the 1st International Rangeland Congress. Society Range Management,
Denver, Colorado.

Martin, S.C. and H.L. Morton. 1993. Mesquite control increases grass density and reduces
soil loss in southern Arizona. J. Range Manage. 46:170-175. :

National Research Council. 1994. Rangeland Health — New Methods to Classify, Inventory
and Monitor Rangelands. National Academy Press, Washington, D.C. 180 pages.

Paige, G.B., T.E. Hakonson, D.S. Yakowitz, LJ. Lane, and JJ. Stone. 1994. A prototype
decision support system for the evaluation of shallow land waste disposal trench cap
designs. Pages 111-117 in Proceedings of ER'93, Meeting the Challenge, Environmental
Remediation Conference, Augusta, Georgia.

Parker, K.W. and S.C. Martin. 1952. The Mesquite Problem on Southern Arizona Ranges.
U.S. Depantment of Agriculure Circular 908.

Renard, K.G., FA. Lopez, and J.R. Simanton. 1991. Brush control and sediment yield. Pages
12.38-12.45 in Proceedings of the Sth Federal Interagency Sedimentation Conference,
Las Vegas, Nevada.

Renard, K.G. and J.J. Stone. 1993. Integrated watershed management. Pages 355-379 in
Water Harvesting for Improved Agriculwral Production. Proc. FAO Expert Consultation,
Water Report 3.

Renard, G., LJ. Lane, J.R. Simanton, \W.E. Emmerich, J.J. Stone, M.A. Weltz, D.C. Goodrich,
and D.S. Yakowitz. 1993. Agricultural impacts in an arid environment: Walnut Gulch
studies. Hydrol. Sci. Tecbnol. 9(1-4):145-190.

Rosenzweig, N.L. 1968. Net primary productivity of terrestrial communities: prediction from
climatological data. Am. Nal. 102:67-74.

Stuth, J.W. and M. Stafford Smith. 1993. Decision support for grazing lands: an overview.
Pages 1-35 in J.W. Stuth and B.G. Lyons, Eds. Decision Support Systems for the
Management of Grazing Lands — Emerging Issues. Man and the Biosphere Series,
Volume 11. UNESCO (Paris) and the parthenon Publishing Group (New York).

van Gils, H. 1984. Rangelands of the world: unifying vegetation features. In W. Siderius,
Ed. Proceedings. Land Evaluation for Extensive Grazing (LEEG). International Institute
for Land Reclamation and Improvement, The Netherlands. Pub. No. 36.

Webb, W., W. Szarek, R. Lavenroth, R. Kinerson, and M. Smith. 1978. Primary productivity
and water-use in native forest, grassland and desert ecosystems. Ecology.
39(6):1239-1247.

Wymore, A.W. 1988. Structuring system design decisions. Pages 704-709 in C. Weimin, Ed.
Systems Science and Engineering. Proceedings of the Intemational Conference on Systems
Science and Engineering (ICSSE ‘88), July 1988. International Academic Publishers.

Yakowitz, D.S., LJ. Lane, JJ. Stone, P. Heilman, and R. Reddy. 1992a. A decision support
system for water quality modeling. Pages 188-193 in ASCE Water Resources Planning
and Management. Proceedings of the Water Resources Sessions/Water Forum ‘92,
Baltimore, Maryland.

.



378  Multiple Objective Decision Making for Land, Water, and Environmental Managen,

Yakowitz, D.S., LJ. Lane, JJ. Stone, P. Heilman, R. Reddy, and B..Im::lm. 1992b-_ E"'a_lllating
land management effects on water quality using multi-objective analysis within 5
decision suppor system. 1st International Conference on Groundwater Ecology,
Tampa, Florida. 365-373. o e .

Yakowitz, DS., LJ. Lane, and F. Szidarovszky. 1993. Multi-attribute decision making, 4
dominance with respect to an importance order of the attributes. Appl. Math. Computg,,

54:167-181.

}
’
]
1
{



Multiple Objective
Decision Making for
L.and, Water, and
Environmental
Management

Proceedings of the First International Conference on
Multiple Objective Decision Support Systems (MODSS)
for Land, Water, and Environmental Management:
Concepts, Approaches, and Applications

Edited by
S.A. El-Swaify

Department of Agronomy and Soil Science
College of Tropical Agriculture and Human Resources
University of Hawaii
Honolulu

and

D.S. Yakowitz
U.S. Department of Agriculture
Agricultural Research Service
Southwest Watershed Research Center
Tucson, Arizona

(WASWC)
World Association of Soil and Water Conservation

Boca Raten Roston London New York Washington, D.C.

r‘. LEWIS PUBLISHERS




o ¢ e am

Library of Congress Cataloging-in-Publication Data

Intemational Conference on Multiple Objective Decision Suppornt
Systems for Land, Water and Environmental Management: Concepts,
Approaches, and Applications (1st : 1996 : Honolulu, Hawaii)

Multiple objective decision making for land, water, and
environmental management : proceedings of the First International
Conference on Multiple Objective Decision Support Systems (MODSS)
for Land, Water and Environmental Management: Concepts, Approaches,
and Applications / edited by S.A. El-Swaify and D.5. Yakowitz.

p. cm.

*Honolulu, Hawaii, September, 1996~P. xvi.

Includes bibliographical references and index.

ISBN 1-57444-091-8

1. Natural resources—Management-Congresses. 2. Multiple
criteria decision making--Congresses. 1. El-Swaify, S. A. (Samir
Aly) 1L Yakowitz, D. S. (Diana 8.) Il Title.

HCI31544 1996

333.7—dc21 97-48330
cr

This book contains information obtained from authentic and highly regarded sources. Reprinted material
is quoted with permission, and sources are indicated. A wide variety of references are listed. Reasonable
efforts have been made to publish reliable data and information, but the author and the publisher cannot
assume responsibility for the validity of all materials or for the consequences of their use.

Neither this book nor any part may be reproduced or transmitted in any form or by any means.
electronic or mechanical, including photocopying, microfilming. and recording, or by any information
storage or retrieval system, without prior pemmission in writing from the publisher.

All rights reserved. Authorization to photocopy items for intemal or personal use, or the personal or
internal use of specific clients, may be granted by CRC Press LLC, provided that $.50 per page photocopied
is paid directly to Copyright Clearance Center, 27 Congress Street, Salem, MA 01970 USA. The fee code
for users of the Transactional Reporting Service is ISBN 1-57444-091-8/98/50.00+$.50. The fee is subject to
change without notice. For organizations that have been granted a photocopy license by the CCC, a separate
system of payment has been arranged.

The consent of CRC Press LLC does not extend to copving for general distribution, for promotion, for
creating new works, or for resale. Specific permission must be obtained from CRC Press LLC for such copying.

Direct all inquiries to CRC Press LLC, 2000 Corporate Bivd., N.W.,, Boca Raton, Florida 33431.

© 1998 by CRC Press LLC.
Lewis Publishers is an imprint of CRC Press LI.C

No claim to original U.S. Government works

International Standard Book Number 1-57444-091-8

Library of Congress Card Number 9748330

Printed in the United States of America 1 2 3 £ 5 6 7 8 90
Printed on acid-free paper



