
Integrating Field Studies 

and Watershed Models to 

Improve Lake Water Quality

Apurva Gollamudi

Brace Centre for Water Resources Management

CARIWIN Advanced Course in IWRM

September 18, 2007



2

Background

• Nutrients in Water Creates: 

– Eutrophication of Lakes

– Algae Blooms – Cyanobacteria

– Loss of Recreational Facilities

– Health Hazards

• Non-point Source Pollution:

– Agricultural Fields

• Best Management Practices:

– Crop Rotations

– Nutrient Management

– Hydrological Structures
Source: Lake Champlain Basin Program
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Location

• The Lake Champlain 

– Missisquoi Bay

– Pike River

Lake Champlain

Missisquoi Bay

Pike River Watershed
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Source: Lake Champlain Basin Program

Nutrient Pollution Caused By:

– Intensification of Agriculture due to
Mechanization and Specialization

– Increased Livestock Production

– Manure Storage/Disposal

– Change in Cropping System; 
Pasture to Corn Monoculture

– Tillage Practices

– Excessive Fertilization

Pike River Watershed – Problem Area
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Manure Production

Source: Statistics Canada, Environment Accounts and Statistics Division and Agriculture Division, 1996 
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Jurisdictional Water Quality Agreement

Stakeholders
– Federal Agencies (Canada and U.S.A)

– Provincial and State Agencies (Québec, Vermont, New York)

– Cooperatives and Interest Groups (LCBP, etc.)

– Research Organizations (University of Vermont, McGill University)

Collective Mandate
A cooperative effort to prevent and control pollution of the Lake 
Champlain and restore it to a healthy condition.

Benefits
– Pooled Resources and Funding

– Eliminates Duplicate Work

– Cooperation between Government, Small Cooperatives and the Public

– Successful Implementation of Phosphorus Reduction Strategies
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McGill’s Partners/Activities

• IRDA

• Université de Sherbrooke

• MAPAQ

• MDDEP

• CBVBM

• Coopérative de solidarité du bassin versant de la rivière aux 

Brochets

• Vermont Agency of Agriculture

• Field-scale monitoring

• Modeling

Partners

Activities
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Site Location

Missisquoi Bay

Pike River
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Site History 

Field Area Soil Type

A 7 ha Clay Loams, Sandy 

Clay Loam

B 6 ha Sandy Loam

C 3 ha Sandy Clay Loam

D 2 ha Clay Loam

Field Drainage Crops

A Surface + Tile Corn, Soybean

B Surface + Tile Alfalfa, Corn

C Only Surface Mixed Grass/Red 

Clover

D Only Surface Corn, Cereal

Field C

Field D
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Monitoring and Instrumentation

Composite

Auto-Sampler

H - Flume

Depth 

Sensor

Subsurface

Flow meter

Water Table

Measurement

SURFACE HYDROLOGY

– Flumes (H and Parshall)

– Ultrasonic Depth Sensors

– Pressure Transducers

– Automatic Samplers

SUBSURFACE HYDROLOGY

– Flow Meters

– Water Table Level loggers

– Automatic Samplers
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Monitoring and Instrumentation

METEOROLOGICAL

– Temperature – Air and Soil

– Rain Gauges

– Barometric pressure

– Wind Speed

– Solar Radiation

DATA STORAGE / ACCESS

– Data loggers

– Radios

– Modems / Cell Phones

Weather Station

Datalogger
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Results – Year 2005

Hydrograph

Vermeulen Spring 2005 - Spring 2006
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Precipitation Runoff

SEASON #1 SEASON #2

SEASON # 1 SUMMARY

Crop Grown Silage Corn Surface Runoff 210 mm

Tillage System Conventional MES 0.551t/ha

Soil Type Clay Loam N-Total 9.37 kg/ha

Soil P Test 38 kg/ha P-Total 1.20 kg/ha

%P Saturation 1.60%
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Results – Year 2005

Hydrograph - Gagnon Spring 2005 - Spring 2006

0

10

20

30

40

50

60

D
ra

in
a
g

e
 (

m
m

/d
a
y
)

0

10

20

30

40

50

60

70

80

2
0
-M

a
r-

0
5

2
0
-A

p
r-

0
5

2
0
-M

a
y
-0

5

2
0
-J

u
n
-0

5

2
0
-J

u
l-
0
5

2
0
-A

u
g
-0

5

2
0
-S

e
p
-0

5

2
0
-O

c
t-

0
5

2
0
-N

o
v
-0

5

2
0
-D

e
c
-0

5

2
0
-J

a
n
-0

6

2
0
-F

e
b
-0

6

2
0
-M

a
r-

0
6

2
0
-A

p
r-

0
6

2
0
-M

a
y
-0

6

2
0
-J

u
n
-0

6

Date

P
re

c
ip

it
a
ti

o
n

 (
m

m
/d

a
y
)

