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Thurs., Feb. 25 
8:15-8:30am 
 
 
8:30-10:00am 
 
 
10:00-10:30am 
 
10:30am-12:00pm 
 
 
12:00-1:00pm 
 
1:00-2:30pm 
 
 
2:30-3:00pm 
 
3:00-5:30pm 


 
Welcome, Introductions, Meeting Goals 
Lead: Jenny Adam 
 
Session A: Progress to Date – Ignite Presentations 
Leads: Julie Padowski and Jenny Adam 
 
BREAK 
 
Session B: Nitrogen Budget 
Leads: Brian Lamb, John Harrison, and Mike Brady 
 
LUNCH 
 
Session C: Integrated Agricultural Scenarios 
Leads: Mingliang Liu and Jenny Adam 
 
BREAK 
 
Academic Community-Wide Poster Session  


 
5:45pm 
 
 
 
 
Fri., Feb. 26 
8:30-10:00am 
 
 
10:00-10:30am 
 
10:30am-12:00pm 
 
 
 


 
DINNER (South Fork Public House, 1680 S Grand Ave.) Note that this 
dinner is a formal part of the meeting for BioEarth students only and 
student meal costs will be covered. Others are welcome to participate in 
dinner, but on an informal basis. 
 
 
Session D: Stakeholder Engagement 
Leads: Chad Kruger and Liz Allen 
 
BREAK 
 
Session E: Project Cross-Walks and Future Directions 
Lead: Jenny Adam 
 


  
 


	


 


Thursday-Friday, February 25-26, 2016 
Location: PACCAR Town Square and Seminar Room 


Washington State University, Pullman, WA 
 


AUDIO connection: 509-335-4700 pin number 1111# (Feb. 25 morning) 
                                                                                 2222# (Feb. 25 afternoon) 


                                                                               3333# (Feb. 26 morning) 
VIDEO connection (no audio): http://breeze.wsu.edu/bioearth/  


AGENDA 








Goal Approach Impacts
BioEarth is an integrated 
modeling initiative with a focus 
on the U.S. Pacific Northwest 
region that explores the 
coupling of multiple stand‐
alone models to generate 
usable information for 
resource decision making. 


Our overarching goal is to 
improve understanding of the 
interactions between coupled 
C:N:H2O dynamics and human 
actions at regional and decadal 
scales under global change to 
1) better understand the role 


that resource management 
actions have in impacting 
earth system dynamics, and 


2) inform resource managers 
about the consequences of 
their decisions on the earth 
system, with a particular 
focus on quantifying 
environmental feedbacks 
and ecological and 
environmental tradeoffs. 


. As managers of agricultural and natural 
resources are confronted with uncertainties 
related to global change, the complexities 
associated with the interconnected cycling of 
nitrogen, carbon, and water present daunting 
management challenges. BioEarth can provide 
regionally‐consistent information as to the 
impacts of changes in climate, management, 
and policy on cropping, rangeland, and 
forested agroecosystems; while explicitly 
considering environmental impacts, water 
resource sustainability, and energy production.


BioEarth: A Regional-Scale Earth System Model to Inform
Agricultural and Natural Resource Management Decisions


PDs: J.C. Adam1, S.H. Chung1, M.P. Brady1, R.D. Evans1, C.E. Kruger1, B.K. Lamb1, C.O. 
Stöckle1, J.K. Vaughan1, J.A. Harrison1, C.L. Tague2, A. Kalyanaraman1, Y. Chen3, A. 


Guenther4, F.Y. Leung1, L.R. Leung4, A.B. Perleberg1, J.C. Stephens5, J. Yoder1
(1) WSU, (2) UCSB, (3) OSU, (4) PNNL, (5) Clark U.


For more information, contact: Jennifer Adam, Washington State University, 509-335-7751
Email: jcadam@wsu.edu and visit http://www.cereo.wsu.edu/bioearth/ Funding 
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Example Management Scenarios
Cropland: crop selection/rotations, irrigation, fertilization, tillage
Rangeland: grazing, restoration
Forests: fuel and carbon management, restoration
Water supply: reservoirs, water rights curtailment, water transfers
Air quality: regulations for emission of pollutants
Exogenous agents: policy, international trade, domestic demand


Example Model Outputs
Air quality: GHG emissions and other 
pollutants


Water quantity and deficit: soil moisture, 
rivers, reservoirs, unmet demand


Water quality: dissolved inorganic/organic 
nitrogen and carbon


Terrestrial ecosystem health: species 
composition, net primary productivity, 
water stress, nutrient limitations


Economic: crop yield, forest/range 
productivity, hydropower generation, 
carbon mitigation


Each application is designed to match the level of model integration 
to the interconnectivity of the decision process under investigation.


BioEarth is a modular Earth system 
Modeling (EaSM) framework that 
integrates atmospheric, terrestrial, 
aquatic, and economic models. 
Our land surface models utilize a 
bottom‐up approach that 
preserves fine spatial‐scale 
sensitivities. Our economics 
approach is two‐pronged; allowing 
for both rich economic analysis 
and spatially‐explicit biophysical‐
socioeconomic integration. Direct 
engagement with non‐academic 
stakeholders throughout model 
development informs priorities for 
model development and scenarios.







Example Specific Research Questions:
Sustainable Adaptation to Drought


PDs: J.C. Adam1, S.H. Chung1, M.P. Brady1, R.D. Evans1, C.E. Kruger1, B.K. Lamb1, C.O. 
Stöckle1, J.K. Vaughan1, J.A. Harrison1, C.L. Tague2, A. Kalyanaraman1, Y. Chen3, A. 


Guenther4, F.Y. Leung1, L.R. Leung4, A.B. Perleberg1, J.C. Stephens5, J. Yoder1
(1) WSU, (2) UCSB, (3) OSU, (4) PNNL, (5) Clark U.


For more information, contact: Jennifer Adam, Washington State University, 509-335-7751
Email: jcadam@wsu.edu and visit http://www.cereo.wsu.edu/bioearth/ Funding 
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Cropping Systems Rangelands Forests
Q1. How can agriculture in 
the western U.S. adapt to 
increasing frequency and 
severity of droughts, while 
minimizing environmental 
impacts?


Q2.How can rangelands be 
managed to reduce 
competition by invasive 
species and sensitivity to 
drought in the context of 
climate change?


Q3.How can forests be managed to 
adapt to increasing frequency and 
severity of extreme events, drought 
mortality and wildfire?


Atmospheric Interactions: Q4.How do proposed changes in resource management practices 
affect atmospheric dynamics/chemistry? How do these feed back to the land surface?


Water Resource Interactions: Q5. What are the consequences of changes in land management 
practices and climate on water quality; instream flows for habitat and hydropower; and flood risk? 







Communication Research
Via surveys and interviews we are studying 
communication among stakeholders and scientists. 
Among scientists there are a range of attitudes about 
the value of the stakeholder engagement and varying 
expectations for the production of decision‐relevant 
information. We are comparing the stakeholder 
engagement process within BioEarth and other 
environmental modeling efforts in the Pacific 
Northwest.


