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PREFACE

The pollution of the aquatic environment by sediments, nutrients,
and pesticides is one of the unfavorable impacts of agricultural activity.
These kinds of pollution are very complex phenomena in themselves but
become even more complicated because they are very often interrelated
and all are based on rather complex hydrological and hydrogeological
processes. It is obvious that the systems approach is the best tool for
assessing pollution from agrieultural land (non-point-source pollution) and
for quantifying its changes under various alternative agricultural manage-
ment practices.

A large, qualified group of experts is now tackling this problem in
the United States under the U.S. Department of Agriculture, Science, and
Education Administration—Agricultural Research. The ultimate goal of
this group is to develop a system of mathematical models dealing with
non-point-source pollution at the field level. This corresponds to one of
the objectives of the IIASA task on “Environmental Problems of Agricul-
ture” [1].

Dr. Walter Knisel, a coordinater of this US group, was invited by
ITASA to participate in the planning workshop held at ITASA June 27-30,
1978. Later he was nominated by USDA-SEA-AR to liaise between
USDA-SEA-AR and ITASA. The following paper was presented and dis-
cussed at the aforementioned workshop and reflects the US basis for
our cooperation.

Gennady Golubev
Task Leader
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SUMMARY

The approach of the US working group to the development of a hier-
archy of mathematical models dealing with non-point-source pollution at
the field level is described. The objective of the group is to use this
system of models for assessing non-point-source pollution, quantilying
responses from alternative management practices, and cvaluating the best
ones. Each model should be simple, but physically based. The following
phenomena are described consecutively, with discussions of approaches
to their modeling: surface and subsurface flow, deep percolation, erosion,
sediment transport, and dissolved and adsorbed chemical output duc to
use of fertilizers and pesticides. The system is not considered to be an end
in itself, but a first step towards the development of user-oriented compre-
hensive models.
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A System of Models for Evaluating Non-Point-Source
Pollution--An Overview

INTRODUCTION

The U.S. Department of Agriculture, Science and Education
Administration--Agricultural Research (USDA-SEA-AR) has bequn a
national research project to develop systems for evaluating non-
point-source pollution. Emphasis is being placed on field-scale
systems, since management practices will be designed and evalu-
ated on a farm basis. Longer-term efforts are being organized
to consider watersheds and basins. Approximately 50 scientists
are participating in the overall project. In 1978, state-of-
the-art models are being assembled and tested for applicability.
This overview describes the current year's efforts and presents
some of the problems and approaches that must be considered in
the system development.

The principal objective of the project is to develop a hier-
archy of mathematical models for use at a field level to (1)
assess non-point-source pollution, (2) quantify responses from
alternative management practices, and (3) evaluate best manage-
ment practices. Either existing models or some modifications
thereof will be assembled for agency use. The models must be
simple, physically based, and capable of simulating surface and
subsurface flow, deep percolation, erosion, sediment transport,
and dissolved and adsorbed chemical output from fields under dif-
ferent management practices. The system is shown schematically
in Figure 1. Precipitation, radiation, and temperature are the
driving forces of the watershed system, together with man's manage-
ment of the system through land use, cultural practices, and the
use of chemicals. Output from the system includes surface runoff,
which results in erosion and sediment transport and the associated
dissolved and adsorbed chemicals. Some infiltrated water may
become subsurface flow and/or percolation, both of which may carry
dissolved chemicals. Evapotranspiration is shown as an output
since it affects the uptake of chemicals by the plants.

HYDROLOGIC COMPONENT

The hydrologic component must be capable of representing a
wide range of conditions across the Land Resource Areas (LRA) of
the nation. The various flow regimes are shown in Figure 2. The
schematic shows relative magnitudes of rainfall, snow, evapotran-
spiration, surface runoff, subsurface flow, and deep percolation
for selected regiohs of the United States. Although the width
of bars for each component is scaled to indicate magnitude, the
figure is somewhat generalized to represent the varied conditions
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that models must handle. Also, the various hydrologic components
indicate the relative potential for erosion, dissolved chemicals,
and adsorbed chemicals. For example, the potential for dissolved
chemicals in the subsurface flow is greater in the Southeast
Coastal Plain than in the South Central United States because

the subsurface component is larger, even though rainfall amounts
are not vastly different.

