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PREFACE 

This is the fourth in a series of working papers produced for the Forestry For Sustainable 
Development (FFSD) Program at the University of Minnesota that represent work in 
progress. Their purpose is to stimulate discussion among individuals working in the field 
of interest. 

The major objectives of the FFSD Program are to: 

1. Jmprove the availability and usefulness of existine technical knowledge related to 
forestrv for sustainable develo~ment - translate state-of-the-art scientific and 
technical information into practical and easily usable management guides and 
training materials that can be used effectively in planning and implementing 
development projects that will contribute to sustainable development; and 

2. --f rove t li nt to encourage a m  'cation o 
sustainability strateHes - identify and develop effective institutional mechanisms, 
both at the policy and project levels, for introducing sustainability strategies into the 
development planning process at an early enough stage to influence project or 
program design. 

The focus of the Program is on social forestry and related strategies within a watershed 
management framework as an integrating mechanism for moving toward sustainability in 
land use and in natural resource-based development projects. It involves an interdisciplinary 
group of faculty from the University of Minnesota, and associates at the University of 
Arizona, Yale University, Oxford University, the InterAmerican Development Bank, and 
other development groups. The FFSD Program is part of the University of Minnesota's 
Center for Natural Resource Policy and Management in the College of Natural Resources. 

The FFSD Program is supported by a grant from The Pew Charitable Trusts, by the 
University of Minnesota's College of Natural Resources and Department of Forest 
Resources, by the Minnesota Agricultural Experiment Station under Projects 42-25,4240, 
and 4249 of the McIntireStennis Cooperative Forestry Research Program, and by 
contributions from other organizations. Published as contribution no. 16,277 of the 
Minnesota Agricultural Experiment Station. 

For further information regarding the FFSD Program, contact: 

Dr. M e n  L Lundgren, Program Director (612) 624-1277, or 
Dr. Hans M. Gregersen, Professor (612) 624-6298 
Department of Forest Resources 
115 Green Hall 
University of Minnesota 
1530 North Cleveland Avenue 
St. Paul, Minnesota 55108, U.SA. Fax: (612) 625-5212 



Water quality impacts from development activities can make a significant difference in the 
perception of success or failure of a project. Traditional monitoring programs to detect and 
manage those impacts are expensive, complex and d=cult to use. We suggest that there 
is a need to develop simpler, more practical decision support tools that can be used to guide 
project managers in: 

a) assessing and monitoring impacts of various development activities; 
b) tracing a series of observed impacts back to probable causes; 
c) identifying corrective actions (i.e., technical solutions) that would mitigate observed 

impacts; and 
d) understanding the economic and social impacts of various technical solutions. 

We suggest that assessments should use a series of integrative indicators developed 
specifically for water quality monitoring in a given region. Indicator variables would be 
based on practical, simple field techniques that are usable with the skills and technologies 
available, are readily interpretable and support defensible decision making. The variables 
should be packaged in field book and laptop computer formats that allow a user to pose 
questions about: likely water quality impact(s) of a development project, likely cause(s) of 
observed water impacts, most useful "minimum data setn representing a water quality 
monitoring design, and/or possible prescriptions for observed water quality impacts. Such 
prescriptions should also involve assessment of the economic and social impacts of suggested 
alternatives. That is, a monitoring design is not useful if it is too costly to implement, or 
if it presents technical solutions that are not politically or economically feasible. In all cases, 
the focus should be on practical tools that can be adopted and used under the economic and 
physical realities present in the region under consideration. That implies that the 
monitoring designs and tools must be economical as well as practical, and must be 
conceptually clear so that adoption by local management teams will be most likely. It 
further suggests that there are generic concepts and tools useful on a global basis, but that 
local/regional caliiration will be required. Here we suggest that such models and tools be 
developed first in the Windward and Leeward Islands of the Eastern Caribbean as an 
example of the approach. Based on that exemplary application, the procedure for 
development of the package would be modified and adapted for use in other regions of the 
world. 
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Expanded production and consumption of goods and services can help increase the welfare 
of the urban and rural poor in developing countries. Sustaining such expanded production 
over time requires protection of the natural resource base upon which the production 
depends. A need to recognize that production-protection relationship underlies the concept 
of sustainable development. 

Moving more toward sustainable development (or away from nonsustainable development) 
requires, in many cases, major policy adjustments that set the stage for "production with 
protection." However, as Warfosd (1987) has pointed out, success also depends on the very 
specific, local actions of the millions of individuals who produce and consume resource-based 
goods and services. National level policy and local level action +re requisite partners; neither 
alone can solve the problems of nonsustainable development. Recognition of that linkage 
provides one of the major philosophical underpinnings of the Forestry For Sustainable 
Development program (FFSD) (Gregersen and Lundgren 1987). 

Sustainability issues are being discussed actively around the world. Many of those discussions 
are focused on the local level action side of the equation. One of the major concerns of the 
FFSD program in this area is to identify ways we can take the most sophisticated technological 
and scientific knowledge available and turn it into simple, practical tools for local action to 
increase the sustainability of human welfare on the ground. The FFSD effort involves 
developing the tools themselves and then linking them to broader policy intervention to ensure 
that the tools are effectively and widely used. It does little good to have an effective tool 
available for identifying, for example, emerging water quality problems if the policy 
environment and means for using that knowledge are lacking. 

This paper suggests a three stage approach to developing effective local level action to avoid 
or reduce nonsustainability elements in development programs. The frst  stage involves 
development of monitoring tools that provide us with early warning signals when elements of 
nonsustainability are developing. The second stage involves development of a practical means 
for determining the causes of observed changes and how those causes can be addressed 
through technical prescriptions. The final stage in the overall approach involves adaptation 
and choice of technical options in light of the existing policy environment, the existing 
economic and social conditions which shape the problems being addressed, and the potential 
for changes in both the policy and social-economic conditions. 

Associate Professor, Professor, Research Associate, Graduate Research Assistant, and Assistant Professor, 
respectively, Department of Forest Resources, College of Natural Resources, University of Minnesota, St. Paul, MN 
55108. 



Although the approach suggested here could be applied to any environmental quality issue 
area, the specific focus in this discussion is on water quality changes. In current practice 
water quality is considered a component of development only when problems require 
attention. For example, a significant change in public health, or problems with operation and 
maintenance of a public water supply, result in interventions to treat those specific problems. 
In order to reduce the nonsustainability of development efforts, water quality issues must be 
addressed in such a way that linkages between upstream development impacts and 
downstream water management are well understood. 

Changes in land use in a watershed frequently result in significant water quality impacts 
downstream (e.g., to a fishery, a water supply, an irrigation system or a coastalzone). In some 
cases such changes represent acceptable costs of development (i.e., impacts are not always 
unacceptable). However, development conducted without awareness of impacts is not 
acceptable. Sustainable development involves conscious decision-making where alternative 
courses of action and their impacts are weighed against each other. 

The current failure to incorporate water quality considerations into many development 
projects results in a reduced ability to sustain downstream uses, and in a long term 
degradation of the environment (e.g., loss of diversity, reductions in fishery productivity, loss 
of soil nutrient reserves). Those impacts now come as surprises to management agencies, 
usually at a place and time far removed from the specific project. We suggest that 
incorporation of water quality considerations into design, assessmerh, management and 
evaluation phases of a project will avert those surprises. 

Many recently developed water quality monitoring designs attempt to incorporate new 
technologies and tools that are beyond the need (and resources) of local managers in 
developing countries (Perry and Blinn 1987). As these designs generally attempt to address 
all concerns simultaneously and try to make large advances all at once, they frequently 
overwhelm the absorptive capacity of local managers and technicians dealing with water 
quality issues (Gladwell 1986, Hollick 1986). What is needed are incremental advances that 
realistically can be absorbed into existing management systems, given the political and 
economic realities surrounding such systems. 