Working Group Members: Elizabeth Allena, Chad 
Krugerb, Jennie C. Stephensc, Fok‐Yan Leungd, 
Georgine Yorgeyb
a School of the Environment, WSU
b Center for Sustaining Agriculture and Natural Resources, WSU
c International Development, Community and Environment, Clark U.
d  Department of Civil and Environmental Engineering, WSUCommunication Research and Stakeholder Engagement


Objective: To develop model outputs that natural and agricultural resource managers can use to 
explore potential consequences of their decisions, with a focus on quantifying environmental 
feedbacks and tradeoffs.


Impacts:
1. Soliciting stakeholders' insights about scenarios to be explored in 


the integrated model.
2. Communicating potential utility of the model to stakeholders and 


enhancing their understanding of environmental models.
3. Increasing researchers' awareness of the factors driving resource 


management decisions.


Design
Stakeholders engaged include 
representatives from industry, 
government agencies (federal, 
state, local and tribal), and 
conservation and policy 
advocacy organizations. The 
workshop format involves 
round table and digital‐
response based conversations.


Approach: Promoting bi‐directional communication among researchers and stakeholders 
Timeline 
2013: N and C management, water 
availability
2014: Rangeland and forest 
management, air quality
2015: Water quality, larger 
meetings to promote 
understanding of the potential 
utility of the model to a wider 
audience







Sub‐project participants: 
K. Rajagopalan, B. Chandrashekharan, K. Malek, M. Brady,  Y. 


Chen, R. Nelson, C. Stockle, C. Kruger, J. Adam


Economic Models:
1. Computable General 
Equilibrium (CGE) model 


= richer economic 
analysis


2.   Agent‐Based Model 
(ABM) = spatially‐


distributed decision‐making 
for tighter integration


Biophysical Model (VIC‐CropSyst)


Assessing the impacts of climate (change & variability), crop management practices, and 
socio‐economics on agriculture in the Columbia River basin


• Understand the relationships between of climate change and variability on cropping systems (including direct and indirect 
effects, e.g. through irrigation water deficit) in the Columbia River basin.


• Capture the context of human decision making in agriculture, including technology and management practices, as well as 
socio‐economics.


• Create an integrated hydrology and crop growth modeling framework,  
VIC‐CropSyst, that is applicable to any domain.


• Incorporate the capability to model technological and management 
practices in agriculture, including irrigation and fertilization.


• Interface the model with socio‐economics to capture agricultural 
producer decision making both in the long and short terms.


• Integrate the framework with  a regional climate model, to understand 
the feedbacks of crop management activities on the atmosphere.


Objective


Approach                                                                                           Impact and Example Results
• Ability to identify non linear and non 


monotonic responses of the integrated 
system to changes over time.


• Better inform agricultural resource decision 
making  by evaluating the overall 
consequences of multiple adaptation 
strategies in an integrated manner.







Using BioEarth’s framework to model, measure, and study effects of nitrogen deposition 


Sub‐project participants: T. Nergui, 
J. Poinsatte, S.M. Anderson, S.H. Chung, 


R.D. Evans, B.K. Lamb, J.C. Adam


Objective: Understand emission sources of N deposition and their impacts on sensitive ecosystems


Impacts: Inform policy decisions regarding regulations of N emissions in the Pacific Northwest
Improve model linkages between atmospheric and terrestrial systems


N Deposition Modeling N Deposition Measurements Measuring and Modeling 
Ecological Impacts


Approach WRF‐CMAQ simulations to assess 
model performance on precipitation 
and N deposition


Measuring N concentrations in 
precipitation for N deposition rates 
and isotopic composition for N 
emission sources


Field experiments to parameterize 
RHESSys simulations to evaluate N 
deposition effects on ecosystem 
services


Example
work


WRF‐CMAQ output for annual total
(wet and dry) N deposition rates in 
2008.  Highest modeled N deposition 
rates (+20 kg N ha‐1) are more than 
ten times greater than background 
levels of deposition.


Shifts in N isotopic values of nitrate 
indicate seasonal changes in N 
sources with greater influence from 
fossil fuel combustion in colder 
months and from biogenic emissions 
in warmer months.


Modeled and field measured N2O 
emissions differ greatly in the 
subalpine vegetation community due 
to dissimilarities in parameterized soil 
moisture and field conditions.







 


  


Daily Air Quality Forecasting System 


AIRPACT 
http://www.lar.wsu.edu/airpact 


Forecasting: 
Inputs: 
Meteorology from: 


University of  
Washington, 
Weather Research 
& Forecasting 
Model (WRF) 
Weather Forecasts 


Emissions from: 
• Vehicles 
• Industry 
• Agriculture 
• Biological   


Sources 
Boundary Conditions 


from MOZART4 
Initial Conditions 


from previous run 


Outputs: 
Predicted Air 


Pollutants:  
-  Particulates 
-  Ozone 
 -  NOx 
  -  CO 
- and more. 


WSU’s Laboratory for Atmospheric Research created 
AIRPACT v.1 in 2001; it was the first operational high-
resolution air-quality forecasting system deployed in the 
USA.  AIRPACT-4, LAR’s current operational system, 
operates on a 285 E-W by 258 N-S grid (shown above) of 
4 km by 4 km cells, with 21 vertical layers that extend 
from the surface into the stratosphere.  AIRPACT-4 uses 
the Community Multi-Scale Model for Air Quality (CMAQ) to 
solve the many equations describing horizontal transport by 
wind, vertical mixing and dispersion, gas phase and gas-to-
aerosol atmospheric chemistry, wet deposition by precipitation 
and dry deposition by diffusion to surfaces.  AIRPACT also 
gets observations from AIRNow for plotting comparisons 
(shown on the right).  The AIRPACT modeling framework has 
been used in numerous studies and is regularly applied to 
address needs of local, tribal and state air-quality agencies. 
 


Contact: Joe Vaughan <jvaughan@wsu.edu> 


Public 
Health 


Protection  


Example of PM2.5 
forecast for a day 
in summer 2015 
showing predicted 
wildfire plumes. 







Long-Term Water Supply and Demand Forecast
Background: Since its establishment in 2006, the Department of 
Ecology’s Office of Columbia River (OCR) has rapidly improved water 
supply  for eastern Washington, with approximately 150,000 acre-
feet already developed and another 200,000 acre-feet in near-term 
development.  Consistent with its legislative directives, OCR is 
developing a portfolio of diverse projects including modification of  
existing storage, new storage facilities, conservation piping and canal 
lining projects, transmission piping projects, and water right 
acquisitions.  Every five years, OCR is required to submit a long-term 
water supply and demand forecast to the Legislature. The 2016 
Forecast will help OCR strategically fund water supply projects by 
improving under-standing of where additional water supply is most 
critically needed, now and in the future. The Forecast provides a 
generalized, system-wide assessment of how future environmental 
and economic conditions are likely to change water supply and 
demand By the 2030s, and is evaluated at three geographic tiers: the 
entire Columbia River basin, Eastern Washington’s watersheds, and 
Washington’s Columbia River mainstem.