Models for evaluating non-point—-source pollution must be ca-
pable of differentiating between such conservation practices as
contour tillage, strip cropping, inpoundment-type terraces, and
no-till cropping systems. This is obviously not an all-inclusive
list, but to some extent it indicates the importance of such
practices, particularly as they affect erosion potential, plant
nutrient runoff, and the wide range of pesticides that might be
used. For example, no-till corn is recommended in many parts of
the United States, especially because of its lower energy require-
ment. Such practices may have conflicting consequences. In
the Cornbelt, no-till planting is commonly done in previous-—
crop residues. This often results in heavy insect carryover, and
a wide range of insecticides may be needed for adequate control.
The crop residue reduces raindrop impact and splash erosion.
However, dense residue will also reduce evaporation from the soil
surface and, depending upon the temporal distribution of rainfall,
surface runoff may be greater than from conventional tillage. 1In
the Southeast, no-till corn is often planted in fescue grass
sod killed with a herbicide such as paraquat, which increases the
pollution potential from the herbicide.

The most significant potential for non-point-source pollution
in the United States is in the intensively farmed areas of the
Southeast, Midwest, and Great Plains. There are also pollu-
tion problems in the rangelands of the Western United States.
Sediment is the biggest pollutant but plant nutrients and herbi-
cides also cause concern. Range management practices must be con-
sidered in the systems to estimate non-point-source pollution.

Two methods are being evaluated for predicting runoff from
field areas. One is the USDA Soil Conservation Service (SCS)
curve number system [2] as adapted by Williams and LaSeur [3].
The system relates runoff to total storm rainfall with a family
of curves dependent upon hydrologic soil group, antecedent soil
moisture, land use, and practice. Figure 3 shows the rainfall/
runoff relationship. The inset diagram shows the relationship
between the initial abstraction of rainfall and the infiltration
curve superimposed on the rainfall histogram. The inset figure
is merely for definition. It does not indicate that storm dura-
tion or intensity is used in determining runoff volume. Initial
abstraction is considered as a constant proportion of total soil
water storage irrespective of duration and intensity of rainfall.
The curve number method is simple to apply.

The second method is an alternative approach developed by
Smith [4]. The concept, shown in Figure 4, considers the initial
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Figure Schematic representation of runoff model using infiltration approach.
Source:  [4].

abstraction of rainfall based on soil water deficit and rainfall
intensity. 1In Figure 4, r is rainfall rate, f is infiltration
rate, t is time, P is total rainfall, Fp is infiltration to time

of ponding, F” is infiltration after time of ponding, and F is
total rainfall infiltrated during the storm. When rainfall in-
tensity exceeds the infiltration rate of the soil, runoff begins.
Runoff is determined as the accumulation of rainfall excess, i.e.,
intensity greater than the hydraulic conductivity. By using
breakpoint rainfall data, Smith's model responds to different
storm intensities and durations.

Runoff volumes are estimated by the two models, but hydro-
graphs are not being generated in this initial effort. Peak rate
values of runoff are needed for the erosion/sedimentation compo-
nent, as will be discussed later. A method is being developed
to estimate peak rate from 15-minute excess rainfall intensity.
Conservation practices will affect peak rates more than runoff
volume. For example, a terrace system on a field will produce
a significantly lower peak rate than an unterraced field. 1If the
runoff volume is the same, this will result in different runoff
durations and,,ultimately, different hydrograph shapes.

A considerable number of research watersheds in 8 Land Re-
source Regions (LRR) and 13 LRAs of the United States have been
selected for the initial testing of the systems developed to
determine their accuracy and applicability. (One LRR may contain
between 3 and 22 LRAs.) The watershed locations are shown in



Figure 5. Hydrologic data are available on all watersheds, but
sediment data are available for about two thirds only, and chem-
ical data for about one third of the watersheds. The testing of
the model for wide-scale applicability with these limited data is
minimal, but more extensive testing is planned.

The two hydrologic models are being statistically evaluated
for the selected watersheds to determine which model's behavior
conforms more closely to observed runoff in the different LRAs.
The testing also will provide an indication of the expected ac-
curacy of estimates.

Evapotranspiration is estimated by the Leaf Area Index (LAI)
method [5]. Evapotranspiration controls soil moisture, which in
turn affects the transformation of chemicals in the soil and their
uptake by plants. The hydrologic component also contains a snow-
melt routine given by Stewart et al. [6]. The hydrologic compo-
nent is structured such that the evapotranspiration and snowmelt
routines can be replaced as improvements are developed.

