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Introduction

Rangelands are estimated to cover more than 40% of the land surface of the

earth. They are characterized by low and highly variable precipitation and sparse

vegetation comprised mostly of grasses, forbs, and shrubs (Branson et al. 1981).

Historically these lands were considered of little value and were used primarily

for livestock production. However, in recent years, the broad-based value of

these lands has been recognized and demands for multiple use management have

greatly increased. In addition to livestock production, rangelands must now be

managed for wildlife and fishery habitat, ecosystem biodiversity, recreation, and

aesthetics. With nearly 364 million hectares of rangeland in the western half of

the United States, the proper management of these lands is critical to the water

quantity and quality issues facing many urban and agricultural areas throughout

the 17 western states.

Krueger (1988) defined range management as the science and art of manipu

lating the plant and animal components of rangeland ecosystems to produce a

sustained yield of desired products without damaging the basic resources. This is

very difficult to accomplish given that .rangelands are a vast, complex, and

diverse resource. Many rangeland ecosystems exist and most are fragile and very

sensitive to management effects. Dry climates combined with highly variable

soil conditions produce extreme spatial and temporal variation in rangeland veg

etation. In more arid rangeland ecosystems, management responses are usually

very slow and often require a decade or more to evaluate.

Scientific Models as Management Decision Aids

The complex problem of managing rangelands for an increasing intensity of

multiple use has made it necessary for natural resource managers to seek out new

tools to assist them in making management decisions. They have turned to the
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research community to find such tools. Over the past 25 years, researchers have

built many mathematical computer simulation models of various components of

different agricultural production systems, but only a few models have been

developed specifically for rangelands (Weltz et al. 1996, Carlson et al. 1992,

Lane et al. 1992, Bouraoui and Wolfe 1990, Stuth and Lyons 1993, Singh 1995).

As a consequence, rangeland managers have attempted to apply models devel

oped for cropland systems to western rangelands with little change to accommo

date the unique aspects of rangeland systems. This can lead to the inappropriate

application of models and to erroneous management and policy decisions.

Many problems arise when applying a mathematical computer simulation

model developed as a research tool to make land management, planning and pol

icy decisions. Researchers develop complex models of the real world to aid in:

1) sharpening definitions of hypotheses, 2) enhancing communications, 3) defin

ing and categorizing the state of knowledge, 4) providing a mechanism for a par

ticular system, 5) conducting experiments in place of real world experiments, 6)

planning efficient real-world experiments, 7) determining the progress of

research, 8) disseminating information, and 9) predicting the response of real

world systems (USDA-ARS 1978). This model development process is particu

larly useful for trying to understand the complexity found within most natural

systems, but the end products are often not directly usable by land managers.

In contrast, natural resource managers need decision aids to help them solve

specific real world problems. This often requires different information and appli

cations than that provided by most research models. Land managers need the

ability to efficiently plan and predict the possible consequences of different man

agement alternatives (Wight 1988, Carlson et al. 1990). Decision aids are used in

management to make long-term predictions, evaluate and choose the best man

agement alternative and assess the risk of a particular management decision

(Wight and Hanks 1987). Land managers are commonly faced with real world

problems which require information relative to such things as: 1) the influence

of grazing on water and vegetation resources, 2) surface and ground water qual

ity, 3) the impact of range improvement practices, 4) the impacts of vegetation

manipulation on water resources, 5) the influence of climate change on vegeta

tion, 6) water supply forecasts, 7) flood forecasts, 8) the status of wildlife and

fishery habitat, 9) feasibility of watershed restoration, and 10) the impact of

applying sludge and animal wastes to grazinglands.

To date, very few real-world problems have been solved using mathematical

computer simulation models (Wagenet 1988). This is due to many factors which

make models inappropriate or difficult to use. To properly use a research model,

a user is first required to fully understand the objectives, functions, assumptions

and limitations of the model. The user must be certain that the model operates at

the right resolution and detail, and provides required information at an accuracy

appropriate to the problem. Acquiring such a level of understanding about a

research model is very difficult and time consuming. Determining whether a par

ticular simulation model is applicable to a specific real world application, when

the model has not been validated or tested for that specific application, is at best.
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Another factor influencing the use of research models for field applications is

their ease of use. The resources needed to parameterize and calibrate many

research models often exceed the value of the information provided by the model

simulation. Models often require input information which is not readily available

and difficult to collect, or may not exist. Many models are also functionally dif

ficult to operate and their output is difficult to interpret Building input files and

interpreting model outputs often requires technical expertise which many users

do not possess.