For More Information: www.ecy.wa.gov/programs/wr/cwp/forecast/forecast.html  


Tier II: Yakima Basin Supply and Demand


Tier III: Future Surface Water Supply Tier I: Columbia River Basin
• Small increase of around 3% in average 


annual supplies
• Timing changes will shift water away from 


times when demands are highest: 14% 
decrease Jun.-Oct.; 18% increase Nov.-May.


• Increase in WA irrigation demand of 5%


Example Results from the 2011 Forecast


Planned Improvements for the 2016 Forecast
Substantially improved modeling platform: framework integration and feedbacks; irrigation 
technology, management, consumptive losses; reservoirs and curtailment modeling; multiple time-
period economics (within-season, multi-year, long-term); improved climate forecast data; Yakima in-
depth analysis; and incorporation of additional modules (see attached).


Three Geographic Tiers







WSC


VIC
Macro-Scale Hydrology


Liang et al, 1994 


CropSyst
Cropping Systems


Stöckle and Nelson 1994  
1. We performed a tight 
coupling between models 
for  land surface hydrology 
and cropping systems; this 
tool can be applied over 
both dryland and irrigated 
crop-lands from watershed 
to global scales. CropSyst
has the flexibility to simulate 
any crop type and was 
parameterized for ~40 
crop groups. Capabilities 
were included to predict 
the impacts of changes in 
irrigation technology and 
practices.


2. We linked our coupled 
crops/hydrology model 
(VIC-CropSyst) with water 
resources management 
modules (including reservoir 
operations and water rights 
curtailment) that allowed 
us to predict the impacts 
of water scarcity (in space 
and time) on agricultural 
productivity. This tool can 
be used to inform manage-
ment decisions in drought 
periods.


3. This biophysical 
modeling framework 
was then linked to 
economic decision 
making for both 
long- and short-term 
agricultural producer 
responses, and run 
under a range of 
scenarios. 


Long-Term Water Supply and Demand Forecast
Approach: Development of three novel integrated modeling tools.







Washington State University, University of Utah, and Aspect Consulting are collaborating 
with Ecology’s O�ce of Columbia River to address technical and policy issues associated 
with the Long-Term Water Supply and Demand Forecast. 


pect
C O N S U L T I N G


COST OF WATER EFFECTS ON APPLICANTS
Since 2000, the Legislature has begun to change the dynamics of water right processing 
for applicants, move from a State-pay to a more of an applicant-pay system.  Existing 
programs are in place for cost recover of both the cost to process the application and 
the water supply used to hydrate the project.  The WSU Team will evaluate the e�ect 
this change is having on applicant’s willingness to pursue projects, and on Ecology’s 
backlog of applications.  


      METRIC
METRIC is a satellite-based image processing methodology that 
calculates evapotranspiration at the �eld scale (~30 meters).  
The WSU Team will collaborate with farmers in Eastern Washing-
ton to measure water use and soil moisture to �eld-calibrate 
satellite aerial imagery and weather data.  METRIC can be used 
to determine basin-level ET for forecasting purposes, identify 
crop stress areas, and estimate water use without meters.  


GROUNDWATER INTEGRATION 
The 2011 Forecast Model did not include groundwater limitations as a control on future 
water use.  The 2016 Forecast Model will begin to integrate groundwater information by 
identifying published areas of groundwater decline, summarizing existing groundwater 
models and tools used by basin planners, and forecasting delayed impacts (physical and 
economic) of declining groundwater on the water budget.  


                      WATER BANKING
                  Water banking has emerged  
                  as a strong potential tool for 
                        meeting demands in critical 
                  areas of the State.  In the last  
10 years, the number of water banks has expanded tremendously. At the 
same time, Ecology’s portfolio of trust water rights has expanded and 
diversi�ed to meet instream �ow needs and mitigation of out-of-stream 
needs.  The WSU Team will evaluate the di�erent roles Ecology plays in 
water banking, how water banking can be enhanced in Washington, 
and how OCR’s mission can be met through water banking functions.


Long-Term Water Supply and Demand Forecast







For more information, contact:
Cailin Huyck Orr, Washington State University


509-335-8868
Email: chorr@wsu.edu


and visit http://www.cereo.wsu.edu/wisdm/


Watershed Integrated Systems Dynamics Modeling (WISDM)
Motivation: As one of the great river basins in the U.S., the Columbia River Basin 
offers a key constellation of water-management challenges, with highly 
engineered streamflow due to reservoirs and irrigation, excess nitrogen and 
phosphorous loadings from municipalities and agricultural sources, and salmonid
habitat issues, all of which will be affected by climate change. 


Project Goal: Our overall goal for this program is to improve understanding of 
interactions between water resources, water quality, climate change, and human 
behavior in agricultural and urban environments, including exploring how primary 
water users can be involved in the research process to develop scientifically 
sound and economically feasible public policy. 


Mission: This project’s mission is to:
•Understand how climate / land use changes have affected water quantity and 
quality in recent decades, and how will climate variability / change impact water 
quantity and quality in the future.
•Determine what agricultural 
practices will promote agricultural 
productivity under a new hydrologic 
regime while preserving water 
quality and minimizing greenhouse 
gas emissions.
•Explore possibilities for how dam 
operation could evolve to meet 
irrigation needs associated with 
sustained agricultural productivity, 
along with competing in-stream 
flow and hydropower requirements, 
under anticipated climate variability 
and change.
•Consider how changes in demand 
and supply-side economic 
conditions and climate change 
affect water use across space and 
time, and how will (or can) 
regulatory institutions adapt as 
water becomes increasingly scarce.


WSC



mailto:chorr@wsu.edu

http://www.cereo.wsu.edu/bioearth/





Approach: The WISDM 
approach integrates a 
system of existing and 
widely-applied models into 
an interdisciplinary 
framework that allows us 
to address the key issues 
surrounding the 
sustainability of water 
resources. This approach 
houses information 
provided by a complex 
integrated biogeochemical 
/ economic model 
(BioEarth-Land; shown at 
right) within a system 
dynamics modeling 
environment, a user-
friendly, graphics-based 
approach (shown below) 
that allows concerned 
stakeholders and 
scientists to jointly 
generate ideas for and 
explore adaptations to 
existing water regulatory 
institutions.


WSC







PRIMA
PLATFORM FOR REGIONAL INTEGRATED MODELING AND ANALYSIS
A unique capability for simulating complex 
interactions among human and natural systems at 
decision-relevant spatial scales:
▶ Integrates detailed models of regional climate, 


hydrology, energy, agriculture, socioeconomics, and 
other systems


▶ Flexible, modular, and portable to any region


▶ Individual component models driven by consistent 
global boundary conditions


▶ Stakeholder input used to design numerical 
experiments and guide uncertainty characterization.


 
PRIMA can address complex, multifaceted questions, such as:
▶ How resilient is current and proposed future energy infrastructure to extreme events, such as drought, heat waves, and 


hurricanes?