NORTHWESTERN FOREST, FORAGE CENTRAL GREAT PLAINS WINTER =3 EAST AND CENTRAL GENERAL
I AND SPECIALTY CROP REGION Z wHEAT AND RANGE REGION FARMING AND FOREST REGION
NORTHWESTERN WMEAT AND [ SOUTHWESTERN PLATEAUS, PLAINS MISSISSIPP| DELTA COTTON AND
[ rance reion RANGE AND COT TON REGION FEED GRAINS REGION
CALIFORNIA SUBTROPICAL FRUIT, SOUTHWESTERN PRAIRIES COTTON [y SOUTH ATLANTIC AND GULF SLOPE CASH
[0 Truck aNO SPECIALTY CRoP REGION L1 aND FORAGE REGION CROP, FOREST AND LIVESTOCK REGION
WESTERN RANGE AND IRRIGATED NORTHERN LAKE STATES FOREST NORTHEASTERN FORAGE AND
REGION AND FORAGE REGION FOREST REGION
[[] ROCKY MOUNTAIN RANGE aND [[] LAKE STTES FRUIT, TRy [ MNORTHERN ATLANTIC SLOPE TRUCK,
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m NORTHERN GREAT PLAINS SPRING CENTRAL FEED GRAINS AND . ATLANTIC AND GULF COAST LOWLAND
WHEAT REGION LIVESTOCK PEGION FOREST AND TRUCK CROP REGION
WESTERN GREAT PLAINS RANGE FLORIDA SUBTROPICAL FRUIT, TRUCK
8 ano mricateo REGIoN = WATERSHED LOCATIONS CROP AND RANGE REGION

Figure 5. Land Resource Region map of the United States showing locations
of research watersheds selected for model testing.



EROSION/SEDIMENTATION COMPONENT

Principles of the erosion/sedimentation component are shown
in Figure 6 [7]. Raindrop impact detaches soil particles, and
the overland flow carries them into some concentrated flow. Con-
centration of runoff may result in rilling. With continued de-
velopment of rills, the sediment load may exceed the transport
capacity of the water and settle, or, if the transport capacity
is greater than the sediment load, gullying may occur.

1
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~N— <
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Figure 6.  Schematic representation of erosion and sediment transport processes.

Source:  [7].

The Universal Soil Loss Equation (USLE) was developed to
predict average annual soil loss for different soils, climate,

slope, cover, and practices [8]. The well-known USLE is expressed
as:

A = RKLSCP (M

where A is average annual soil loss, R is rainfall energy, K is
the soil erodibility, L is slope length, S is slope percent, C

is cover, and P is the management practice. The USLE was not
developed to predict storm erosion, which is necessary for pre-
dicting chemical transport. However, it contains terms that con-
sider management practices, which are essential for the systems



being developed. Foster et al. [9] and Williams [10] have modi-
fied the USLE for application on a storm event basis. Foster's
modification is given as

E = (aR + bQq)KLSCP (2)

where E is storm erosion; Q is runoff volume; q is peak rate of
runoff; a, b, and ¢ are coefficients; and the other terms are
the same as in Equation (1). Foster's modification contains the
rainfall detachment potential, aR, and a transport potential,
bQg€. Wwilliams' modification is expressed as

E = a(Qq) °KLSCP (3)

where a and b are coefficients and the remaining terms are the
same as above. In Equation (3), the detachment and transport
capacity is expressed by the product of runoff volume and peak
runoff rate. These two modifications are being assessed against
watershed data to determine their relative accuracy.

In estimating average annual erosion, as with the USLE, the
system is considerably smoothed. However, a number of problems
must be considered when estimating storm erosion, particularly
in relation to adsorbed chemicals. For example, equivalent slope
length and steepness for complex slopes is sufficient for esti-
mating annual erosion, but erosion/deposition is important on a
storm event basis for estimating chemical transport. Slope shape
has a pronounced effect, as shown in Figure 7. Relative sediment
yields for the various slope shapes indicate the compounding
nature of complex slopes. Sediment yield for a concave slope
decreases for slope lengths greater than about 80 m because of
deposition in the flatter portions, as shown in the upper part
of Figure 7. These effects must be considered in the erosion/
sedimentation model.