The point to emphasize is that significant improvements in local water quality management 
can be made by incremental changes in current operations supported by enlightened policies. 
Evolutionary rather than revolutionary changes in management are needed. This is the only 
politically realistic way to approach water quality management problems (Gross 1986). If we 
can provide managers with easily used tools that relate development 
impacts over time, and with monitoringvariables that allow those 
enough for action, it can make their work much more effective (Ruddle and 
Smith 1987). 

A SUGGESTED APPROACH 

In sum, the approach suggested here involves: 1) development of simple, practical methods 
of generating information on actual or potential water quality problems; 2) identification of 
links between such information and cost effective means of correcting existing problems and 
avoiding potential problems; and 3) ways in which policy level activity can be linked more 
effectively to local level actions. The general structure of the approach could be developed 
and applied anywhere. However, the specifics of the system developed would vary with the 
environmental, political and economic conditions encountered. 



To make our suggestions more concrete, we have chosen to illustrate the approach with the 
specific conditions of the Caribbean Region as an example. This region was chosen for several 
reasons, including our own current involvement there. Our awareness of the water quality 
issues of concern to managers in the Region has arisen through our work in the Eastern 
Caribbean during the last two years (Perry and Blinn 1987, Blinn and Perry 1988). In that 
work, which was supported by the United States Agency for International Development 
through the Caribbean Agricultural Extension Program (CAEP), we have attempted to 
increase the role of data in policy level decision making. 

During our travels in the region, we have discussed water quality data management and the 
need for more practical water quality monitoring designs with many local and regional 
managers. Common responses to the question "What are the key issues?" include the 
following (after Perry and Blinn 1987): 

. there is not enough useful hformation upon which to base decisions 

. additional data collection is very expensive 

. no one seems to know what happened to the data that were collected by the last 
monitoring effort. 

There is agreement that: 1) adefmite need exists for practical, simple field methods that are 
widely applicable (Perry et al. 1986); 2) those methods must be useful with the skills, 
technologies and data currently available in the Region (Gladwell 1986); and 3) those methods 
must provide results that readily can be interpreted and defended, within a reasonable cost 
(Carpenter 198 1). 

We have found that oftentimes policies are made, and priorities are set, with very little data 
input. Data sets are often collected with little regard for the policy level questions that led to 
the development of the data collection effort (Elrnendorf and Buckles 1980, Huffschmidt 
1985). Individuals setting priorities, establishing policies and collecting data are very 
interested in increasing this data-policy or macro-micro linkage. However, they feel that they 
lack the tools for such a linkage (Smith 1987, Walther 1987). Our initial efforts have been 
directed toward development of data base management systems that will allow people to make 
better use of existing data (Perry and Blinn 1987, Kritayakirana 1987). 

The need for improved, practical water quality indicators and management tools in the 
Caribbean Region also has been indicated by others (e.g., Herricks et al. 1986, Bowonder 
1985). A brief summary of the existing problems in the Region are presented below before 
we discuss the specific approach we suggest be developed for dealing with the problems. 

Water Quality Management Problems in the Cari'bbean 

The nations of the Caribbean and Central America are experiencing rapid population growth, 
an expanding tourist trade, and increasing pressures on natural resources (Anon. 1987, 
Lackhan 1984). Coastal and inland water quality is one of the most significant resources in 
the Region. As a result of increasing land use pressures, water quality has been severely 
impacted (Watts 1988, Perry and Blinn 1987). Although many development projects include 
a focus on water quality management, the short term improvements in water quality produced 
by such projectshave not been sustainable. Thus water quality problems in the Region remain 
unresolved. 
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Many people in the Region do not have access to safe drinking water or sanitation (Feacham 
1975, Falkenmark et al. 1987). In addition, the economic base of the Region is centered 
around two competing components: 1) the tourism industry, which relies upon clean water, 
safe beaches, and attractive coastal zones; and 2) agriculture, light industry, and food 
processing which rely upon consumptive uses of natural resources and, in turn, impact water 
quality. Those two elements are often in conflict; as a result, governments have to resolve 
disputes regarding "acceptable" versus "unacceptable" changes in water quality and disputes 
regarding the source of various impacts. One of the areas most severely impacted is the 
coastalzone, which receives both surface and groundwater from the interior, has been subject 
to intense development, and serves as the interface with the sea. Yet that area has received - 
relatively little attention from people in relating human activity to ecosystem impact (Watts 
1988). 

The economic activities described above adversely affect downstream water quality through 
increases in sedimentation, toxic materials, bacteriological contamination from sources such 
as tourism, agriculture, light industry, as well 'as in many other ways. These water quality 
impacts threaten public water supplies (Feacham 1975), reduce irrigation water quantity and 
quality (Annis and Cox 1982), threaten the integrity and stability of the offshore reef and the 
fishery (Saejis et al. 1986), and cause loss of biotic diversity in streams, rivers, ponds, and 
nearshore areas (Dasmann 1985). Solutions to these problems e h t  now. Unfortunately the 
solutions are not implemented because decision-makers often are unaware of the extent and 
magnitude of the problems, and are not aware that solutions are available. There is thus a 
need for monitoring programs to detect and report impacts, as well as for tools useful in 
developing prescriptions to mitigate impacts (Anderson 1988, Blinn and Perry 1988). 

Any monitoring efforts and/or tools oriented toward prescriptions for the Region must 
consider long term, delayed and cumulative effects. Many of the actions taken on the land 
surface today will have significant effects that occur at some remote location (e.g., downstream 
or off-site), or that are only detectable after some period of time (Working Group on 
Watershed Management and Development 1988). For example, impacts such as reservoirs 
filled with sediment, depleted soil nutrient banks or reduced productivity of the aquatic 
resource may be both cumulative and delayed. Impacts such as a failure to sustain given levels 
of productivity within a cropping system, or nonsustainability of an institutional mechanism 
for development, represent long-term changes that will not be immediately apparent, but may 
emerge gradually over a long time period. In this latter case development activities may 
appear successful at the time of completion but later prove to be nonsustainable. Monitoring 
designs, and tools for improving sustainability have traditionally been weak in assessing these 
long-term, cumulative, and delayed effects (Perry and Dixon 1986). 

In sum, resource managers and governmental agents in the Region need to understand better 
the relationships between development activity and ultimate use of water resources affected 
by such a development. They need a practical method to measure impacts of alternative 
practices, using available skills and technologies. If we can provide managers with easily used 
tools that relate development activities to water quality impacts over time, and with 
monitoringvariables that allow those impacts to be detected early enough for action, resource 
management in the Region can be improved significantly (Ruddle and Rondinelli 1981, Smith 
1987). 



A Model for Water Quality Assessment, Monitoring, and Evaluation 

A set of indicators and tools to meet the needs of resource managers and government agencies 
in the Region is needed (Herricks et al. 1986, Bowonder 1985). This should include a set of 
field guidelines that will allow managers to quantitatively address three issues for different 
areas and conditions withimthe Region: 1) What are the likely extent and severity of water 
quality impacts from specific land use alternatives?; 2) What are the likely causes of specific, 
observed water quality impacts?; and 3) What variables represent the "minimum data set" that 
should be employed in monitoring an environment or a specific development activity through 
time? 

These guidelines should include: a) a calibrated set of quantitative water quality indicator 
variables that will facilitate economical, defensible decisions; b) field-book and laptop- 
computer based water quality monitoring and data management guides that will assist users 
in applying those indicator variables and encourage improved data storage and data analysis; 
and c) a training package presented throughout the Caribbean so people will be able to use 
the tools and programs developed. 