▶ How do policies in one sector influence outcomes in other sector? For example, how would different bioenergy crop 
incentives influence energy costs, water availability, and land use in different regions?


▶ How do the intrinsic characteristics of a region enhance or constrain its ability to reduce greenhouse gas emissions or 
adapt to the impacts of climate change?


http://prima.pnnl.gov







February 2014


Why PRIMA?
▶ Many environmentally relevant decisions—from natural 


resource management to renewable portfolio standards—
are made at spatial scales that are not well resolved in 
global models or without accounting for the full set of 
interactions among relevant human and natural systems. 


▶ Each region differs in its distribution of energy, land, 
water, and other resources, as well as in its capacity to 
respond to climate change and other environmental and 
socioeconomic challenges. 


▶ Regional stakeholders need tools to evaluate different 
strategies for responding to climate change that can 
account for complex, multi-scale interactions among 
different systems and sectors.


 


Ian Kraucunas  
PRIMA Initiative Lead 
Ian.Kraucunas@pnnl.gov


 


Jennie Rice 
PRIMA Demonstration 
Jennie.Rice@pnnl.gov


Kathy Hibbard 
PRIMA Chief Scientist 
Kathy.Hibbard@pnnl.gov 


Charity Plata 
PRIMA Communications 
Charity.Plata@pnnl.gov 


Visit PRIMA online at http://prima.pnnl.gov/


CONTACT INFORMATION


How PRIMA Works


PRIMA fills these knowledge gaps by explicitly resolving key regional-scale processes and interactions in a 
consistent multiscale modeling framework that also accounts for larger-scale drivers and boundary conditions. 







DEVELOPING A FRAMEWORK FOR REGIONAL 
INTEGRATED ASSESSMENT MODELING


Pacific Northwest National Laboratory (PNNL), in 
partnership with Oak Ridge National Laboratory (ORNL) 
and supported by the Department of Energy’s (DOE) 
Integrated Assessment Research Program, is developing 
a framework for regional integrated assessment and 
Earth system modeling, known as RIAM, and applying 
this framework to the Gulf Coast region of the United 
States—a region where climate impacts, land use 
changes, sea level rise, and energy supply issues are 
interacting to increase the vulnerability of the energy and 
agriculture sectors. 


The RIAM project links regional climate, hydrology, 
socioeconomics, energy infrastructure, coastal 
processes, and agriculture and land use models to 
investigate the multifaceted impacts of climate change, 
as well as potential adaptation and mitigation strategies 
being considered by regional stakeholders. The project is 
highlighting the vulnerability of regional energy systems 
to heat waves, droughts, coastal storm surges, and other 
extreme events, with an initial focus on climate change 
impacts on electricity supply and demand across the 
southeast. Another key goal is improving understanding 
of the benefits and challenges associated with integrated, 
multiscale modeling and the interdependencies among 
human and natural systems in the context of climate 
change.


CHALLENGES
The project will generate new insights into the following 
questions:
• How is climate change affecting the vulnerability of Gulf 


Coast energy infrastructure to the combined effects of 
storm surge, subsidence, and sea level rise? How does 
vulnerability change under different scenarios of future 
climate change and regional energy and land use 
planning?


• How will regional climate change, especially changes 
in the duration, frequency, and intensity of heat waves 
and droughts, affect building energy demand and the 


climatemodeling.science.energy.gov


OFFICE OF BIOLOGICAL AND ENVIRONMENTAL RESEARCH


Climate and Earth System Modeling


at the state level, as well as offer more highly resolved 
representations of agricultural productivity and land 
management technologies. A regional Earth system 
model, driven by global boundary conditions provided by 
the Community Earth System Model (CESM), provides 
detailed, dynamically downscaled simulations of regional 
climate change under different scenarios of global climate 
forcing. These regional climate change scenarios are 
used to drive the other modeling components. 


For example, the high-resolution coastal storm surge 
model, which has been validated with historical hurricane 
data, simulates inland flooding for future hurricanes and 
can be coupled to a GIS-based model that relates storm 
surge height to impacts on specific energy infrastructure 
elements along the affected coastline. Likewise, regional 
climate is used to drive the detailed models of regional 
building energy demand and electricity operations at the 
utility zone scale to provide realistic assessments of 
increases in electricity demand during heat waves and 
decreases in electricity supply due to either high air 
temperatures or low water quantity or quality. Collectively, 
these unique modeling capabilities are yielding an 
unprecedented level of detail and insight into the 
interactions among changes in climate, energy, and water 
systems at regional scales and allowing the exploration 
of key issues facing regional stakeholders.


FUTURE WORK
The initial focus of the project on climate change impacts 
on electricity supply and demand across the Gulf Coast 
region currently is being extended to include additional 
climate forcing factors, such as stream temperature and 
river flooding, and additional infrastructure components, 
including oil and gas infrastructure. Additional emphasis 
on changes in agricultural productivity and the potential 
for increased regional biomass production also are 
planned. On a longer-term basis, these capabilities could 
be leveraged to evaluate different regional adaptation 
and mitigation strategies in an integrated, holistic context 
that includes both regional climate change and 
consistent changes in other natural and human systems, 
both in the Gulf Coast and other important regions.
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performance of thermal power plants? How will these 
changes influence regional grid reliability and electricity 
prices and what potential adaptation measures exist?


• What are the intrinsically regional characteristics and 
opportunities for mitigation and adaptation? Are there 
physical or economic constraints that make the 
implementation of, for example, different energy 
technologies or land use policies more difficult?


• What are the benefits, challenges, and implications of 
integrated modeling at regional scales? In particular, 
are there insights that cannot be gleaned from models 
that are less integrated or have coarser spatial or 
temporal resolution?


MAJOR COMPONENTS AND/OR THEMES
This project leverages PNNL’s Platform for Regional 
Integrated Modeling and Analysis (PRIMA) and also 
includes the development of new models and 
improvements to existing community models needed to 
resolve additional regional-scale processes and 
interactions. The primary integrating element of the 
framework is a regionalized version of the Global Change 
Assessment Model (GCAM), which has been extended 
and downscaled to represent energy supply and demand 


Simulation of wind and storm surge during Katrina landfall (grey dots = energy 
facilities)


Earth’s climate system involves multiple physical processes over a 
wide range of space-time scales. Many key processes occur on 
scales smaller than climate model grid sizes and representation 
(parameterization) of the so-called fast physics—primarily 
cloud-related processes—a main source of uncertainty in climate 
models. Parameterizations pose daunting challenges in a variety of 
areas, ranging from observations to modeling, from understanding 
the processes to formulating effective parameterizations, from 
testing parameterizations to ultimately using them in climate 
models. The Earth System Modeling (ESM) Program of the U.S. 
Department of Energy’s Office of Science initiated the Fast-Physics 
System Testbed and Research (FASTER) project in 2009 to meet 
the challenges by forming a multi-institutional*, interdisciplinary 
team of complementary areas of expertise to develop an effective, 
integrated multiscale model evaluation framework that best 
capitalizes on the detailed, continuous, long-term measurements 
from the different climate regimes of the Atmospheric Radiation 
Measurement (ARM) climate research facility sites. 