The usability of research models has been improved in recent years by

improvements in computer technology. A variety of computer-based tools can be

brought together into what is often referred to as an "expert system" to improve

the overall quality of the user's interaction with a computer simulation model.

An expert system usually contains a graphical interface which improves the

user's dialogue with the computer itself. A graphical interface can provide easy

to interpret data entry screens and more interpretable representation of model

outputs. An expert system can facilitate model parameter estimation by asking

relative questions and applying appropriate estimation algorithms. An expert sys

tem can also ease the handling of model inputs and outputs by linking the simu

lation model with geographic information systems and other database manage

ment systems.

Simulation Modeling and Problem Solving

Mathematical computer simulation modeling has become a central focus of

watershed research and information dissemination (Thurow 1996). This has been

derived over the past three decades by engineers who are highly trained in math

ematics and have developed mathematical computer simulation models for use

in watershed research. Such a focus on modeling has lead to the paradigm that

the best solution to a natural resource field problem is some kind of computer

simulation model. However, natural resource managers have tried to apply

research models in the field and have failed for a great variety of reasons

(Wagenet 1988). Rather than designing and building a better solution to the prob

lem, researchers have worked to improve existing models so they will be applic

able to field problems. New computer-based technology is continuously

employed to enhance existing research models to finally make them "usable" in

the context-of addressing practical management challenges.

Natural resource managers need solutions to complex problems which are easy

to use. To accomplish this task demands not only new and improved technology

but also improvements in all phases of solution development and implementa

tion. A common belief is that solutions to problems are attained primarily

through improvements in technology (such as computer hardware and software)

and thus, technological advances are commonly overemphasized when solving

field problems. Better technology can help produce improved results; however,
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when trying to solve complex multidisciplinary problems limitations are often

organizational rather than technological (Over 1993 and Alessi 1994). As prob
lem complexity grows and teams of interdisciplinary experts are brought togeth

er to solve the problem, organization and communication of information often

become the limiting factors rather than technology. Focusing only on technolo

gy can result in premature selection of trendy solutions and/or solving the wrong

problem. Often the problem quickly becomes how to get the technology working

and the objective of solving the original problem is overlooked (Wymore 1993).

The current situation in natural resource management is that many field prob

lems for which potential technological solutions exist are not being solved. This

is because all phases of the development of a problem solution are not adequate

ly addressed. Solving a problem begins with a complete definition of the prob

lem, and only then can an appropriate solution be designed and built. Once a

solution exists, it must be tested, modified if necessary, and implemented in the

field and eventually replaced by a different solution. Typically, the problem solv

ing process emphasizes designing and building a solution, and slights the critical

steps of defining the problem and field testing the solution.

Solving Real World Problems

A solution to any problem is simply the appropriate interaction of people,

mechanical hardware and software with elements of the natural environment.

Any such solution can be thought of in theoretic terms as a system. A system is

anything which takes in inputs, processes those inputs and produces some kind

of output. A discipline known as systems engineering has been developed to pro

vide a theoretical foundation for the design and construction of systems for solv

ing problems (Alessi 1994). Wymore (1993) defines systems engineering as "a

discipline the principal concern of which is the responsibility to ensure that all

requirements for a human-machine-software system are satisfied throughout the

life cycle of the system". The life cycle of a system refers to the sequence of steps

or phases that exist in defining, building, testing, implementing and replacing

any system.

Producing a solution to a field problem has five basic components: 1) problem

definition, 2) solution building, 3) problem solving, 4) solution update, and 5) the

human interaction and communication needed to successfully produce compo

nents 1) - 4). Figure 7-1 is a high level functional diagram of what a typical solu

tion process might look like for any given field problem.

The first step in defining a problem is to identify all the people, organizations

and entities which have the right to contribute to defining the problem and spec

ifying a solution. These are the "customers" of the problem (Wymore 1993). The

problem definition phase is where the customers define the requirements of the

solution system which will be built to solve the problem. The requirements are

then rigorously documented to facilitate communications to all involved in the

project. System requirements are such things as:
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1. What is the solution supposed to do?

2. What are its objectives?

3. What inputs must be processed and what outputs must be produced?

4. How well must the solution operate?

5. By what criteria will the finished solution be judged?

6. What resources exist to build, operate and maintain the solution?

7. What are the tradeoffs between how well the solution must operate and

how much the solution will cost.

8. How can it be proven that all solution requirements have been met?

9. How can. it be proven that the solution does indeed perform adequately

and that resources have been used as predicted?

