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Abstract: 
Pollution control authorities throughout 
the world are very much concerned about 
the deterioration of surface and 
groundwater quality due to agricultural 
pollution. The research during the past 
decade confirms that nutrients viz. 
nitrogen (N) and phosphorus (P) are the 
major cause for eutrophication of drinking 
water sources. This results in odour 
problems, unaesthetic view, and effect on 
aquatic habitats. High concentrations of 
nitrate in drinking water cause 
methemoglobinemia or “blue baby 
syndrome” a potentially fatal disease in 
infants. The impact of excessive fertilizer 
usage also results in reduction in soil 
fertility and hence productivity.  
 
The assessment of nutrient pollution from 
agricultural land is difficult because of its 
diffused nature. Spatial database and 
hydrological analysis tools are necessary 
for its assessment in a watershed.  
Literature reveals that models have been 
developed for this purpose.  However, the 
common criticism is that  most of the 
models are data intensive and require 
knowledge of hydrology as well as GIS for 
pre-processing of data and post-
processing of modeling results. This limits 
their applicability in decision making for 
watershed management. To overcome this 
limitation, a user-friendly, platform 
independent, stand-alone application tool 

which incorporates GIS features and 
functionalities for data analysis and 
computing has been developed in the 
present work. The software NutriL-GIS 
integrates Application Programming 
Interfaces (APIs) in Arc-GIS Engine9.1 
with .Net framework. The three 
computational modules of NutriL-GIS are: 
 

• RunEstim for simulation of 
rainfall-runoff in a watershed 

• ADAM for analysis of agricultural 
data and to estimate nutrient 
remaining in soil 

• NutriLem for assessment of 
distributed nutrient load in a 
watershed.   

 
The modelling tool facilitates delineation 
of micro-watersheds where, best 
management practices (BMPs) such as 
construction of buffer strips, settling pond 
and riparian zones etc. can be 
implemented to check the agricultural 
runoff reaching main stream. Application 
of the software is demonstrated with a 
case study for Kanhan river sub watershed 
in Nagpur District, India.  
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Introduction: 
 
Quantitative assessment of agricultural runoff and nutrient  pollution load generated in a 
watershed requires large data base on various agricultural and environmental parameters. 
The spatial and temporal variability in the data increases the complexity in database 
management and mathematical modeling. Therefore, Geographical Information System 
(GIS) based mapping and modeling approach is often used in estimation of runoff and non-
point load estimation. In this context reported studies are those by Nielsen, et al (1990), 
Mitchell  (1993) Morse, (1994), Tim and Jolly, (1994), Jolankai et al., (1999), Chowdhary et 
al., (2001), Ma,  et al., (2005), Sargaonkar et al., (2006). In GIS, spatial variability in terms 
of environmental aspects (e.g. landuse, soil, and rainfall) can be accounted by generating 
maps and selecting appropriate model parameters. The user after understanding the 
problem at catchment scale and verifying the data availability can embed the mathematical 
formulation for hydrological processes in GIS or can couple them with GIS. In any case, 
user is expected to know the GIS for pre-processing of data and post-processing of 
modeling results. In addition, user has to understand the underlined mathematics as well as 
hydrology of the watershed.  Therefore, GIS-based study for assessment of NPS pollution 
load are limited. In view of this, a need was felt for a GIS-based stand-alone application tool 
for assessment of Agricultural Runoff and  Nutrient Pollution generated  in a Watershed.  
 
NutriL-GIS: A Tool for Assessment of Agricultural Runoff and 
Nutrient Pollution in a Watershed: 
 
GIS-based mapping and modeling approach includes creation of spatial databases on 
landuse, soil type, topography in a watershed; performing overlay analysis; and grid based 
computing. These functionalities such as overlay of map, Grid generation and grid operation 
are available in ArcGIS Engine 9.11 which is a developer product for creating custom GIS 
desktop applications. It provides Application Programming Interfaces (APIs) which include a 
series of high-level visual components to build an ArcGIS stand-alone application. It offers 
Standard GIS framework, ArcObjects, on which the ArcGIS family is built. VB.NET2 
framework is available as Developer Control in ActiveX on Windows platform. The 
functionalities and analysis tools of ArcGIS which are available in Arc-GIS Engine 
Interface have been integrated with VB.Net2 for development of a stand- alone 
application. User defined numerical data such as rainfall, agricultural area details and 
fertilizer related database is to be provided in Excel format. 
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The software comprises of three modules: 
 

1. RunEstim Module 
2. ADAM 
3. NutriLEM Module 

 
RunEstim: Runoff Estimation is the module for rainfall-runoff estimation in a watershed. It 
is based on a popular empirical model, the Soil Conservation Service Curve Number (SCS-
CN) method for estimation of direct runoff for a given rainfall. The method can take into 
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account runoff producing characteristics of land including landuse, land cover, hydrologic 
soil condition and antecedent moisture condition (AMC). The model is GIS-based. 
ADAM: Agricultural Data Analysis Module (ADAM) is for analysis of agricultural data such 
as area of agriculture in Kharif season and Rabi season, crop combination, fertilizer applied, 
and nutrient uptake rates. This module estimates the nutrients remaining in agricultural 
land in Kharif and Rabi season. Based on monthly average rainfall in the study area, it also 
estimates landuse-specific runoff. The estimate of nutrient remaining in land, and landuse –
specific runoff are used to determine Event Mean Concentration (EMC) of Pollutant in the 
runoff generated from agricultural land in a watershed. This module is independent of GIS. 
 