THEMES AND OBJECTIVES


• Focus on the ARM sites with detailed, continuous, long-term 
measurements in different climatic regimes. 


• Construction of a fast physics testbed, a multiscale data 
assimilation system, and eventually a multiscale visualization and 
evaluation system (MVES) that permits rapid, efficient evaluation 
and diagnosis of various fast processes at multiple scales.


• Integrative evaluation by combining models of different types 
and scales (from cloud to global scales), in addition to multiple 
models of each type, to better address the multiscale nature of 
processes and process interactions. 


• Interactive utilization of targeted, idealized case studies as well 
as investigation of continuous, realistic, long-term observations.


• Strong integration of observations and models at multiple 
scales through use of multiscale data platform.


 • Direct participation of main U.S. climate modeling centers to 
facilitate/accelerate implementation and testing of 
new/improved fast physics parameterizations in climate models.


ACCOMPLISHMENTS


 • A fast-physics testbed has been constructed and the 
beta-version released for the registered users. The current 
testbed consists of two major complementary components that 
capitalize on the continually evolving cloud measurements at 
the ARM sites: a single-column model (SCM) testbed and a 


numerical weather prediction model (NWP) testbed. The 
SCM-NWP integration allows use of not only rich ARM 
measurements, but also a vast pool of NWP results.


• The community Weather Research and Forecasting (WRF) 
model has been reconfigured as a typical Cloud-Resolving 
Model (CRM) or Large Eddy Simulation (LES) driven by 
idealized or realistic ARM large-scale forcings (WRF-FASTER). 


WRF-FASTER has been tested extensively and will soon be 
released to the general public.


• A multiscale data assimilation system (FASTER-DA) has been 
developed by combining the JPL-muliscale-3DVAR system with 
the NCEP-Gridpoint Statistical Interpolation (GSI) system and 
implementing them in the community WRF model. The 
FASTER-DA can choose between WRF and WRF-Chem as the 
base model for different purposes.


• A web-based data visualization and analysis toolkit is being 
developed to fulfill the need for dynamic interactivity with large 
volumes of data at a range of scales. Future plans include 
collocated aircraft trajectories, multi-dimensional data 
visualization via parallel coordinates and dynamic scatter plots, 
and integration with the FASTER testbed.


FASTER investigators have also conducted scientific research and 
published numerous peer-reviewed publications in virtually all the 
eight project task areas, including examination of ARM data 
products and case development of boundary clouds for modeling 
studies; evaluation of SCM/NWP/GCM/CRM/LES models; objective 
classification of weather and cloud regimes; development of new 
approaches for estimating cloud albedo, cloud fraction, and 
entrainment rates; parameterization analysis/development for 
microphysics, surface flux convection, entrainment-mixing, 
radiation, and process coupling.


CRITICAL CHALLENGES


 • Synthesize observations and models at multiple scales to best 
address the multiscale nature of fast physics in alignment with 
one of the Climate and Environmental Science Division (CESD) 


grand challenges: the scaling challenge.


• Optimize FASTER portfolio to develop an integrative multiscale 
model evaluation framework.


• Improve/develop parameterizations for microphysics including 
aerosol-cloud interactions, turbulence, convection, and 
radiation, with an emphasis on physics and filling in knowledge 
gaps in entrainment/mixing, subgrid variability/structure, 
process coupling, and compensating errors.
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Pacific Northwest National Laboratory (PNNL), in 
partnership with Oak Ridge National Laboratory (ORNL) 
and supported by the Department of Energy’s (DOE) 
Integrated Assessment Research Program, is developing 
a framework for regional integrated assessment and 
Earth system modeling, known as RIAM, and applying 
this framework to the Gulf Coast region of the United 
States—a region where climate impacts, land use 
changes, sea level rise, and energy supply issues are 
interacting to increase the vulnerability of the energy and 
agriculture sectors. 


The RIAM project links regional climate, hydrology, 
socioeconomics, energy infrastructure, coastal 
processes, and agriculture and land use models to 
investigate the multifaceted impacts of climate change, 
as well as potential adaptation and mitigation strategies 
being considered by regional stakeholders. The project is 
highlighting the vulnerability of regional energy systems 
to heat waves, droughts, coastal storm surges, and other 
extreme events, with an initial focus on climate change 
impacts on electricity supply and demand across the 
southeast. Another key goal is improving understanding 
of the benefits and challenges associated with integrated, 
multiscale modeling and the interdependencies among 
human and natural systems in the context of climate 
change.


CHALLENGES
The project will generate new insights into the following 
questions:
• How is climate change affecting the vulnerability of Gulf 


Coast energy infrastructure to the combined effects of 
storm surge, subsidence, and sea level rise? How does 
vulnerability change under different scenarios of future 
climate change and regional energy and land use 
planning?


• How will regional climate change, especially changes 
in the duration, frequency, and intensity of heat waves 
and droughts, affect building energy demand and the 
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at the state level, as well as offer more highly resolved 
representations of agricultural productivity and land 
management technologies. A regional Earth system 
model, driven by global boundary conditions provided by 
the Community Earth System Model (CESM), provides 
detailed, dynamically downscaled simulations of regional 
climate change under different scenarios of global climate 
forcing. These regional climate change scenarios are 
used to drive the other modeling components. 


For example, the high-resolution coastal storm surge 
model, which has been validated with historical hurricane 
data, simulates inland flooding for future hurricanes and 
can be coupled to a GIS-based model that relates storm 
surge height to impacts on specific energy infrastructure 
elements along the affected coastline. Likewise, regional 
climate is used to drive the detailed models of regional 
building energy demand and electricity operations at the 
utility zone scale to provide realistic assessments of 
increases in electricity demand during heat waves and 
decreases in electricity supply due to either high air 
temperatures or low water quantity or quality. Collectively, 
these unique modeling capabilities are yielding an 
unprecedented level of detail and insight into the 
interactions among changes in climate, energy, and water 
systems at regional scales and allowing the exploration 
of key issues facing regional stakeholders.


FUTURE WORK
The initial focus of the project on climate change impacts 
on electricity supply and demand across the Gulf Coast 
region currently is being extended to include additional 
climate forcing factors, such as stream temperature and 
river flooding, and additional infrastructure components, 
including oil and gas infrastructure. Additional emphasis 
on changes in agricultural productivity and the potential 
for increased regional biomass production also are 
planned. On a longer-term basis, these capabilities could 
be leveraged to evaluate different regional adaptation 
and mitigation strategies in an integrated, holistic context 
that includes both regional climate change and 
consistent changes in other natural and human systems, 
both in the Gulf Coast and other important regions.
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performance of thermal power plants? How will these 
changes influence regional grid reliability and electricity 
prices and what potential adaptation measures exist?


• What are the intrinsically regional characteristics and 
opportunities for mitigation and adaptation? Are there 
physical or economic constraints that make the 
implementation of, for example, different energy 
technologies or land use policies more difficult?