Interterrace erosion, with deposition in the terrace channel,
is another problem that must be treated with the erosion/sedimen-
tation model. Terraces effectively control erosion by breaking
the slope length. There is erosion between the terraces, and
varying amounts of material are deposited from the channel flow,
depending upon particle size, terrace gradient, and flow retarda-
tion of the channel cover. A similar problem that needs evalua-
tion is the further transport of sediment into and through the
grassed terrace outlet. Grassed waterways are sometimes recom-
mended for stabilizing concentrated watercourses in fields where
natural overland drainage is a problem. Sediment deposition in
the grassed waterway must be treated with the erosion model.

Not only is there concern about the deposition of sediment in
transit, but consideration must be given to grassed waterway
maintenance, overflow, and meandering.
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Gully erosion and head-cut migration require special treat-
ment. Gullies are often the critical source of sediment, both
in cropland and in rangeland where abandoned or retired cropland
has been planted with grass. Eroded material from the gullies
is the principal pollutant, since plant nutrients and pesticides
are not generally applied. For the purpose of estimating non-
point-source pollution some type of sediment "accounting" may be
necessary to distinguish between sources. In short-term field-
scale modeling, attention is not being given to gullies, but
they must be included in longer-term more comprehensive models.

Sediment particle size is important in adsorbed chemical
transport. Even if a relatively large amount of material were
eroded from a field, if most of the particles were silt- and
sand-grain-sized, the potential for adsorbed chemical transport
would be low. Conversely, if most of the eroded material were
clay-sized, the potential chemical movement would be relatively
high. An equally important consideration is aggregate transport.
Aggregates are made up of individual soil particles, but do not
move or settle as equivalent single-grain particles. This is a
problem for two reasons: sample collection, and sample processing
in laboratories. Only total load samplers and/or bedload samplers
can include aggregates in the sample. Pump samplers and integrat-
ing samplers generally do not have intakes large enough to collect
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aggregates. Even when samples containing aggregates are collected,
the normal laboratory procedure completely destroys the aggre-
gates, and particle-size analysis reflects only the single-grain
material that makes up the aggregates. The potential for adsorbed
chemical transport is relatively high for aggregates. Particle-
size routing routines are being incorporated into the erosion
model. Relative success in particle-size routing in river basins
has been attained by Li et al. [12]. However, the smoothing ef-
fect of basin scale may be a simpler process to model than that

of field-scale areas. Particle-size distributions for four Corn-
belt soils are shown in Figure 8. The relative importance of the
sediment for chemical transport can be seen be the relative per-
centages of clay for each soil.
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Figure 8. Sediment particle-size distribution for four soils in lowa
(courtesy of J.M. Laflen, USDA-SEA-AR, Ames, lowa).

CHEMICAL COMPONENT

Chemical transport is highly complicated because large num-
bers of different compounds which have different degradation
characteristics, adsorption characteristics, solution components,
methods of application, mechanism of transport, volatilization,
and frequency of application are used. The nitrogen and phosphorus
cycles in agriculture are very complex [6]. The continuous nitri-
fication/denitrification process constantly changes the form of
nitrogen. Nitrogen leaves the field in surface runoff with or-
ganic matter. Also, if subsurface flow and percolation are signi-
ficant, considerable amounts of nitrate can be leached. Most of
the nitrogen input is in the form of commercial fertilizers and
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animal waste, but natural input from rainfall may be significant
and must be considered in evaluating non-point-source pollution.
The largest portion of nitrogen is taken up by plants and removed
from the field by harvest, or partially removed by harvest and
partially returned to the soil as crop residue. Accounting for
the various forms and compartments is important in simulation

of nitrogen loss. The present modeling efforts will attempt to
simplify the nitrogen cycle. Uptake by plants will be related

to evapotranspiration. Mineralization will be approximated by
an exponential function of time, soil water, and temperature.
Accounting procedures will be used to estimate nitrate available
in the root zone, and percolation estimated in the hydrology com-
ponent will be used to estimate nitrate leached. Nitrogen lost
from a field in surface runoff will be estimated as a product of
the soluble nitrogen and an extraction coefficient. Also, an
accounting will be necessary to estimate the nitrogen transmitted
to the soil profile by infiltration.

Phosphorus is transported primarily as material adsorbed on
soil particles in erosion and sediment transport. Soluble phos-
phorus in runoff is estimated by an extraction coefficient. Con-
siderable amounts of orthophosphate phosphorus have been observed
in watersheds with high concentrations of dairy animals [13].