NutriLEM: Nutrient Load Estimation Module (NutriLEM) is for estimation of nutrient load 
from agricultural land in a watershed. This is estimated as the product of the volume of 
runoff (the output of RunEstim module) and the concentration of the pollutant (EMC) in the 
runoff (the output of ADAM module). The model is GIS-based. 
 
Each module also has Help button which provides help for the selected module. 
 
Executing NutriL-GIS: 
 
The application of NutriL-GIS is presented with a case study in Kanhnan river subwatershed 
in Nagpur District, India. Kanhan is a major source of water supply to Nagpur city and its 
nearby villages. There are eleven small units called talukas, where, more than 50% of the 
area in each taluka is under agriculture. Fertilizers are applied according to nutrient 
requirement of each crop and impact of excess fertilizer is seen in terms of algal bloom 
formation in surface waterbodies and high nitrate concentration in groundwater. Therefore, 
assessment of pollution load from agricultural land due to fertilizer application was 
undertaken. The first screen which is displayed when the user clicks on the application is the 
Main form consisting of five buttons, RunEstim, ADAM and NutriLEM, and “Help” & 
“Exit”. Fig. 1 depicts the Main form of NutriL-GIS.  
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Fig: 1-Main Form 
 

RunEstim 
 
RunEstim simulates the hydrologic response of the watershed in terms of runoff generation after 
the rainfall. It is based on a popular empirical model, SCS-CN method which can take into 
account runoff producing characteristics of land including landuse, land cover, hydrologic soil 
condition and AMC.  RunEstim uses flowdirection and flowaccumulation functionalities of GIS 
for computing the overall accumulation of overland runoff. Fig.2 depicts the form for RunEstim 
module.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig: 2-Form for RunEstim Module 

 
 Soil Conservation Service Curve number (SCS-CN) model (Soil Conservation Service 
1964; 1972). 
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CN depends upon the soil type and land cover. It is defined as a function of antecedent moisture 
condition in the drainage basin and hydrological soil group. Curve Number represents watershed 
coefficient and is dimensionless parameter in the range 0 to 100. 
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ADAM  
 
ADAM estimates the nutrients remaining in agricultural land in Kharif and Rabi season.  This 
estimation uses agricultural data on crop combination, area under each crop, fertilizer 
requirement of crop and nutrient uptake rates. The module also estimates landuse-specific 
runoff from agricultural land based on pervious and impervious area coefficients and fractional 
imperviousness of land. EMC of Pollutant is computed using nutrient remaining and landuse-
specific runoff.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig: 3-Form for ADAM Module 
 
 Estimation of Landuse -Specific Agricultural Runoff 
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Where, 
Rj is total average annual surface runoff from landuse j (m),  
IMPj is fractional imperviousness of land use j, 
I is long term average annual precipitation (m), 
Cp is pervious area runoff coefficient, 
Ci is impervious area runoff coefficient. 
The amount of annual runoff from a particular land use area, Qj is estimated as: 
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Where, Aj is the area of land use j (m2). 
Estimation of Event Mean Concentration (EMC) : 

j

i
j Q

T
C =  

Where, Ti is the nutrient i remaining on the land (kg/yr), 
                Qj is the amount of surface runoff from land use j (m3/yr). 
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NutriLem 
 
NutriLem module simulates distributed nutrient load generated in a watershed from agricultural 
land.  Using integrated watershed model. The output of this module is processed for computing 
load accumulation at various points in the watershed using ArcHydro utility of GIS and is 
available for user to display either in the form of map or graph. This utility also supports 
drainage point and catchment area delineation. It is also possible to save the results in desired 
format and at location as well. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig: 4-Form for NutriLem Module 
 
 
 
 
 
 
 
 
 

Conclusion 
 
The software developed in the present study comprises of three modules viz. RunEstim, 
ADAM and NutriLEM. Each module is designed for specific purpose and can be used 
independently even though they are interlinked for NPS pollution load estimation. For 
example, RunEstim module is for simulating the hydrologic response of the watershed. The 
estimate of overland runoff obtained by RunEstim simulation and the locations of maximum 
runoff accumulation can be used as guideline for decision making in a watershed to 
construct percolation tanks or water storage tanks as per the local needs of farming.  

[ ] [ ] [ ]VolMassionConcentratTimeVolRunoffTimeMassLoad *=  

Estimation of Distributed nutrient load: 

a 
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The software is designed keeping in view small agricultural watersheds and is evaluated for 
the impact of agricultural practices in local scale. However, it needs to be tested and 
modified so that it can be applied on regional basis as well. Presently, the software requires 
various GIS inputs in the form of shape files for analysis and modeling. In order to make it 
completely independent of GIS, a support tool which can convert AutoCAD map to shape fie 
is necessary. This tool is under development and yet to be integrated with NUTRIL-GIS. 
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