10. How can it be proven that the solution is acceptable.

System requirements can be classified into six categories: 1) input/output

requirements, 2) technology requirements, 3) performance requirements, 4) uti

lization of resources requirements, S) tradeoff requirements, and 6) system test

requirements. Input/output requirements define in detail what inputs the solution

system can take in and what outputs it must produce. This includes both quanti

tative and qualitative information. Technology requirements define what is avail

able to build the solution system. This can define what components will or will

not be used in the construction of the system. For example, a particularly haz

ardous component can be excluded from use or an existing piece of equipment

can be required to be incorporated into the solution system. Performance require

ments state how well the input/output requirements must be met. The measures

of how well the system must function must be stated in terms of inputs used or

outputs produced by the solution system. Utilization of resources requirements

1.

s'

s'
y

Problem

Definition

V- 2'
Solution

Building

■ Solution

' Update

3, Problem

Solving

Fig. 7-1. Functional diagram or the .steps involved in developing a solution to any prob

lem.
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define how much the solution system can cost to build and operate. The tradeoff

requirements specifies how the performance of the system will be traded off

against how much the system costs. The performance, utilization of resource and

tradeoff requirements are stated in such a way that any two solution systems

which meet the input/output and technology requirements can be ranked and

compared to determine which best solves the defined problem. This is accom

plished by using multi-decision making tools. The system test requirements

define how the solution system will be observed and how it will be determined

whether the system meets the defined system requirements and if the system ade

quately solves the defined problem.

Solution building encompasses the design, construction and testing phases of

the system lifecycle. The system requirements outlined in the problem definition

phase are used to select the most appropriate solution system design. Detailed

specifications for building the selected design are then developed and communi

cated to the solution builders who actually build the solution. The solution sys

tem must then be tested using the specifications previously outlined in the prob

lem definition phase. System testing is a vital component of building a quality

solution which is often sacrificed for lack of time and money. Many times if a

system is tested at all, system test requirements are commonly defined after the

solution system is built. This can lead to improper test specifications based on the

system which has been built rather than on the system which should have been

built.

Problem solving encompasses the implementation, operation and maintenance

phases of the system lifecycle. This is the point where the solution will fail if all

requirements for the solution system have not been accounted for in the problem

definition and solution building phases. If the solution system meets all the spec

ified system requirements, then solving the problem can be easily accomplished.

Solution update is the assessment, modification and replacement phases of the

lifecycle of a system. Every solution put in place should have a plan for when

and how the system will be evaluated, updated or replaced in the future.

Most multidisciplinary projects that fail to solve their assigned problem do so

because of poor team interaction and/or communication (Over 1993 and Alessi

1994). People and interpersonal communications comprise the basic infrastruc

ture for getting a problem solved (Schuster, 1990, DeMarco and Lister 1987).

This component is usually left to an appointed ad-hoc team of people with no

thought given to team dynamics or communications. When interdisciplinary

teams are formed to solve problems, it must be recognized that a team is com

prised of various roles knit together by a process for interaction. A process such

as that discussed above is what keeps everyone focused on the project goals and

objectives, but it is the team which must carry out that process.

To build a formal team requires documentation of each role, job responsibility,

and member interaction including the team leader (Schuster 1990). Different

roles and job responsibilities require different skills and abilities of team mem

bers. For example, some jobs require strong interpersonal skills while others

require critical or abstract thinking skills. The same individual does not always
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interpersonal skills while others

same individual does not always

possess the ability to play all roles required on a team. They may succeed at one

job and fail at another (Masselle and Rhodes 1993). The disciplines of systems
engineering, software engineering, knowledge engineering, total quality man

agement, management science, adult education, farming systems research and

extension can provide further information and ideas on how to organize and man

age multidisciplinary projects and successfully integrate the problem solving

process with the task of team building.

Summary

The current situation in natural resource management is that land managers

desperately need help in solving a variety of complex interdisciplinary problems.

However, very few solutions are being developed and successfully employed to

actually solve these problems. Currently, the accepted paradigm for building a

decision aid to solve a problem is to adapt a computer simulation model built for

research purposes to make it applicable to the real world. This does not work. To

date, very few field problems have ever been solved using a research computer

simulation model. The issue is not that the research models are no good, the issue

is that real world problems are not adequately defined and thus, appropriate solu

tions are rarely designed and built to solve them. More time should be spent

defining problems and engineering proper solutions and less time spent trying to

make research models applicable to the real world. Computer models are attrac

tive solutions due to their cost effectiveness, but they generally do not provide

what the user really needs to solve their problem.
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