In some instances, this may approach point=-source pollution.

The complex nutrient cycles must be simplified to provide
workable models that users will accept. A simplified nutrient
pollution flowchart is shown in Figure 9. The various segments
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Figure 9. Nutrient pollution flow chart.

Source:  [14].
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will require estimates of partitioning coefficients and enrichment
ratios. Several difficulties arise in model verification. For
example, some research locations analyze runoff water samples for
nitrate only; others loock at total nitrogen; soil nitrogen concen-
trations are not determined. Such fragmented information makes

it difficult to obtain sufficient total data for testing model
concepts.

Non-point-source pollution from pesticides is very complex
because there are thousands of different chemical compounds used
and thousands of formulations. Each compound has a different
half-life, persistence in soil, chemical types, and mode of trans-
port. Stewart et al. classified herbicides into thirteen differ-
ent chemical types, and insecticides and miticides into seven
{15]. However, the chemical type does not determine the princi-
pal means of transport, i.e., soil or water fraction, and thus
the partitioning coefficients are different for each pesticide.
Figure 10 suggests some of the problems encountered and coeffi-
cients needed in modeling pesticide transport.

The method of application is also an important consideration.
Pesticides may be applied as spray on bare soil or on a crop can-
opy. When applied to the canopy, some fraction of the pesticide
is intercepted by the foliage or by residue on the soil surface,
and some fraction reaches the soil surface. The degradation of
the chemical on the soil will be different from that on the fo-
liage. When it rains, a portion of the foliar material will be
washed off the plants onto the soil, which changes the concentra-
tion at the soil surface when runoff begins. Some pesticides
are incorporated into a finite depth of soil with various equip-
ment, resulting in different mixing conditions. Incorporated
pesticides are not photodegraded, but high soil-water content
and high surface temperatures may result in large volatilization
losses. Chemicals applied by spray are subject to drift and
volatilization, especially if applied from aircraft, and that
portion reaching the target is difficult to estimate.

The partitioning of chemicals into dissolved and adsorbed
portions is also a problem in modeling. 1In the earlier discussion
of erosion/sedimentation, it was mentioned that sediment particle
size is important. Particle size tells only part of the story:
mineralogy of the clay fraction must also be known to estimate
chemical adsorption. Soil surface condition at the time of chemi-
cal application and rainfall is very significant in movement of the
chemicals into the soil profile and in estimating chemical con-
centration in the soil at the active water/erosion interface.

Bulk density varies with soil type and with water content for
the same soil. Tillage changes bulk density radically and sud-
denly. It is virtually impossible to identify and accurately
describe all the conditions and parameters affecting chemical
transport. The processes must be simplified considerably to
achieve a useful model for chemical transport.
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FUTURE CONSIDERATIONS

The systems being developed for evaluating non-point-source
pollution are not to be considered as an end in themselves, but
rather as a first step towards the development of user-oriented
comprehensive models. Data are not sufficient for testing all
facets of the models, especially for the chemicals. The initial
models will help identify areas in which research is needed, and
some well-planned data collection programs must be developed to
adequately test model concepts. These initial efforts provide
a common focal point for a sound water (quantity and quality)
management program and for resource conservation.

Future efforts will consider more comprehensive models for
field-size areas and will give more attention to watersheds and
basins. The more comprehensive field-scale models may be entirely
dif ferent from, or may be improvements of, the initial models,
depending upon levels of technology and development at the time.
Comprehensiveness will not be measured by numbers of variables
or complexity. Simplicity and user acceptance will continue to
be the criteria for model improvements and refinement.

REFERENCES

[1] Golubev, G., I. Shvytov, and O. Vasiliev, Environmental
Problems of Agriculture. 1: Water-Related Environ-
mental Impact of Agriculture at the Field Level,
RM-78-32, International Institute for Applied Systems
Analysis, Laxenburg, Austria, 1978.

[2] U.s. Soil Conservation Service, SCS National Engineering
Handbook, Sec. 4, Hydrology, U.S. Government Printing
Office, Washington, D.C., 1972.

[3] wWilliams, J.R., and W.V. LaSeur, Water Yield Model Using
SCs Curve Numbers, American Society of Civil Engineers,
Journal of Hydraulies DZiv., HY9, 102 (1976), 1241-1253.