Relationships among development action, impairment of human use of the water resource, 
and monitoring variables can be descrlkd in the form of a model (Dixon and Perry 1986a, 
Wright and Greene 1987). In such a model, there is a series of formal or informal 
development activities (e.g., road building, land clearing for agriculture) on one level, and a 
series of human uses of water affected by such activities at another level. The interior of the 
model consists of a series of detectable changes in the environment. Thus, there is a chain of 
events that leads from development activity to impairment of human use, and there are 
discrete "markers" along that chain. If we measure an appropriate set of markers, we can 
identify causes (e.g., some development activity) and identify present or anticipated 
impairment in human use of the resource (Perry et al. 1985,1987; Perry and Troelstrup 1988). 

Such a model, if quantified and calibrated for a given area, would allow a user to pose 
questions about a development activity, to estimate its potential environmental effects and to 
identify the indicators which could be used most effectively to monitor those effects. Similarly, 
a user could pose questions about observed effects and their causes, and derive information 
about the variables that need to be measured in order to detect or isolate those causes. 
Finally, a user could select a subset of variables in the center of the model to be monitored 
for assessing over time changes in the relationships among any set of development activities 
and environmental effects. 

Watershed management is the science and art of addressing numerous biophysical and 
sociocultural variables in an integrated approach, and doing so in the context of a landscape 
unit (i.e., a watershed). Gregersen at al. (1987) have presented a graphic illustration of some 
of the interactions inherent in a watershed management approach (Figure 1). The figure 
illustrates the complexities involved in understanding economic and environmental impacts 
of a development project. 

We have selected a subset of the Gregersen et al. (1987) model to illustrate the role that 
water quality can play in an activity (Figure 2). The model in Figure 2 suggests that removal 
of forest cover and increased agricultural production can have many effects, one of which may 
be increased exposure of the soil surface. Exposed soil may lead (among other things) to 
increased erosion and increased delivery of sediment to the stream channel. The increased 
sediment would increase turbidity, and would (among other things) decrease capacity of the 
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public water supply and increase the rate at which water supply collection facilities have to be 
cleaned. Thus a relationship can be identified between forest and agricultural land use, and 
public water supply quantity and quality. These types of relationships are neither new nor 
unknown (Perry and Dixon 1986, Dixon and Perry 1986b, Najaran et al. 1986). What remains 
is to calibrate the relationships for the Caribbean-Central American Region, and package that 
information into a form that is readily usable by field practitioners. 

DESIGN LEVEL 
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F i  2 Format of a model for understanding water quality impacts. Model may be used to guide projed design, 
to design water quality monitoring programs, or to assm water qJality problems A product of the model is 
identification of potential pnxr@ons for mitigating unacceptable water quality conditions. Highlighted path is 
shown in more detail in Figure 3. 

In Figure 3 we have detailed one set of linkages in one chain indicated in Figure 2 to show 
the development of indicator variables. A user could enter the chain at any of three points 
(assessment, monitoring, or design). In each case there are a series of linked steps that follow 
throughout the model. Each development activity is associated with specific monitoring 
markers and specific environmental impacts that might occur. Similarly, monitoring results 
lead clearly to one or more potential causes and to clear suggestions of potential significance. 
Observed changes in the environment (i.e., a water quality impact) are then tied to a series of 
suggested prescriptions that could be considered. 



SUBSET OF A WORKING MODEL OF IMPACT ASSESSMENT AND DESIGN 
DESIGN LEVEL 

Figure 3. Detail of one pathway of a water quality assessment model. An activity (e.g., deforestation) produces 
several impacts, including soil disturbance. Soil disturbance producesseveral obse~ableresponsesincluding increased 
turbidity, which in turn may impair drinking water supplies. Model would include avenues to potential prescriptions. 
"Other" implies linkages to additional components of the model. 

Actions Needed to Make the Model Operational 

We suggest that it would be productive for resource management agencies to use an approach 
similar to that in Figure 2 to begin analyses of water quality issues. The calibrated model 
would be presented in field book and computerized format. Initially a user would follow the 
model format to identify the development activities and water resource uses most commonly 
encountered and/or the ones most significant to the water quality concerns of his or her 
region. We recognize that the issues, the resources, and the technologies may be specific to 
specific countries within the Caribbean Region (Ruttan 1986, Zuleta 1986, Chapman 1985, 
1987). However the types of problems being encountered, and the tools and techniques 
needed to address those problems have a generic component (Walther 1987). The basic 
principle we suggest following is that each development activity has its own unique set of 
attributes or markers that describe the ways in which it impacts water quality under given 
conditions. That unique set of attributes can form the basis of the field book and the 
modelling approaches developed. 

The basic strategy we suggest is to develop a catalog of the most common and/or most sig- 
nificant (from the standpoint ofwater quality impairment) land use practices and development 
activities in the Region, and then to develop a draft set of indicators for each. That catalog 
would be developed on the basis of interviews with development agencies and working 



counterparts in the Region, on-site reviews and the literature. The catalog of development 
activities and their potential effects would be calibrated to incorporate local and subregional 
variations in climatic, topographic and geologic conditions. For example the effects of 
development activities would be expected to be similar within, but differ between, classes such 
as windward versus leeward islands versus the mainland. Erosion and surface water concerns 
will be critical on steep lands such as St. Lucia, Grenada or Dominica. Groundwater quality 
and quantity will be of more concern in flatter, more coralline areas such as Antigua or 
Barbados. The identified attributes or markers would then be calibrated through field work 
in the streams, rivers, reservoirs, ponds, groundwaters, and coasts of the Region. 

In this particular example relationships would have to be established between: a) a series of 
typical development activities conducted in the Caribbean; b) a series of problems (impaired 
uses) that may occur as a result of those activities; c) a series of indicators that could be 
measured and interpreted by development agents in the field; and d) prescriptions that could 
be implemented to minimize or mitigate the effects of certain practices. This catalog of uses 
and relationships would then be packaged in a framework based on an expanded version of 
Figure 2, including.the kinds of details suggested in Figure 3. 

The package would be built into a loose-leaf notebook for use in the field. An expanded 
version of the package also would be built for use on inexpensive laptop computers, since these 
computers are becoming practical and useful tools in field management situations. In field 
use, a user might initiate interaction with the model at any of three levels: design, monitoring, 
or assessment. Outputs from such use might include suggested monitoring designs, 
identification of likely causes of observed problems, or likely downstream implications of an 
observed problem. Outputs could also include suggested prescriptions to resolve problems or 
mitigate impacts. An example describing those uses of the model is presented later. 

We suggest development of preliminary versions of indicator variables based on literature 
estimates. Those variables would be calibrated based on the catalog of development activities 
important to the Caribbean Region. Full calibration of these tools in all countries in the 
Region would be a very large effort. Therefore we suggest that initial calibrations be 
conducted in several watersheds on each of two landscape types in the Region: a Windward 
island (e.g., St. Vincent, St. Lucia or Grenada), and an island with Leeward characteristics 
(e.g., Antigua, Montseraat or Barbados). If the approach proves to be useful and effective, it 
could be expanded at a later date. 

ANTICIPATED OUTPUTS FROM THE APPROACH SUGGESTED 

The final products suggested for development are: 

1) A catalog of common/significant development activities; 

2) A unique set of simple, quantitative indicators (i.e., markers) describing the detectable 
water quality effects of each of those activities; 

3) A catalog of relationships between activities, markers, and human uses of the water 
resource; 

4) A tabulation of the social and economic significance of various water quality impacts in 
the Eastern Caribbean Region; 



5) A catalog of prescriptions available for mitigating or avertingspecific water quality impacts 
in the Region, each with an attendant level of economic and social significance; 

6) A field book format that facilitates tracing activiy to effect, tracing effect to cause, or in 
designing an appropriate water quality monitoring strategy; 

7) A lap-top computer version of the field book that allows users to consider a wider range 
of options; 

8) Examples from several watersheds in each of two Eastern Caribbean locales (i.e., 
Windward and Leeward islands); and 

9) A series of training sessions in the Region to present the tools and describe their use. 

