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WSC Cat 3: Watershed Integrated System Dynamics Modeling: An example of linking a coupled Earth
System model and System Dynamics In a sub-basin of the Columbia River

Introduction WISDM Modeling Approach Spokane Valley-Rathdrum Prairie Aquiter

The Columbia River Basin covers a total drainage area of about 670,000 km? Groundwater storage, recharge and discharge play important roles in land-atmosphere studies because of their

of the Pacific Northwest and is managed to satisfy multiple human objectives. Linking Collaborative modeling and BioEarth impacts on surface energy and water exchange with the atmosphere. The dynamics of groundwater table
The availability of surface water for irrigation in the basin is expected to be L and control runoff generation processes, soil moisture in the root zone and evapotranspiration rate. Inclusion or
negatively impacted by climate change. Previous climate change studies in the exclusion of groundwater — surface water interactions in future climate change impact studies can lead to

region suggest a likelihood of increasing temperatures and a shift in _ _ _ different estimations of surface water availability and dilution capacity — an essential input into CM efforts to
initati i initation hiaher i i i BioEarth Land is a regional | Research / Results - -
precipitation patterns, with precipitation higher in the winter and lower in the ) manage river solute concentrations and meet TMDL targets.

summer. For better management and decision making in the face of climate Biosphere relevant Earth Collaborative Modeling (CM): to assess water systems

.- and demands and develop 1deas for adapting water
change, earth system models must explicitly account for natural resource and System model developed resulatory andlegal institutions

agricultural management activities. through a USDA EaSM | : o fﬁgﬁ},&l
. . _ _ project. 7 . Al LN =

Our approach is to construct linked models to study interactions between water BioEarth-Lanc kN1 d

use decisions and climate change-driven watershed processes, and then to Tier 1 feedback SR Al

explore how participant / stakeholder involvement in the modeling could both A LSEg L EA S S Hydrology and Biogeochemistry:

improve understanding of the systems and lay the groundwork for adaptive between the BioEarth-Land streamflow, agneultural production,
C e ier - ) ] h . nutnent dynarmics, dam operations

changes in institutional arrangements. The inclusion of stakeholder-driven Scenarios and stakeholder-

collaborative modeling will occur in two of four sub-basins including Spokane driven Collaborative Tier?

River Basin In northern Washington State and northwestern ldaho State. modeling Feedbacks

Columbia
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Canada
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Regional Economics: agneulture,
mumicipal hydroelectne, and Mexico

O bJ ect | Ve Tier 2 feedbacks occur Rl o e

between the linked Hydrology

Our goal is to study the impacts of climate change on CRB water Biogeochemistry and Surface water — Groundwater modelin o
avalilability at multiple scales and how stakeholders will respond to these Economic models within Tier 1 Feedbacks: impacts on water quantity & quality,

changes In an altered climate. Towards this goal, it Is essential that we have BioEarth Land agricultural production, other ecological services, and _ _ _ _ o _ _
process-based knowledge of biophysical and biogeochemical systems and greenhouse gas emissions 1. Previous hydrological modeling efforts (e.g. the Variable Infiltration Capacity Model — VIC) have failed

the future responses of these systems to change. Furthermore, assessment of to represent the dynamics of strong groundwater — surface water interactions in the SVRP aquifer

water-system vulnerability requires directly modeling human and Collaborative Modelin g especially in summer (see figure below)

gggilgfgmﬁ?égIhseﬁtr%rgeﬁsgl?gglkgé%gg Is?)taeég.‘:tcl)%?; ?ﬁéweﬁﬂlei%%réo&g%?bqg to 2. We use a coupled Groundwater and Surface-water FLOW model (GSFLOW) which consists of a

model how changing incentives faced by individuals alter decisions, Collaborative modeling involves building and running a system dynamics (SD) physically-based hydrological model — the USGS Precipitation-Runoff Modeling System (PRMS) and the
preferences, and beliefs that aggregate to affect institutional change. model with stakeholders in real time, allowing them to drive inputs and scenarios Modular Ground Water Flow Model (MODFLOW-2005) (Markstrom et al., 2008)

3. The model can account for climatic conditions, flow across the land surface, saturated subsurface flow

viophysical system will cause them to promote a change in policy and what that and storage, plus connection among streams, lakes and groundwater (Huntington and Niswonger, 2012). It
solicy will look like. For the SRB stakeholders are concerned with low flows Is based on a well-calibrated MODFLOW model for the SVRP aquifer developed by Hsieh et al. (2007)

nhosphorous and DO and toxics such as PCBs. The SD model will include _vegow  wroow  vewow  nsgow  mepow  vgow
information from BioEarth and GSFLOW to initialize the hydrology, additional v Obeorved Bl i L S S
models will assist with P,N,DO, etc. Stakeholders decide upon policy options that 1 %8 Simulated
can be used to simulate preferred futures in the SD model such as the one below
simulating discharge in the Spokane River.

for the SD model, and developing an understanding as to what changes in the

*The Spokane River basin (SRB) Is
one of the four sub basins chosen as
focal points of the WISDM project to
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