• What are the benefits, challenges, and implications of 
integrated modeling at regional scales? In particular, 
are there insights that cannot be gleaned from models 
that are less integrated or have coarser spatial or 
temporal resolution?


MAJOR COMPONENTS AND/OR THEMES
This project leverages PNNL’s Platform for Regional 
Integrated Modeling and Analysis (PRIMA) and also 
includes the development of new models and 
improvements to existing community models needed to 
resolve additional regional-scale processes and 
interactions. The primary integrating element of the 
framework is a regionalized version of the Global Change 
Assessment Model (GCAM), which has been extended 
and downscaled to represent energy supply and demand 


Earth’s climate system involves multiple physical processes over a 
wide range of space-time scales. Many key processes occur on 
scales smaller than climate model grid sizes and representation 
(parameterization) of the so-called fast physics—primarily 
cloud-related processes—a main source of uncertainty in climate 
models. Parameterizations pose daunting challenges in a variety of 
areas, ranging from observations to modeling, from understanding 
the processes to formulating effective parameterizations, from 
testing parameterizations to ultimately using them in climate 
models. The Earth System Modeling (ESM) Program of the U.S. 
Department of Energy’s Office of Science initiated the Fast-Physics 
System Testbed and Research (FASTER) project in 2009 to meet 
the challenges by forming a multi-institutional*, interdisciplinary 
team of complementary areas of expertise to develop an effective, 
integrated multiscale model evaluation framework that best 
capitalizes on the detailed, continuous, long-term measurements 
from the different climate regimes of the Atmospheric Radiation 
Measurement (ARM) climate research facility sites. 


THEMES AND OBJECTIVES


• Focus on the ARM sites with detailed, continuous, long-term 
measurements in different climatic regimes. 


• Construction of a fast physics testbed, a multiscale data 
assimilation system, and eventually a multiscale visualization and 
evaluation system (MVES) that permits rapid, efficient evaluation 
and diagnosis of various fast processes at multiple scales.


• Integrative evaluation by combining models of different types 
and scales (from cloud to global scales), in addition to multiple 
models of each type, to better address the multiscale nature of 
processes and process interactions. 


• Interactive utilization of targeted, idealized case studies as well 
as investigation of continuous, realistic, long-term observations.


• Strong integration of observations and models at multiple 
scales through use of multiscale data platform.


 • Direct participation of main U.S. climate modeling centers to 
facilitate/accelerate implementation and testing of 
new/improved fast physics parameterizations in climate models.


ACCOMPLISHMENTS


 • A fast-physics testbed has been constructed and the 
beta-version released for the registered users. The current 
testbed consists of two major complementary components that 
capitalize on the continually evolving cloud measurements at 
the ARM sites: a single-column model (SCM) testbed and a 


numerical weather prediction model (NWP) testbed. The 
SCM-NWP integration allows use of not only rich ARM 
measurements, but also a vast pool of NWP results.


• The community Weather Research and Forecasting (WRF) 
model has been reconfigured as a typical Cloud-Resolving 
Model (CRM) or Large Eddy Simulation (LES) driven by 
idealized or realistic ARM large-scale forcings (WRF-FASTER). 


WRF-FASTER has been tested extensively and will soon be 
released to the general public.


• A multiscale data assimilation system (FASTER-DA) has been 
developed by combining the JPL-muliscale-3DVAR system with 
the NCEP-Gridpoint Statistical Interpolation (GSI) system and 
implementing them in the community WRF model. The 
FASTER-DA can choose between WRF and WRF-Chem as the 
base model for different purposes.


• A web-based data visualization and analysis toolkit is being 
developed to fulfill the need for dynamic interactivity with large 
volumes of data at a range of scales. Future plans include 
collocated aircraft trajectories, multi-dimensional data 
visualization via parallel coordinates and dynamic scatter plots, 
and integration with the FASTER testbed.


FASTER investigators have also conducted scientific research and 
published numerous peer-reviewed publications in virtually all the 
eight project task areas, including examination of ARM data 
products and case development of boundary clouds for modeling 
studies; evaluation of SCM/NWP/GCM/CRM/LES models; objective 
classification of weather and cloud regimes; development of new 
approaches for estimating cloud albedo, cloud fraction, and 
entrainment rates; parameterization analysis/development for 
microphysics, surface flux convection, entrainment-mixing, 
radiation, and process coupling.


CRITICAL CHALLENGES


 • Synthesize observations and models at multiple scales to best 
address the multiscale nature of fast physics in alignment with 
one of the Climate and Environmental Science Division (CESD) 


grand challenges: the scaling challenge.


• Optimize FASTER portfolio to develop an integrative multiscale 
model evaluation framework.


• Improve/develop parameterizations for microphysics including 
aerosol-cloud interactions, turbulence, convection, and 
radiation, with an emphasis on physics and filling in knowledge 
gaps in entrainment/mixing, subgrid variability/structure, 
process coupling, and compensating errors.
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SCALING UP APPROACH 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


For more information visit: 
http://www.cereo.wsu.edu/fireearth/  


Upscaled-RHESSys: We will run 
regional-scale simulations using multiple 
climate scenarios to identify locations 
where conditions would be most likely to 
cause disastrous fire. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
RHESSys will then be used over a wider 
range of scenarios to identify actions that 
can be taken to reduce the likelihood of a 
fire becoming a disaster.  
 
 
 


MODELING FRAMEWORK 


BioEarth incorporates the ecohydrologic 
model RHESSys to simulate biophysical 
processes in watersheds. FireEarth will link 
the fire spread model (WMFire) that is 
embedded in RHESSys with models for 
fire severity and and the effects of fire on 
ecohydrologic processes. 
 


OVERVIEW 


We are developing a modeling framework, FireEarth, which expands the Biosphere-relevant Earth 
system model (BioEarth) to include fire, insect outbreaks, drought, and erosion. FireEarth will be 
used to simulate the effects of disturbances on hydrologic and biogeochemical cycles, and their 
interactions with economic, societal, and political processes. We will evaluate policy and decision-
making at local and regional scales, with an aim to reduce the risk of wildfire becoming a disaster. 


FireEarth: a modeling framework to reduce the risk  
of fire becoming a disaster in the Pacific Northwest 


WMFire 
 


Dynamic integration with RHESSys 
Fire–spread modeled as a function  of: 
•  Fuel load 
•  Fuel moisture 
•  Wind 
•  Topography 
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insect outbreak, 
drought & erosion 


Grows fuels 


Simulates fire-spread 
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Aim 4 ‐ Impact:
Stakeholder Engagement


Aim 3 – Test Innovation:
Technology and Institutions


Aim 2 ‐ Quantification:
Integrated Modeling


Aim 1 ‐ Problem 
Definition:
Theory
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Co‐Balancing 
Benefits 


Across F‐E‐W 
Systems


Innovation


OutcomesApproachInputs
Develop a framework that spans the continuum 
from theory (aim 1) to informing practice (aim 4) 
to understand F‐E‐W linkages, quantify innovative 
solutions across the F‐E‐W sectors, and engage 
stakeholders to remove barriers to the adoption 
of solutions and increase system‐wide resilience 
to global change.