EXAMPLES OF THE USE OF THE PRODUCE3 SUGGESIED IN THIS PAPER 

The following three scenarios represent alternative ways a manager might wish to use the 
-products suggested here (based on Figure 2). 

A. Project Design Level 

In this scenario an individual may be interested in designing a development activity and want 
to assess the potentialwater quality impacts. The following example of a development activity 
to convert native forest land to banana and root crop production illustrates the steps to be 
followed in the approach: 

1. Characterize the nature. extent and duration of the activiw 

The model would require that the development activity be described in some detail. For 
example: 'The watershed in question' is a steep, south-facing, 500 ha system on St. Lucia, 
dominated by native trees. We will remove 80% of the forest cover using chain saws, axes and 
hand labor. Trees will be winched down to a road in the valley, and sold on the commercial 
market. The remaining land will be cleared by hand. Bananas will be planted on a specific 
spacing (i.e., 3 m) and a root crop (dasheen) will be intercropped. Vegetation will be 
removed from approximately 50% of the land surface; a vegetative cover will return within 90 
days. The banana and root crops will be,harvested about every 9 months. During harvest of 
the root crops the soil surface will remain bare for about 30 days." 

2. Characterize the water resource: 

The model would ask a series of questions to obtain more complete information about 
topography, rainfall, soil type, distance from bottom of plot to stream, distance from plot to 
water supply intake, intensity of pesticide and fertilizer use, extent and severity of land use 
change, and other information required for evaluating alternatives. Some information would 
not have to be entered. For example, certain climatic characteristics may be sufficiently 
uniform that, once a user specifies a class of system (e.g., a Windward island) the model 
calibration data may be able to provide default choices that the user could then accept or 
modify. The user would have the option of saying that some information was not available. 
In those cases, certain aspects of the evaluation would not be as precise as they could be if 
additional information were available. These areas might be flagged for further research. 



3. monitor in^ variables: 

Based on the answers to the questions in (2), the model would select the variables to be 
monitored, and suggest the frequency of monitoring. That is, the model would present the 
"what, when and where" of monitoring. Additional information in an appendix (of the field 
book) or on a help-screen (of the computer) would also be available to present the "hown of 
monitoring, if desired. These variables would be measured after project implementation, and 
would be designed as "early warning signals" to alert managers to impending problems 
following project implementation. These variables are the water quality indicators of 
nonsustainability that we suggest be developed (Gregersen et al. 1987, Brown et al. 1987). 

As an example, there may be a suggestion that water transparency and settleable solids be 
measured at the entrance to a canal system after every major storm, or that stream banks be 
examined for signs of recent erosion on a schedule of every three months, or that specific 
sensitive biological indicators of water quality be measured monthly at stations above and 
below a development project, as well as above the intake of a public water supply. 

If users were not familiar with the monitoring variables, they would have access to a series 
of detailed descriptions to describe the collection and analytical methods for suggested 
variables. It should be stressed that we are striving not for the most scientifically sophisticated 
methods, but instead for practical tools that actually can be adopted and used under the 
economic, technical, and physical conditions present. 

It is not possible at this stage of the development to discuss variables and methods in detail 
since they would be developed in a specific project. However, as an example, sediment 
transported in a stream might be seen to be a valuable indicator. The methods section would 
present a brief paragraph about the goals and objectives of a sediment measurement in order 
to give the user a clear idea of what he or she is trying to measure. Then paragraphs would 
be presented that described the simple measuring tool(s) needed, the use of it (them) in the 
field, example data sheets for tabulating field results or recording field information, and 
comments on how to determine what samples to take, in what way, and over what time frame. 
Additional information would be presented later that would assist in interpretation of the 
results of these samples after the data had been collected. 

If a given individual were using the laptop computer version of the package, they could return 
to this element of the program and enter their field results. That would then allow interaction 
with the model to assist in interpretation. For example, a user may report that turbidity was 
very high after the storm, and there were 4 instances of bank erosion in a 500 meter reach. 
The model would then offer comments on potential significance to downstream users, such as 
increased likelihood of clogging drinking water filters and potential impact on stream fish 
populations. In our example, the model might also suggest that the results are: (a) probably 
very significant for the water supply intake; (b) only marginally significant to offshore coral 
reef habitats; and (c) probably not of significance to soil productivity within the banana 
plantation. Then it might further suggest that additional monitoring is needed, and would 
specify variables, locations and frequencies. 

Through the long term this component of the model would lead toward development of an 
"expert system" for water quality management. The idea of an expert system is that the 
practical experience of several individuals can be incorporated into a series of decision-making 
rules. People make decisions by comparing the current situation to a series of alternatives, 
and to an historical experience base. In an expert system, a computer is equipped to offer 



decision-making guidance in the same way that humans act. In our example, the significance 
of different levels of a contaminant, or the contamination resulting from a development action, 
would be entered into a data base. That data base would then serve as the historical record 
for future decision-making. Although this expert system component of the program can be 
both powerful and informative, it requires extensive calibration and experience. Therefore, 
we regard development of this part of the program as a long term activity. More immediate 
products will include the straight-forward field book and lap-top computer tools described 
earlier. 

4. Technical Presmbtions 

At this stage the user would have access to a series of suggested technical prescriptions 
(management practices and/or mitigating techniques) that may be useful in controlling 
impacts. Given thewatershed characteristics, the development activities being conducted, and 
the water quality impacts, the model would then offer a series of corrective actions or 
prescriptions that could play some role in correcting the observed or anticipated problems. 
As wide a variety of prescriptions as possible would be presented so that the most appropriate 
ones could be further evaluated. Examples of prescriptions might include stream-side buffer 
strips of specified width and nature, terraces in the watershed, grassed waterways, altered 
drainage patterns, leaving green vegetation on the watershed for'longer periods of time or in 
different spatial or temporal patterns, harvesting and planting at different times of the year 
to take advantage of rainy and dry spells. In another case the level of pesticides being applied 
may fa1 outside the range of normal for the given conditions on this watershed in this country 
or region. That may be endangering downstream uses, so the model may suggest that 
reductions in pesticide use should be considered. 

5. Economic and mlitical irn~lications 

Finally there would be a component of the model that addresses institutional considerations. 
The preceding sections address development of technical options for monitoring watefquality 
and for identqing specific water quality problems and the technical means ef dealing with 
them. That is, we have addressed: 1) identification of actual water quality related problems 
or potential problems (as in the case of project design); 2) identification of likely causes of 
such problems; and 3) identification and design of technical solutions for dealing with those 
problems. 

Once technical problems are we1 understood it is necessary to bring in the political, social 
and economic desirability of implementing alternative solutions (i.e., the institutional design 
for implementing solutions to water quality management problems as shown in the lower box 
of Figure 4). The usefulness of suggested technical solutions depends upon the extent to which 
they are adopted and used to develop improved water quality management. Such adoption 
depends in turn upon the political and economic contexts of the countries and institutions 
involved, and the extent to which technical solutions have benefits which exceed costs within 

- those contexts. Costs and benefits must be presented in terms of the particular economic, 
political, and social realities found in the country or region involved. 

In this framework an analysis would draw heavily upon the work already completed in relating 
water quality to health and other measures ofwelfare. Thus, much of this finalcomponent will 
consist of adapting existing social, economic and political analytical models (c.f., Gregersen 
et al. 1987; Gregersen and Contreras 1979) for application to the specific watershed 
characteristics and institutional setting being examined. 
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F i  4. Overall structure of the water quality assessment procedures suggested here. Problems are traced to likely 
causes, and potential solutions are identified. However, problems and solutions are descriied in the context of 
economic, social and institutional costs. Monitoring designs, or technical prescriptions that are economically, socially 
or institutionally impractical have limited (if any) use in resolving water quality issues. 