Precipitation

Subsurface
Surface

SEASON #1 SEASON #2

SEASON # 1 SUMMARY

Crop Grown Grain Corn Surface Runoff Subsurface Drainage

Tillage System Conventional Runoff 252 mm Drainage 925 mm

Soil Type Clay Loam MES 0.63 t/ha MES 1.34 t/ha

Soil P Test 114 kg/ha N-Total 7.19 kg/ha N-Total 33.29 kg/ha

%P Saturation 5.30% P-Total 1.20 kg/ha P-Total 1.87 kg/ha
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Subsurface Drainage  Contributions

SRO Depth

(mm)

Total Depth

(mm)

SRO MES

(t/ha)

Total MES

(t/ha)

SRO N

(kg/ha)

Total N

(kg/ha)

SRO P

(kg/ha)

Total P

(kg/ha)

GAGNON

(SSDrainage) 252 925 0.63 1.34 7.19 40.49 1.20 3.07

VERMEULEN 210 210 0.55 0.55 9.37 9.37 1.20 1.20

• Subsurface drainage contributes to 73% of the annual water yield.

• Subsurface drainage contributes to 82% of the annual N loss.

• Subsurface drainage contributes to 61% of the annual P loss.  75% of 

the P loss is in the particulate form.

• Subsurface drainage contributes to 53% of the annual sediment loss.
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Phosphorus Loss and Site Variability

• Phosphorus loss due to tile drainage is extremely dependent on 

site characteristics.

• Macropore flow due to the clay soils at Gagnon increases 

phosphorus loss through subsurface drainage.

• Sandy loam soils (Marchand) may reduce subsurface 

contribution to total water yield by 34% and therefore a drastic 

decrease in phosphorus loss is also expected. 

• Soil P Tests and P Saturation Levels on their own are not 

sufficient in determining the risk of phosphorus loss.  Soil 

structure plays a very important role.
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Field                    Watershed

• Field scale studies are crucial because nutrient loss from agricultural 
fields is extremely variable within watersheds, and dependent on 
many different factors (soil texture/structure, nutrient test levels, etc.).

• A good understanding of nutrient transport at the field scale leads to 
precise modeling at the watershed scale.

• Precise modeling at the watershed scale is essential in providing  
accurate information to base policy decisions upon.



Modeling
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Scope

• Modeling

– Field Scale

– Continuous

– Physically Based

• Scope

– Hydrology

– Sediment and Nutrients

– Best Management Practices

• The Model: ArcView SWAT
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Stream and Sub-basin DelineationDigital Elevation ModelSoil Type and Land Use Definition

SWAT Setup: GIS

Site 1: Gagnon

Site 2: 

Marchand

Field Gagnon Marchand

Area 10.2 ha 6 ha

Crops
Corn

Soya

Corn

Alfalfa & Clover

Soil Types

Ste Rosalie

Bedford

Suffield

Rubicon

SOIL MAP LEGEND

Site 1: Gagnon

Suffield Clay 

Loam

Ste. Rosalie Clay 

Loam

Bedford Sandy 

Clay Loam

Site 2: Marchand

Rubicon Sandy 

Loam
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SWAT Setup: Data

• Climate Data (Measured and Simulated)

– Daily Precipitation

– Daily Max/Min Temperature

– Relative Humidity

– Wind Speed

– Solar Radiation

• Other Inputs

– Management Practices (tillage, fertilization, crop rotation)

• Duration of Simulation

– October 2001 to July 2004
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SWAT Simulation

• Methods

– Curve Number for Surface Runoff Calculation

– Hargreaves for Evapo-transpiration Estimates

• Simulated Output

– Daily/Monthly/Yearly

– Water Yield, Surface Runoff, Base Flow

– Sediment Yield, Nutrient Concentrations

– Secondary: ET, Snowfall 
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SWAT Calibration

• Hydrologic Data used in Calibration

– Surface Runoff

– Tile Flow

• Steps in Calibration

– Annual Totals

• Partitioning of Flow: Surface & Subsurface
– Hydrographs

• Sub-basin Parameters
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Calibration Parameters

PARAMETER SYMBOL DEFINITION RANGE UNITS

Management Parameters (.MGT)

Curve Number CN
SCS Runoff Curve Number Values for 

Antecedent Moisture Condition II
35 to 98 ---

Soil Parameters (.SOL)