 Insight gained from our NSF 
FEW workshop focused on the 
interplay between 
technological and institutional 
FEW solutions (Padowski et al. 
2014)


 Existing state‐of‐the science 
Earth system models focused 
on the nexus of water with 
food (BioEarth, Adam et al. 
2014) and Energy (PRIMA, 
Kraucunas et al. 2014)


 Extensive regional 
collaboration networks related 
to the FEW nexus (e.g., Allen 
et al. 20xx)


 Cool thing
 Another cool thing


Resilience metrics: 
economic, environmental, 
and social equity impacts


Overarching Objective: To co‐balance benefits and increase resilience across coupled F‐E‐W systems through 
coordinated management of F‐E‐W storage systems in concert with technological and institutional innovation.







SOLUTION SPACE


INCREASE FEW SYSTEM RESILIENCE


 Quantify secondary benefits and unintended consequences:  economic, ecologic and social
 Identify weak links and rate limitations within human impacted natural cycles and between 


FEW components that impair system resilience
 Test impacts of policies, practices, and technologies for FEW resilience
 Define and estimate sector specific, and cross‐sector metrics for performance, efficiency, 


and stress
 Scientific synthesis workshops to define “resilience” in FEW systems
 Stakeholder engagement to inform and enhance the feasibility of solution sets


FOOD


WATERENERGY


Linked FEW 
Cycles


KNOWN LINKAGES







Impact:
Stakeholder Engagement


Solutions:
Technology and Institutions


Quantification:
Integrated Modeling


Ideas:
Theory
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The CEREO Newsroom: a Resource for 
Communicating Research, Training Students, & 
Meeting NSF Broader Impacts Requirements


Wed., Feb 24, 2016 | 3-4 pm | PACCAR Clean Tech Bldg. , Room 135


Center for Environmental 
Research, Education and 
Outreach


Seminar Series
Spring 2016


Jason Williams, Civil & Environmental Engineering
Todd Norton, Murrow College of Communications
Lucrezia Paxson, Murrow College of Communications
Ryan Risenmay, Murrow College of Communications


This seminar will summarize opportunities available to WSU faculty and students through the


CEREO Newsroom. Founded in 2014 through a CEREO seed grant, the CEREO Newsroom pairs


undergraduate Murrow communications students with graduate students conducting


environmental research. Under the guidance of Murrow faculty, the student teams create


multimedia packages (videos and written articles) that address environmental problems and


the research graduate students are doing to help solve those problems. Several example


multimedia packages will be presented during the seminar. In contrast to other


communications resources available (WSU communications or self-promotion of research),


newsroom products are created by student teams and emphasize student training and


experiential learning.


Newsroom projects consequently are a unique
and compelling way to meet NSF broader
impacts or other similar grant requirements.
The Newsroom has the infrastructure and
expertise in place to support new projects,
including those associated with WSU
proposals currently in preparation for the
upcoming NSF Food-Energy-Water grant
deadline.
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Jennifer Adam jcadam@wsu.edu 1 1 1 1 1 1
Mingliang Liu mingliang.liu@wsu.edu 1 1 1 1 1


Julie Padowski julie.padowski@wsu.edu 1 1 1 1
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Liz Allen lizb.allen@wsu.edu 1 1 1 1 1 1
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Chad Kruger cekruger@wsu.edu 1 1 1 1 1 1
Serena Chung serena_chung@wsu.edu 1 1 1 1 1 1
Tsengel Nergui tsengel.nergui@wsu.edu 1 1 1 1 1 1


Will Forney william.forney@wsu.edu 1 1 1 1 1 1
Muhammad Barik mbarik@wsu.edu 1 1 1 1 1


Julian Reyes jjreyes@wsu.edu 1 1 1 1 1 1
Keyvan Malek keyvanmalek@gmail.co 1 1 1 1 1 1


Rushi Begum Rabeya begum.rushi@wsu.edu 1 1 1 1
Golam Arif Rabbani golam.rabbani@wsu.edu 1 1 1 1 1 1


Jan Boll j.boll@wsu.edu 1 1 1
Crystal Kolden ckolden@uidaho.edu 1 1 1
John Harrison john_harrison@wsu.edu 1 1 1 1 1 1
Maoyi Huang maoyi.huang@pnnl.gov 1 1 1 1 1
Sasha Richey sasha.richey@wsu.edu 1 1 1 1 1
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Yong Chen 1
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Melanie Thornton 1
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IGNITE TALKS (Unofficial Motto: “Enlighten us, but make it quick”) 


The All‐Hand Meeting this year will include invited Ignite talks from 11 speakers representing the 


spectrum of what the BioEarth project encompasses.  We would like each speaker will provide an 


overview of their research and publication goals using the Ignite Talk format (see below).  For questions, 


please contact either Jenny Adam (jcadam@wsu.edu) or Julie Padowski (julie.padowski@wsu.edu). 


Ignite Talk Format: 


1. Total talk time: 5 minutes 


2. Max slides allowed: 20 


3. Automatic slide advancement: slides change every 15s 


Required content for BioEarth: 


1. Overview of research‐ what makes your work interesting and insightful?  Why should anyone 


care about what you’re studying?  How does it fit into the larger BioEarth initiative? 


 


2. Information on current and recent publications‐ what are the major ideas and results for each 


effort, who are you working with on each, which journal are you submitting to? 


 


3. Deadlines‐ please submit your slides by 12pm on Wed February 24, 2016 to Julie Padowski 


(julie.padowski@wsu.edu) or you bring them on a flash drive to her office (PACCAR 256). 


Additional Information: 


There is a multitude of webpages that give advice on how to give a good Ignite talk, below is a link you 


can check out: 


 


http://userfirstweb.com/328/successful‐ignite‐presentations/ 


 


For examples of ignite talks, browse the latest videos at: http://www.ignitetalks.io/ 
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Spatial and Temporal Variation in 
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• Atmospheric N deposition has increased >3 times from the preindustrial 
level (Holland et al., 1999).


• Negative impacts: nutrient imbalance, losses of N‐sensitive plant species, 
invasion of non‐native species, soil and surface water acidifications 
(Galloway et al., 2008). 


• N deposition is interlinked with complex processes such as emission, 
transport, transformation, and surface interactions that vary spatially and 
temporally (Sutton et al., 2014).


• Inter‐annual variability plays  an important role in watershed 
biogeochemical processes in the western U.S. (Fenn et al., 2003)


• Site specific N deposition data is needed for determining input levels of N 
at which effects occur and to predict where impacts can be expected 
(Cummings et al., 2014).







Effects of Climate and Meteorology on 
Atmospheric Nitrogen Deposition


Tsengel Nergui, graduate student, Atmospheric Working Group, BioEarth
Dr. Serena H. Chung (Advisor) 
Dr. Brian K. Lamb
Dr. Raymond D. Evans
Dr. Jennifer C. Adam
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1. Relationship between climate variability and N wet deposition in the contiguous U.S.
2. Atmospheric N budget over the Pacific Northwest during the El Nino Southern Oscillation years 
3. Meteorological conditions that affect spatio-temporal  variability of N deposition in the western U.S.