B. Monitoring Level 

In this case, a user may wish to conduct an ongoing assessment of land use practices and 
water uses, in order to guard against the occurrence of unforseen problems. Here the 
procedure would be: 

1. Characterize the watershed(s1: 

The model would ask a series of questions such as those in A.2. above. 

2. Characterize the uses of the water resource: 

The model would ask a series of questions about the ways that people use the water resource. 

3. Measurement variableslmonitorine design rmidance: 

The model would suggest certain variables and frequencies for measurement, and would allow 
data storage and preliminary analysis, as in A.3. above. 

C. Problem Assessment Level 

In this case, a user may have one or more reported problems on the watershed, usually 
reported in terms of impaired uses. For example, there may be tastes or odors in the water 
supply, bacterial contamination problems reported by the Health Department, inadequate 
water volume, reports of offshore fish kills in or near estuaries, or accumulation of sediment 
in water-plant settling tanks. In this section the questions lead to potential causes of the 



observed problems, and suggested prescriptions. The steps to be followed in this case would 
be: 

1. Characterize the uses of the water resource: 

Similar to B.2. above. 

2. Characterize the ~roblems reported drom the watershed: 

The user would respond to a series of menus representing water resource problems. 

3. Characterize the  watershed!^): 

The model would ask questions like those in A.2., but the questions would be limited to those 
necessary to draw conclusions about the specified uses. 

Initially the model would ask a series of questions interided to take the user from the bottom 
of Figure 2 to the top. If the user were able to answer a l l  the questions, one or more suggested 
causal land use practices would be presented. The user would then have access to a dictionary 
of prescriptions, as listed in A.4. 

If the user were unable to answer the questions, the model would suggest a data collection 
program, similar to that described in B.3. 

CONCLUSIONS: AN AGENDA FOR ACTION 

Water quality is a highly valuable, and severely impacted resource in the Caribbean Region. 
Knowledge and techniques to reduce impacts are currently available. However, solutions 
remain difficult or impossible to .implement because of limitations in monitoring and 
assessment programs, among other thing. 

The concepts and procedures suggested in this paper represent the first steps in attaining 
solutions to water quality problems in the Caribbean Region. We have presented guidelines 
and suggestions for resolving thelimitations in monitoring and assessment, includingattention 
to economic impacts of current and alternative practices. The following steps would 
accomplish the goals and objectives outlined here: 

1. Develop a catalog to describe development activities in the Caribbean Region. For each 
significant activity, the catalog should address potential water quality impacts and local 
climatic, topographic, geologic and social-institutional variables that are expected to influence 
those impacts. The catalog should be automated to facilitate retrieval and analysis, and to 
increase its utility in the following steps. 

2 Conduct a review to identify candidate indicators of nonsustainability that might have 
value in assessing and monitoring the impacts identified in Step 1. Both biophysical and 
socio-economic indicators of response must be identified. The socio-economic indicators 
should be responsive to economic and biophysical implications of alternative management 



practices. In addition, indicators and monitoring/awssment programs must be economically 
defensible so they can be incorporated effectively into project development activities. 

3. Field test the draft indicators derived in Step 2. Tests should be conducted throughout 
the Region to isolate monitoring and assessment variables that have the most potential for 
application by field managers working under Caribbean and Latin American bio-physical and 
sociocultural conditions. 

4. Based on Steps 1 and 3, develop relationships between water quality problems, indicator 
variables, and management prescriptions. This step will ,allow managers to identify problems 
and their causes, and then to identify likely management prescriptions to alleviate those 
problems. In this context, indicators must be developed such that they lead to one or few 
specific development activities as the likely causes of identified water quality problems. The 
available prescriptions must be presented in sufficient detail to allow the user to weigh the 
biophysical and economic implications of water quality problems and the desirability of 
alternative prescriptions available to alleviate those problems. 

5. Package the indicators selected from Step 3, and the prescriptions selected from Step 4 into 
decision-making tools useful to field managers. These tools should be in the format of field- 
book and laptopcomputer tools presented in such a Way that they are readily useful in 
designing and implementing a monitoring program, and in guiding the interpretation of data 
that results from such a program. The emphasis in this step must be on developing tools that 
effectively meet the needs of field managers working with development projects in the Region. 

6. Train users in the field in the use of these decision-analysis tools, and then monitor the 
performance of the tools. Through training programs, managers in the Region should become 
familiar with the operation of the tools. They should be encouraged to use the tools in 
developing monitoring and assessment programs and in interpreting results from those 
programs. Further, however, the performance of the tools themselves should be monitored, 
and the tools should be changed as necessary to ensure that they continue to meet the needs 
of managers in the field. 



16 FFSD Workine P a m 4  

LITERATURE CITED 

Anderson, J. W. 1988. Approaches for evaluating environmental quality: scientific problems 
and management needs. Aquatic Toxicology 11:3 13-322. 

Annis, S. and S. B. Cox. 1982. The integration of small scale irrigation and village potable 
water systems in Guatemala. Water SUDD~V and Mana~ement 6:455-464. 

Anon. 1987. Watershed management: Montreal, Sain't Vincent. OECS-NRPM Project 
Report 2 SVG. 45 pp. 

Blinn, C. R. and J. A. Perry. MS. Improved water quality through application of management 
information systems: An example from the Eastern Caribbean. Submitted to Jour. 
Develo~in~ Areas. 

Bowonder, B. 1985. Strategies for managing environmental problems in developing countries. 
Environ. Prof. 7: 108-1 15. 

Brown, B. J., M. E. Hanson, D. M. Liverman and R. W: Meredith, Jr. 1987, Global 
sustainability: Toward definition. Environ. Manage. - 11:713-719. 

Carpenter, R A. 1981. Balancing economic and environmental objectives: The question is 
still, How? Environ. Im~act. Assess. Review 2:1757-188. 

Dasmam, R. F. 1985. Achieving the sustainable use of species and ecosystems. Landsca~e 
Planning 12:211-219. 

Dixon, R. K. and J. A. Perry. 1986a. ~ a t u i a l  resource management in rural areas of northern 
Pakistan. Ambio 15301-305. 

Dixon, R. K. and J. A. Perry. 1986. Upland watershed management in rural Pakistan. Jour. 
Amer. Water Works Assoc. 78:72-80. 

E1mendorf;M. L. and P. K. Buckles. 1980. Appropriate technology for water supply and 
sanitation: Sociocultural aspects of water supply and excreta disposal. Washington D.C.: 
World Bank. 52 pp. 

Falkenmark, M., A. K. Biswas, H. Hori, T. Ishibasi, G. Kovacs, P. Rogers, and H. I. Shuval. 
1987. Water related limitations to local development. Ambio 16:191-200. 

Feachem, R. 1975. The rational allocation of water resources for the domestic needs of rural 
communities in developing countries. In Water for human needs, Vol. II,539-547. New 
Delhi: C. V. J. Varma Publ. 

Gladwell, J. S. 1986. International cooperation in water resources management-helping 
nations to help themselves. Hvdrol. Sci. Jour. 31515-527. 

Gregersen, H. and A. Contreras. 1979. Economic analvsis of forestrv ~roiects. FA0 Forestry 
Paper 17. Rome: Food and Agriculture Organization (FAO). 193 pp. 



Gregersen, H. and A. Lundgren. 1987. Forestry For Sustainable Development: Concepts and 
a framework. FFSD Working Paper 1 (draft, December 15, 1987). 

Gregersen, H., K. Brooks, J. Dixon, and L. Hamilton. 1987. Guidelines for economic 
3%. FA0 Conservation Guide 16. Rome: Food 
and Agriculture Organization (FAO). 144 pp. 

Gross, A. C. 1986. Water quality management worldwide. Environ. Manage. 10:25-39. 