Storage SOL_AWC
Available Water Capacity  in the soil layer 

(Storage)
0 to 1 cm3/cm3

Groundwater Parameters (.GW)

Groundwater 

Revap 

Coefficient

GW_Revap

Groundwater revap coefficient influences 

movement of water from shallow aquifer to 

root zone

0.02 to 0.2 ---

Revap 

Threshold 
RevapMN

Threshold depth of water in shallow aquifer 

for revap (or percolation) to occur
0 to 500 mm H2O

Groundwater

Threshold
GWQMN

Threshold depth of water in shallow aquifer 

for return flow to occur
0 to 5000 mm H2O

Baseflow 

Factor
Alpha_BF

Baseflow recession constant for 

groundwater flow response
0 to 1 days

Groundwater 

Delay
GW_Delay

Groundwater delay between water exiting 

soil and entering aquifer
0 to 500 Days
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Calibration Parameters

PARAMETER SYMBOL DEFINITION RANGE UNITS

Basin and HRU Parameters (.HRU)

Soil 

Evaporation
ESCO Soil Evaporation Compensation Factor

0 to 1

(def = 0.95)
---

Plant Uptake 

Factor
EPCO Plant Uptake Compensation Factor

0 to 1

(def = 0.95)
---

Manning’s 

Coefficient
OV_n

Manning’s roughness coefficient for 

overland flow
0.01 to 30 ---

Slope SLOPE Average slope steepness for sub-basin 0 to 0.6 m/m
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HYDROGRAPH FOR SITE 1 (GAGNON) - UNCALIBRATED MODEL
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HYDROGRAPH FOR SITE 1 (GAGNON) - CALIBRATED MODEL
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Partitioning of Flow

% SRO
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% SS

84.5

% SRO
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72.7
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17.1
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82.9

% SRO

25.4
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Site 2: MarchandSite 1: Gagnon Vs
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Total Monthly Water Yield

MONTHLY TOTAL YIELD AT SITE 2 - MARCHAND
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SWAT Performance

COEFFICIENT OF 

PERFORMANCE (CP)

UNCALIBRATED 

MODEL

CALIBRATION VALIDATION

GAGNON

SURFACE 

RUNOFF
2.279 0.527 0.763

SUBSURFACE 

FLOW
1.965 0.810 0.879

TOTAL YIELD 0.740 0.473 0.504

MARCHAND

SURFACE 

RUNOFF
0.865 0.508 3.297

SUBSURFACE 

FLOW
1.699 0.881 0.406

TOTAL YIELD 1.292 0.720 0.394



Seasonal Sediment LoadsSeasonal Sediment Loads
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• Lower sediment loads on 

site #1 due to different soil  

characteristics

• Measured sediment loads 

include both surface and 

subsurface flows



Seasonal Phosphorus LoadsSeasonal Phosphorus Loads
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• Particulate P is the main 
form of phosphorus exiting 
the field

• P in surface runoff (60%) 
and subsurface flow (40%)

• Mean concentrations 
consistently  exceed MENV 
guidelines of 0.03 mg/l



Seasonal Nitrate loads
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• Subsurface flow is the 

principal pathway for nitrate 

transport (>90% of total 
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• Mean concentrations 

exceed MENV guideline of 

10 mg/l
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Summary

• Developed an understanding of nutrient transport pathways 
on agricultural fields (partitioning between surface runoff 
and subsurface drainage)

• Current work aims to compare nutrient loads from surface 
drained fields with tile-drained fields to evaluate tile 
drainage as a BMP

• Computer models are an effective way to determine the 
suitability of BMP scenarios for individual fields, and have 
potential to be developed as an agro-environmental tool for 
minimizing nonpoint source pollution. 
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Summary

• SWAT works well in the growing season but tends to 

under predicts snowmelt and runoff in frozen soil 

conditions

• Total yields are usually well simulated while the 

partitioning of flow between surface runoff and tile 

drains can be further improved.

• Although being applied at the field scale, SWAT 

incorporates sub-basin characteristics well
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Future Work

• Simulation

– Change code to improve snowmelt prediction

– Include data on crop harvest, tillage 

• Incorporate More Data

– 2005-06 Hydrologic Events

• Water Quality Simulation

– Sediment

– Phosphorus

• Best Management Practices

– Evaluate Impacts

– Estimate Reduction in P losses
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Future Work – Watershed Scale

• Modeling of phosphorus 

movement at the watershed 

scale

• Development of a revised P-

Index

• Determination of Total 

Maximum Daily Loads

Source: Lake Champlain Basin Program



Thank You!
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