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Introduction

Why CNH?

» Human activity is intricately linked to the quality and quantity of water
resources. Although many studies have examined human-water dynamics, the
complexity of such coupled systems is not well understood.

» Do decision-makers understand the tradeoffs among economic return and
environmental impact given alternative assumptions about the application of
nutrients? Does such understanding change the way farmers manage the
landscape or regulators set policies?

Objectives: Built framework of linked socioeconomic and biophysical processes:

1. Understand the connections that exist between the expanding biofuel economy,
land management, and water quality impacts

2. Develop Cl-enabled technologies to assist:

~  researchers transform data into knowledge about interrelated socioeconomic
and biophysical processes

»  stakeholders transform data into more informed decision-making through an
understanding of these processes
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Approach:
Linking sociocconomic and biophysical processes: a “360°” modeling
framework. Analvze scenarios based on alternative assumptions about
policy, economics, climate

Modeled decisions are linked to an existing watershed simulation model to understand
the impact these scenarios on indicators of water quality (nitrate, phosphate, dissolved

oxygen) L
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IDW Framework:
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IDW = Intelligent Digital Watershed SWAT = Soil & Water Assessment Tool DB = Data Base |
ABM = Agent-Based Mode DDM = Data-Driven Modeling ~ ====== Optiona!
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Model management and analysis

Internet Information Server (lIS)
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Examples:

« Run ABM Scenarios

« Run SWAT Scenarios

« Run ABM-SWAT Loops

» View and Save Scenarios
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Implementation: Prototype Clear Creek IDW

Study area:

> The Clear Creek watershed is a
267 km? HUC (Hydrologic Unit
Code) 10 units located in east-
central lowa.

» Approximately 85% of the land
cover in the watershed is
agricultural or grassland, 8% is
forest, 6% is roads or urban, and
the remaining area is water or
barren (lowa DNR 2008).

Oxford
ID #: 05454220 i

Coralville
ID #: 05454300
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Agent Based Model(ABM):

Agent-Based Model (ABM) is a cyber-enabled approach of simulating the actions and
interactions of heterogeneous autonomous agents in complex adaptive systems (CAS) such
as a land-use system (Bennett and McGinnis, 2008). Agents in the system make decisions
and behave based on specific decision-making heuristic, learning and adaption rules.

ABM of farmers’ decision on: Decision process:

Crop: corn, soybean, corn & stover,
. - Variabl
switchgrass, CRP (Conservation Reserve——
Perceive Environmental
P_rogram) . Interactwith | Information
Tillage: conventional, mulch, no otheragents | - B

Fertilizer application: N, P, K e
Decision rules: Profit/Utility maximization I ‘ ' g

Update Adjust

subject to environmental constraints Varibles) | Parameters/consiiaints
Exogenous variables:

Market prices for commodities, fuel, and ‘

fertilizer Optiniae seinsco

Profit/Utility Environmental

Policies about conservation practices and Pz
biofuels
Weather scenarios L
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To better define “agents™ we surveved rural residents of Clear Creek Watershed
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Prototype Clear Creek IDW
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Login l
Home
Agent Based Model (ABM) Process

ABM Process
CLU-HRY Transformation e et
Hun SWAT Selact Scenario

™ Market

c Policy

™ Climate

. ’ ABM Simudation Input Files:

Hydroscience & Engineering

Logout

Scenario Values

|M1 (Markat) 'I
|P1 (Policy) ']
|01 (Chmate) 'I

ﬂ#f‘

1. Price Info Fite: |

2. Parcel Info File; |
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ModelBase schema:

_~ CCEOTEST.GeoIIHR - Diagram_1%|
IDW_SWAT HRU_OP_DATA
SWAT_Hru_Id
SWAT_Master_Id
Subbasin_Id
Hru_Id

Year

Month

Wyld_Min
Wyld_DIFF_Max
Wyld_Avg
Wyld_SD
Wyld_var
Syld_Min

Sagdd pa

s

ElEREREEEE )

IDW_USERS

User_Id
Password

First_Mame

Email
DateCreated

DateModified
Role_Id =]

LLLLLT] e

IDW_USER_ROLES

9| Role_1d
_l RoleName
_J Permissions

W_SWAT_RCH_OP_DATA

SWAT_Master_Id
SWAT_Rch_Id
Subbasin_Id
Year
Month
CBOD_DIFF_Min
CBOD_DIFF_Max
CBOD_DIFF_Avg
CBOD_DIFF_SD
CBOD_DIFF_Var
DISOX_DIFF_Min
DISOX DIFF IVEX

Last_Name B

User_Id
Ip_Scenariold
SWAT_Master_Id
Watershed_Id
Subbasin_Count
HRU_Count
RCH_Count
Dummy_1

Dummy 2

IDW_ABM_OP_SCENARIOS
OP_ScenariolD
IP_ScenariolD

ScenarioOutput

=
9
_I PriceInfolnput
=]
=]
=

User_Id

IP_ScenariolD

DateCreated
DateModified
Parcellnfolnput

1%

1 i o s 5

W_SWAT_STD_OP_DATA

SWAT_Std_Id
SWAT_Master_Id
Year

Month
Water_YLD_Min
Water_YLD_Max
Water_YLD_Avg
Water_YLD_SD
Water_YLD_Var
Sed_YLD_Min
Sed_YLD_Max
Sed_YLD_Avg
Sed_YLD_SD
Sed_YLD_Var
Tot_NO3_Min
Tot_NO3_Max
Tot_NO3_Avg
Tot_NO3_SD
Tot_NO3_Var

i

1 i e o i

IDW_SWAT_SUB_OP_DATA

SWAT_Sub_Id
SWAT_Master_Id
Subbasin_Id
Year

Month
Sed_YLD_Min
Sed_YLD_Max
Sed_YLD_Avg
Sed_YLD_SD
Sed_YLD_Var
Lat_NO3_Min
Lat_NO3_Max
Lat_NO3_Avg
lat_NO3_SD
Lat_NO3_Var
Date_Created
Date_Modified

The |
LINIVERSITY
OF lowa



Visualization in IDW: Market scenario
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Multi model simulation steps:
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Multimodel simulation and Visualization:
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Expected outcomes:

The IDW should also be able to:

» Find all scenarios that result in water quality that exceeds a user specified
threshold level

» Find all scenarios that result in economic return exceeds a user specified
threshold level

And help answer such questions as:
What characteristics do the scenarios that meet environmental and economic
goals have in common?

Under alternative scenarios

» What agricultural land use patterns will emerge in the Clear Creek Watershed
» What is the likely impact of this land use pattern on water quality in the Clear
Creek Watershed

» What is the likely impact of this land use pattern on economic return from

grain and biofuel crops production in the Clear Creek Watershed L
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Thank You

For your kind attention
Have a question?

Sudipta K. Mishra
Email: sudiptakumar-mishra@uiowa.edu