Herricks, E. E., D. J. Schaeffer, and J. A. Perry. 1986. Biomonitoring: Foundations. In & 
monitoring, ed. S. A. Levins. In press. 

Hollick, M. 1986. Environmental impact assessment: An international evaluation. Environ. 
Manape. 10: 157-178. 

Huffschmidt, M. 1985. The environmental dimensions of water resources management. 
Environ. Prof. 7:318-324. 

Kritayakirana, K. 1987. Science and technology resources: A database approach. Jour. Sci. 
Soc. Thailand 13: 123-132. 

Lackhan, N. 1984. Watershed management in Trinidad and Tobago. Commonw. Forestry 
Review. 63: 107-1 14. 

Najarian, T. O., T. T. Griffin, and V. K. Gunawardana. 1986. Development impacts on water 
quality: A case study. Jour. Water Res. Planning and Manage. 112:20-35. 

Perry, J. A. and C. R. Blinn. 1987. A water quality data base management system for eastern 
Caribbean Nations. Proc. Sixteenth Carib. Water Enms. Grenada. In press. 

Perry, J. A. and R. K. Dixon. 1986. An interdisciplinary systems approach to community 
resource management: Preliminary field test in Thailand. Jour. Developine Areas 21:31- 
48. 

Perry, J. A., E. E. Herricks, and D. J. Schaeffer. 1986. Innovative Designs for Environmental 
Monitoring: Are we asking the questions before the data are collected? In New 
A~~roaches  to Monitorinp of Aquatic Ecosvstems, ed. T. P. Boyle, 28-49. ASTM, STP 
940. 

Perry, J. A., D. J. Schaeffer, H. K. Kerster, and E. E. Herricks. 1985. The Environmental 
Audit 11: Application to Stream Network Design. Environ. Mmt. 9: 199-208. 

Perry, J. A. and N. H. Troelstrup, Jr. 1988. Whole Ecosystem Manipulation: A Productive 
Avenue for Test System Research? Environ. Toxicol. Chem. 7:941-951. 

Perry, J. A., N. H. Troelstrup, Jr., M. Newsom, and B. Shelley. 1987. Results of Recent Whole 
Ecosystem Manipulations: The Search for Generality. Water Sci. Technol. 19:55-71. 

Ruddle, K. and D. A. Rondinelli. 1981. Transforming natural resources for human 
development: A resource systems framework for development policy. United Nations 
University, Resource Systems Theory and Methodology Series, No 1: 87 pp. 



Ruttan, V. W. 1986. Toward a global agricultural research system: A personal view. 
Research Policv 15:307-327. 

Saejis, H. L. F., E. K. Duursma and W. T. Davoren. 1986. Integration of ecology in coastal 
engineering. Water. Sci. Technol. 16:745-757. 

Walther, P. 1987. Against idealistic beliefs in the problem-solving capacities of integrated 
resource management. Environ. Manape. 11:439-446. 

Warford, J. 1987. E l .  Washington, D.C.: Projects Policy 
Department, World Bank. 23 pp. 

Watts, D. D. 1988. Development and renewable resource depletion in.the Caribbean. Jour. 
Bioeeogra~hy 15: 119-126. 

Working Group on Watershed Management and Development. 1988. The role of watershed 
management in sustainable development. Working Paper 3, Forestry For Sustainable 
Development Program. St. Paul, MN: University of Minnesota, College of Natural 
Resources, Department of Forest Resources. 21 p. 

Wright, D. S. and S. D. Greene. 1987. An environmental impact assessment methodology for 
major resource.developments. Jour. Environ. Manape. 24:l-16. 

Zuleta C., J. C. 1986. Country size, level of development, relative importance of agriculture 
and agricultural research in LDCs. Univ. Minnesota D e ~ t .  Aeric. Econ. Staff Paper P86- 
42,47 pp. 



APPENDIX 

EXAMPLES OF RELEVANT LlTERATURE 

This series of literature citations provides an example of the material upon which such a 
project would draw. The list is not exhaustive, but is representative of the diversity and depth 
of literature available. 

Alberti, G. 1981. Basic needs in the context of social change. IN Harari, D. (ed). OCDE, 
Paris. 

Ahlstrand, G., M. Newsom, R. Zeyen and JA.  Perry. MS. Standards for X-ray microanalysis. 
Submission to Scanning Electron Microscooy. 

Anon. 1983. Ecological structures and problems of Amazonia. Proc. Syrnp. organized by Fed. 
Univ. Sao Carlos, Brazil, and IUCN. IUCN Commission on Ecolow Pauers No 5. 79 pp. 
(Contains 10 papers). 

Barbier, E. B. 1987. The concept of sustainable economic development. Environ. Conserv. 
14:lOl-110. 

Bhargava, D. S. 1983. Use of a water quality index for river classification and zoning of 
Ganga River. Environ. Pollut. Ser. B 651-67. 

Bhargava, D. S. 1983. Most rapid BOD assimilation in Ganga and Yamuna Rivers. Jour. 
Environ. Enw 109: 174-188. 

Bose, S. K., P. Roy and B. K. Dutta. 1982. Steady state water quality model of the Hooghly 
Estuary. Jour. IPHE. India 1982:145-152 

Bose, S. K. and B. K. Dutta. 1985. Water pollution control of the Hooghly Estuary within the 
Calcutta Metropolitan District. Jour. IPHE. India 1985: 32-41. 

Bose, S. K. and B. K. Dutta. 198?. Steady state and time varying water quality models for the 
Hooghly Estuary, India. Water Sci. Technol. ?: 257-265. 

Boxer, B. 1983. Institutional Issues. M SmaJl, L.E. Irri~ation - and Human Welfare pp 20-22. 

. Brezonik, P. L., L. A. Baker, J. Eaton, T. Frost, P. Garrison, J. Magnuson, J. A. Perry, W. 
Rose, B. Shepard, W. Swenson, C. Watras and K. Webster. 1986. Experimental 
acidification of Little Rock Lake. Water Air Soil Pollut. 31:115-122. 

Brezonik, P. L., J. Eaton, T. M. Frost, P. Garrison, T. K. Kratz, J. Magnuson, H. McCormack, 
J. A. Perry, W. J. Rose, B. K. Shepherd, W. A. Swenson, C. J. Watras and K. E. Webster. 
1986. Experimental Acidification of Little Rock Lake: Wisconsin: Baseline studies and 
predictions of lake responses to acidification. Special Research Report # 7, Water 
Resources Center, University of Minnesota. 43 pp. 

Brown, B. J., M. E. Hanson, D. M. Liverman and R. W. Meredith, Jr. 1987. Global 
sustainability: toward definition. Working Paper 2: Global Sustainability Project, Univ. 
wisc. 20 pp. 



Cashman, K. 19?? Seeing the forest for the trees: A participatory approach to sustainable 
food production. Unknown 6 page draft. 

Chapman, M. D. 1987. Traditional political structure and conservation in Oceania. Ambio 
16:201-205. 

Chapman, M. D. 1985. ~nvironhental influences on the development of traditional 
conservation in the South Pacific Region. Environ. Conserv. 12:217-230. 

Chatte ji, S. 1987. Development prospects in Ladakh. Mountain Research and Develo~ment 
7:217-218. 

Colley, R. 1987. The quality of domestic water supplies of subterranean origin in the Gambia. 
Stylo& 355-69. 

Cosrninsky, S. 1983. Sociocultural factors in irrigation and domestic water management. IN 
Small, L. E. j, pp. 19-20. 

Cudlip, L. S. and J. A. Perry. 1985. Is Cedar Bog Lake disappearing? Naturalist. 36:24-27. 

Cudlip, L. S. and J. A. Perry. 1987. Carbon Processing in Cedar Bog Lake, Minnesota. 
Archiv Hvdrobiol. IN PRESS. 