[4] Smith, R.E., A Proposed Infiltration Model for Use in Simu-
lation of Field-Scale Watershed Hydrology, Unpublished
Addendum of Workshop Proceedings, Systems for Evaluat-
ing Nonpoint Source Pollution, Arlington, Texas,
Feb. 14-16, 1968.

[5] Ritchie, J.F., Model for Predicting Evaporation from a Raw
Crop with Incomplete Cover, Water Resourcea Research,
3, 5 (1972), 1204-1213.

[6] Stewart, B.A., et al., Control of Water Pollution from
Cropland, Vol. 2, An Overview, USDA Report No. ARS-H-5-2,
U.S. Government Printing Office, wWashington, D.C.,
1976.



(7]

(8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

-15-

Personal communication. with G.R. Foster, USDA-SEA-AR,
Lafayette, Indiana.

Wishmeier, W.H., and D.D. Smith, Predicting Rainfall-
Erosion Losses from Cropland East of the Rocky
Mountains--Guide for Selection of Practices for Soil
and Water Conservation, Agr. Handbook, No. 282, U.S.
Government Printing Office, Washington, D.C., 1965.

Foster, G.R., L.D. Meyer, and C.A. Onstad, Erosion Equations
Derived from Modeling Principles, Paper No. 73-2550,
Amer. Soc. of Agr. Engr. Winter Meeting, Dec. 11-14,
Chicago, 1973.

Williams, J.R., Sediment Yield Prediction with Universal
Equation Using Runoff Energy Factor, in Proceedings
of the Sediment Yield Workshop, USDA-ARS-S-40, U.S.
Government Printing Office, Washington, D.C., 1975.

Meyer, L.D., G.R. Foster, and M.J.M. R6mkins, Source of
Soil Eroded by Water from Upland Slopes, in Proceed-
ings of the Sediment Yield Workshop, USDA-ARS-S-40,
U.S. Government Printing Office, Washington, D.C.,
1975.

Li, R.M., K.G. Eggert, and D.B. Simons, Simulation of Storm
Water Runoff and Sediment Yield for Assessing the
Impact of Silviculture Practices, in Proceedings of
10th Annual Conference, Cornell University, New York,
April 26-28, 1978.

Allen, L.H., Jr., E.H. Stewart, W.G. Knisel, Jr., and
R.A. Slack, Seasonal Variations in Runoff and Water
Quality from the Taylor Creek Watershed, Okeechobee
County, Florida, in Proceedings of the Soil and Crop
Sei. Society of Florida, Vol. 35, 1975.

From a personal communication with M.H. Frere, USDA-SEA-AR,
Chickasha, Oklahoma.

Stewart, B.A., et al., Control of Water Pollution from
Cropland, Vol. 1, A Manual for Guideline Development,
USDA Report No. ARS-H-5-1, U.S. Government Printing
Office, wWashington, D.C., 1975.

Personal communication with R.A. Leonard, USDA~SEA-AR,
Watkinsville, Georgia.






-17-

RELATED IIASA PUBLICATIONS

On the Monetary Value of an Ecological River Qual-
ity Model. H. Stehfest. (RR-78-001) $3.00 ASU5.

The Smeared Concentration Approximation Method: A
Simpflied Air Pollution Dispersion Methodology for
Regional Analysis. R.L. Dennis. (RR-T78-009)
$7.00 AS100.

Supply-Demand Price Coordination in Water
Resources Management C. Guariso, D.R. Maidment, S
Rinaldi, R Soncini-Sessa. (RR-78-011) $3.00 ASi4S5.

The Use of Alternative Predictions in Long-Term
Inference 1into the Future (with special Reference
to Water Demand). Z. Pawlowski. (RR-78-015)
$3.00 AS45,

A Comparative Case Study of Dynamic Models for
DO-BOD-ALGAE Interaction 1in a Freshwater River.
M.B. Beck. (RR-78-019) $6.00 AS85.

Proceedings of a Workshop on Modelling of Water
Demands. J. Kindler, -editor. (CP-78-0C6) $9.50
AS135.

Hydrophysical and Ecological Modelling of Deep
Lakes and Reservoirs: Summary Report of an IIASA
Workshop, December 19077. Sven L. Jorgensen,
Donald R.F. Harleman, editors. (CP-T78-007)

Mathematical Modeling of Water Quality. Summary
Report of an ITASA Workshop. M.B. Beck.
(CP-78-010) $5.00 AS70.

Please cite publication number when making an ord-
er. See inside back cover for orcer information.