Dani, A. A. 1985. Reinstate the watershed community to protect the watershed resources. 
ICIMOD Working Paper WSM 112: 40 pp. 

Deck, F. L. 0. 1986. Community water supply and sanitation in developing countries: 1970- 
1990. World Health Stat./ Ouarterlv 39:l-31. 

Deep Ford, J. R. 1987. A model for small farmer development in the Caribbean. Agric. 
Admin. Extension 27:183-194. 

Dennis, E. A. 1983. Parasitic hazards of irrigation projects. IN Small, L. E. Irrigation and 
Human Welfare. 

Dixon, R. K. and J. A. Perry. 1985. An interdisciplinary approach to community fuelwood 
management: Field data from Thailand. Proc. IX World Forestw Congress. 

Dixon, R. K. and J. A. Perry. 1986. Ecolow of natural resources: Book review of text by F. 
Ramade. Jour. Forestty 84:47-48. 

Doremus, C., D. C. McNaught, P. Cross, T. Fuist, E. Stanley and B. Youngberg. An ecological 
approach to environmental impact assessment. Environ. Manape. 2:245-248. 

Duda, A. M., M. T. El-Ashry and A. Bmch. 1984. Coping with uncertainty in environmental 
decisions. Jour. Soil. Water Conserv. MarchIApril 198495-98. 

Duff, B. and P. Webster. 1984. The application of micro-computer technology to 
international agricultural research and development. Amic. Admin. 17: 135- 148. 



Egboka, B. C. E. 1985. Water resource problems in the Enugu area of Anambra State, 
Nigeria. Sci. Basis for Water Resour. Mmnt. 95-106. 

El-As@, M. T. and B. J. Ram. 1987. Sustaining Africa's natural resources. Jour. Soil Water 
Conserv. 42:224-227. 

Feachem, R 1978. Domestic water supplies, health and poverty. Water Supply and 
Manapement 2:357-362. 

Foster, M. S. 1983. Training biologists and resource managers in lesser developed countries. 
Intersciencia 8:289-293. 

Fuller. T. D. 1987. Resettlement as a desertification control measure: A case studv in the 
~arf 'ur  Region, Sudan-Part I: Review of the problem. Acic. Extension & ~dmin.>5:215- 
234. 

Fuller, T. D. 1987. Resettlement as a desertification control measure: A case study in the 
Darfur Region, Sudan-Part 11: Recommendations. Amic. Extension & Admin. 26:39-55. 

Gable, F. 1987. Changing climate and Caribbean coastlines. Oceanus 3053-56. 

Geerling, C., H. Breman and E. T. Berczy. 1986. Ecology and development: An attempt to 
synthesize. Environ. Conserv. 13:211-214. 

Glantz, M. H. and R. W. Katz. 1985. Drought as a constraint to development in sub-saharan 
Africa. Ambio 14:334-339. 

Goodland, R. and G. Ledec. 1987. Neoclassical economics and principles of sustainable 
development. Ecol. Modelling 38: 19-46. 

Gow, D. D. 1987. Sustainable development of fragile lands: The case of extensive livestock 
production in Africa. Agic. Admin. & Extension 24:3-32. 

Hanks, J. (ed.). 1984. Traditional life-styles, conservation, and rural development. Proc. 
Symp. organized by Inst. Ecology Bandung, Bangladesh and IUCN. IUCN Commission on 
Ecolow Papers Number 7: 107 pp. (Contains 18 papers). 

Hough, J. 1986. Management alternatives for increasing dry season base flow in the Miombo 
W~odlands of Southern Africa. Ambio 15341-346. 

Issac, P. and W. Pescod. 1982. Water pollution research and its application in developing 
countries. Water Science and Technology 14:205-213. 

Ives, J. D. 1987. The Himalaya Ganges problem. Mountain Research and Development 
7~181-183. 

Ives, J. D. 1987. The theory of Himalayan environmental degradation: Its validity and 
application challenged by recent research. Mountain Research and Develo~ment 7: 188- 
199. 



Ives, J. D., B. Messerli and M. Thompson. 1987. Research strategy for the Himalaya Region: 
Conference conclusions and overview. Mountain Research and Develo~ment 7:332-344. 

Katz, A. 1987. The role of aquaculture in Nepal: Towards sustainable development. Ambio 
16222-224. 

Kattelmann, R. 1987. Uncertainty in assessing Himalayan water resources. Mtn.' Res. 
Develo~ 7:279-286. 

Keith, L. H., W. Crummett, J. Deegan, Jr., R. A. Libby, J. K Taylor and G. Wentler. 1983. 
Principles of environmental analysis. Analvtical Chemistry 55:2210-2218. 

Ketudat, S. 1983. Science and technology in harmony with culture and environment. Jour. 
Sci. Soc. Thailand 959-62. 

Lai, K C. 1987. Project impact monitoring: A misnomer. Jour. Amic. Econ. 38:107-113. 

Lamb, R P. 1986. Environmental bankruptcy in Haiti Environ. Conserv. 13:268. 

Lambrecht, F. L 1987. Health hazards associated with development of water resources and 
other changes in the environment in the tropics. Can. Jour. Develo~. Studies ??:341-354. 

Larkin, P. A. 1984. A commentary on environmental impact assessment for large projects 
affecting lakes and streams. Can. Jour. Fish. Aauat. Sci. 41:1121-1127. 

le Houerou, H. N. and H. Gillet. 1986? Conservation versus desertization in African arid 
lands. IN C nservation Biolo U. Mich., Ann 
Arbor: 444-461. 

Lykke, B. 1986. Economic development and the environment. Text of an OECD Speech. 
10 pages. 

Lykke, B. 1986. Economic development and the environment. The 6~245- 
246. 

Maheswaran, A. and G. Singam. 1985. Water pollution and its control in Malaysia. Environ. 
Prof. 7154-167. - 

Morgan, N. C. and V. Boy. 1982. An ecological survey of standing waters in north west 
Africa: I. Rapid survey and classification. Biol. Conserv. 245-44. 

Narayana, V. V. D. 1986. Downstream impacts of soil conservation in Himalayan Region. 
Paper presented at UNU-IMS Seminir on Himalayan-Ganges Problem, New York. 

Newby, J. E. and J. F. Grettenberger. 1986. The human dimension in natural resource 
conservation: A Sahelian example from Niger. Environ. Conserv. 13949-256. 

Newrnan, R. and J. A. Perry. 1987. Effects of Chronic Chlorine Exposure on Litter Processing 
in Outdoor Experimental Streams. Freshwater Biol. 18:415-428. 



Newman, R. M. and J. A. Perry. MS. The combined effects of chlorine and ammonia on litter 
breakdown in outdoor experimental streams. Hvdrobiolopia. 

Newsom, M. and J. A. Perry. MS. Leaf litter decomposition in a diverse series of northern 
lakes. Submission to Archiv fur Hvdrobioloeia. 

Newsom, M. and J. A. Perry. MS. Microbial densities and nutrient concentrations in 
decomposing leaf litter in an experimentally acidified lake. Submitted to Freshwater 
Biologv. 

Newsom, M. and J. A. Perry. MS. Microbial community dynamics on decomposing leaf litter 
in north central lakes. Submission to Applied and Environmental Microbiologv. 

Nichols, A. B. 1987. Wastewater treatment meets third world needs. Jour Water Pollut. 
Contr. Fed. 59:739-745. 

Obeng, L. E. 1980. Some environmental issues in water for development. Water Su~plv and 
Management 4: 115-128. 

Odemerho, F. 0. 1984. A reduced rank prediction model of stream channel size response to 
traditional agricultural land use practices in Southwestern Nigeria. Jour. Hvdrol. 70:85- 
100. 

Oyegun, R. 0. 1987. Sediment redistribution in florin, Nigeria. The Environmentalist 7: 123- 
129. 

Pachevsky, T. 1978. Optimal system of current scientific and technological information for 
small and developing countries. Ben-Gurion Univ., Report BGUN-RDA-223-79.112 pp. 

Pant, M. M. 1983. Harvesting water from ravaged Siwaliks in India. IN Hamilton, L. S. 
1983. Forest and Watershed Development and Conservation in Asia and the Pacific. 
Westview Press, Boulder, C O : ~  11-484. 

Perry, J. A. 1970a. Pesces communes de la Costa Pacifica de Costa Rica. UN/FAO and 
Universidad, de Costa Rica. 37 pp. 

Perry, J. A. 1970b. Pesces communes de la Costa Atlantica de Costa Rica. UN/FAO and 
Universidad de Costa Rica. 35 pp. 

Perry, J. A. 1984. Preliminary Design of a Water Quality Monitoring Exercise with Simulated 
Historical Records. Jour. Nat. Assoc. Coll. Teach. Agric. 28:20-22. 

Perry, J. A. 1986. The use of micro-ecosystems for assessing the impacts of toxic chemicals. 
U.S. Army Corps of Engineers, Workshop on Development of Ecotoxicological Test 
Systems, Allerton, Illinois. 109- 11 1. 

Perry, J. A. 1988. Networking urban water supplies in West Africa. Jour. Amer. Water 
Works Assoc. 80:33-42. 



Perry, J. A. 1988. Forest water quality research and teaching in U.S. forestry schools: current 
and future directions. work in^ Pa~er. Center for Natural Resource Planning and 
Management. Univ. Minnesota. 353. 

Perry, J. A. MS. Effects of physical disturbance on tide pool communities. Submission to 
Environmental Conservation. 

Perry, J. A. MS. Forest water quality research and teaching in U.S. forestry schools: Current 
and future directions. Submitted to Journal of Forestry. 

Perry, J. A. MS. Tide pools: Natural laboratories for biological education. Submission to 
Journal of Bioloeical Education. 

Perry, J. A. and R. K Dixon. 1985. Water resources in Thailand's resettled villages. Jour. 
Amer. Water Works Assoc. 77:46-57. 

Perry, J. A. and R M. Newman. MS. Impacts of chlorine and ammonia in benthic and 
drifting invertebrates in outdoor experimental streams. Submission to Journal of the 
North American Bentholopical Societv. 

Perry, J. A., M. Newsom, R. Zeyen and G.'Ahlstrand. MS. X-ray microanalysis of leaf litter 
decomposing in lakes. Submitted to BioScience. 

Perry, J. A. and F. L. Rose. 1984. Die1 and Seasonal Carbon Budgets in Tho Cold Spring 
Ecosystems. Archiv Hvdrobiol. /SUDD~. 69:333-363. 

Perry, J. A. and F. L. Rose. 1984. Precision of Organic Carbon Transport Measurements in 
Stream Systems. Amer. Midl. Nat. 111:400-404. 

Perry, J. A. and D. J. Schaeffer. 1987. 'The distribution of riverine benthos: A river 
discontinuum? Hvdrobioloeia. 148257-268. 

Perry, J. A., R C. Ward and J. C. Loftis. 1984. Survey of State Water Quality Monitoring 
Programs. Environ. Mmt. 8:21-26. 

Roundy, R. W. 1983. Nutritional and toxic hazards to households and communities in 
irrigation. IN Small, L. E. Irrigation and human welfare. 

Salter, L. F. 1985. Preliminary study of water quality in the Kafue Flats, Zambia. S. African 
Jour. Sci. 8 1529-532. 

Saunders, R. J. and J. J. Warford. 1976. Village water supply: Economics and policy in the 
developing world. World Bank Research Publication, Johns Hopkins Press, Baltimore. 
279 p. 

Schaeffer, D. J., H. K Kerster, J. A. Perry, S. K Sokolik and D. K. Cox. 1985. The 
Environmental Audit I: Concepts. Environ. Mmt. 9: 191-198. 

Schaeffer, D. J. and J. A. Perry. 1986. Punctuated gradients and the distribution of riverine 
benthos. Freshwater Biolow 16:745-768. 



Sinclair, A. R. E. and J. M. Fryxell. 1985. The Sahel of Africa: Ecolog~ of a disaster. Can. 
Jour. Zool. 63:987-994. 

Singh, U. P. 1983. Problems of water resources planning in India. Water Resour. Bull. 19: 
577-584. 

Small, L. E. (ed.) 1983. Irrigation and human welfare: a workshou reDort. International 
Agricultural and Food Programs, Cook College, Rutgers University, ~ e w  Brunswick, New 
Jersey. Working Paper 1. 

Small, L. E. 1983. Agricultural development considerations in the Development and 
management of irrigation. IN Small, L. E. Irri~ation and Human Welfare. 

Smith,-P. J. 1987. Identifying better development projects: A systems approach. Agric. 
Admin. & Extension 2513-23. 

Smith, P. 1987. Cross-cultural problems in management training for rural development. 
A- 24: 149- 164. 

Suman, D. 0. 1987. Intermediate technologies for small scale fishermen in the Caribbean. j 
Oceanus 1987:65-68. 

Taeb, T. F. and J. D. Speckman. 1975. Improvement of rural water supply and priority I 

ranking. IN Water for Human Needs, Vol 11. C. V. J. Varma Publ. New Delhi. 1 
pp. 301-310. 

Trojan, M. D. and J. A. Perry. MS. Analysis of hydrogeologic sensitivity in Winona County 
Minnesota. Jour. Minnesota Academv of Science. IN PRESS 

Trojan, M. D. and J. A. Perry. 1988. Assessing hydrogeologic risk over large geographic areas. 
Bull. Minn. Amic. h e r .  Stn. 67:165 pp. 

Trojan, M. D. and J. A. Perry. MS. A regional method for assessing risks of hydrologic 
contamination. Submission to Groundwater. 

Walter, I. 1979. Environmental policies in developing countries. Ambio 8: 102-109. 

Westman, W. E. 1987. Monitoring the environment by remote sensing. Trends in Ecolog~ 
and Evolution 2:333-337. JP . 

Williams, S. M. 1987. Metapsychology of the environment. Jour. Environ. Manage. 24: 359- 
363. 

Wilson, R. T. 1987. Productivity of traditionally managed small ruminants in an agro-pastoral 
system in Northern Burkina Faso. Trouical Amiculture 64: 163-169. 

Yin, X., R. K. Dixon and J. A. Perry. 1986. Effects of forest management on microbial 
populations in forest soil. Proc. Int. Svmp. on Forest Management in Mountainous Lands, 
Beijing, China. IN PRESS. 



Yin, X, R. K Dixon and J. A. Perry. 1987. Effects of management on microbial populations 
in forest soil. Braun Blaunauettia. IN PRESS. 

Yin, X., J. A. Perry and R. K Dixon. MS. Fine root dynamics and biomass distribution of a 
Ouercuq forest following harvesting. Forest Ecoloev and Mana~ement. In Press. 

Yin, X, J. A. Perry and R K Dixon. MS. Harvesting effects on floor litter decomposition in 
a Quercus forest. C x a  . of Press. 

Yin, X, J. A. Perry and R. K Dixon. Forest harvesting and its effects on nutrient dynamics 
in a O u e r w  forest. Submitted to Ecoloeical Monoeraphs. 

Yu, E. S. H. and C. H. Ingene. 1982. The backward incidence of pollution control in a rigid- 
wage economy. ,Tour. Environ. Econ. Mgmt. 9:304-310 

Yuthavong, Y. 1983. Technology transfer or research and development: How should 
developing countries choose? Jour. Sci. Soc. Thailand 9: 125-127. 