Research topic:







Topic 1: Climate Variability & N Wet Deposition


Data and Method
• NINO3.4 SST index for 1979‐2012 from the NOAA/CPC
• Precipitation, NO3


‐, and NH4
+ wet deposition at 151 NADP sites


• Precipitation from the RISM Group


• Applied wavelet analysis to decompose time series into 
different temporal components


• Analyzed relationship between climate index and N wet 
deposition on a common temporal scale
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b) NINO3.4 – N wet deposition a) NINO3.4 – Precipitation


Correlations between NINO3.4, Precipitation, and 
N Wet Deposition


Wintertime  correlations (r) between the 2‐ to 6‐year band‐pass filtered time series


negative correlation
positive correlation







Wintertime N wet deposition & precipitation anomalies


b) La Nina wintersa) El Nino winters
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Wintertime N wet deposition rates (top row) and precipitation (bottom row) averaged 
over the (a) El Niño and (b) La Niña episodes2/24/2016 7:13 PM 5







Findings: Climate Variability and N Wet Deposition


• The correlations between NINO3.4 & precipitation and 
between NINO3.4 & N wet deposition were the highest and 
most  spatially extensive during winter, followed by spring.


• Identified regions where N wet deposition is sensitive to the 
inter‐annual climate variability caused by ENSO. 
– Regions modulated by ENSO:


• The Rocky Mountains
• The Great Lakes
• The Gulf states


– Regions where ENSO‐precipitation‐N wet deposition connections were 
not found:


• Pacific Northwest
• Northeast
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Synthesis of component specific empirical critical loads for US ecosystems (Pardo et al., 2011)
GAP Analysis Land Cover Classification
Mean Annual Total N Deposition Estimates (2006‐2008, EPA/WDTD)
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Ecoregions affected
by atmospheric N deposition


Biogeochemical responses
(N2O emissions, NO3 leaching, soil mineralization)


Species responses 
(tissue N increase, nutrient imbalance for lichen and diatoms)


Topic 2-3: Atmospheric N Fluxes in the Western U.S.







2/24/2016 7:13 PM 8


The WRF-MEGAN- SMOKE-CMAQ Modeling Framework


CMAQ, version 5.0.2
Anthropogenic emissions NEI2002


Biogenic emissions MEGAN, version 2.10


Fire emissions
BlueSky modeling 
framework with 
historical fire records


Boundary condition CAM‐Chem, version 3.5


Gas‐phase chemistry CB05 photochemical 
mechanism 


Aerosol module
Fifth‐generation of
CMAQ aerosol 
mechanism


Cloud module Asymmetric Convective 
Method (Pleim, 2007)


CMAQ configuration







An Atmospheric N Budget over the Pacific Northwest 


• Atmospheric N budgets in Washington, 
Oregon, and Idaho


• During the 1997/98 El Nino and the 
1998/99 La Nino years


CMAQ 12 x 12 km domain


WRF 12 x 12 km domain







Preliminary Results for the 1997/98 El Nino 


Jan 1998 May 1998


• In January 1998,  northwesterly and westerly winds dominated in 
the upper troposphere.


• In May 1998, winds varied from southwesterly to southeasterly. 


Monthly N Deposition Totals and Mean Wind Fields at ~300 mb







Seasonal N Budget in Washington, Oregon and Idaho


Spatially and seasonally integrated atmospheric N fluxes in the 1997/98 El Nino year
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Summary
• Total N emissions in the three states was ~357 Gg N in 1998, with 96% from 


human activities.
• A total of 257 Gg N/year was deposited in the region (summer 1997 to spring 


1998). 
• Dry deposition was dominant (>60% of the total deposition) for all seasons.
• Regional N deposition  was higher in warm seasons when upper level winds 


varied from southwesterly to northwesterly. 


Future work
• Total N emissions from the agricultural sector will be adjusted.
• Transport of N in and out of the region still needs to be quantified. 
• The simulation for the 1998/99 La Niña event is in progress. 


The study results provide a range of contributions of regional and imported N 
sources over the Pacific Northwest during a strong ENSO event.
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National Park Service, 2008
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Chen et al., 2008; Herron‐Thorpe et al., 2012


CMAQ Annual Total Inorganic Nitrogen (N) Deposition, 2008


Natural 
background
rate







N Deposition


Ecosystem N Storage
Soil+Plant


Snowpack N


Deposition as Pulse Event







Leached N


N Deposition


Ecosystem N Storage


N EmissionsSnowpack N


Deposition N Losses







What are the rates and sources of N deposition?


How does N deposition affect N storage and loss?


How will climate change affect ecosystem response?


Research Questions







Inorganic N Deposition Rates
Expected: 1 to 3 kg N ha‐1 yr‐1 (NADP, 2012)
Results:  3 to 4 kg N ha‐1 yr‐1


Snow N Deposition Rates







Snow N Deposition Forms


Inorganic N Deposition Forms
Expected:  Majority NO3


‐


Results:  ~60% Ammonium (NH4
+) 


~40% Nitrate (NO3
‐)


Inorganic N Deposition Rates
Expected: 1 to 3 kg N ha‐1 yr‐1 (NADP, 2012)
Results:  3 to 4 kg N ha‐1 yr‐1







Snow N Deposition Sources


Atmospheric 
Deposition


Microbial nitrification


Expected:  Snow NO3
‐ to reflect atmospheric sources


Results: Mix of atmospheric and microbial sources







Deposition Rates
Ambient (3.3 kg N ha‐1 yr‐1)
+3 kg N ha‐1 yr‐1
+5 kg N ha‐1 yr‐1
+10 kg N ha‐1 yr‐1


Plant N
Soil N


N Emissions
N Leaching


Measurements







Plant Uptake
5 kg N ha‐1 yr‐1


Total soil N 
6 kg N ha‐1 yr‐1


N Deposition
3 to 10 kg N ha‐1 yr‐1







N Leaching
4 kg N ha‐1 yr‐1


N Emissions
0.5 kg N ha‐1 yr‐1


N Deposition
3 to 10 kg N ha‐1 yr‐1







Field Measurements RHESSys Model


Climate Change Impacts







Summer Winter


Summer Winter


2014


2050







Plant Uptake
300% Total soil N 


No change


Temperature: 2oC
N Deposition: 5 kg N ha‐1 yr‐1







N Leaching
Winter: 100%


N Emissions
Winter: 200%


Temperature: 2oC
N Deposition: 5 kg N ha‐1 yr‐1







N Leaching
Summer: 80%


N Emissions
Summer: 50%


Temperature: 2oC
N Deposition: 5 kg N ha‐1 yr‐1







Conclusions


• Ambient N deposition may be greater than previously projected
o Further research needed to determine regional sources of NH4


+


• Ecosystem N losses strongly affected by N deposition
o Increased greenhouse gas production and watershed impairment at low 


deposition rates







Conclusions


• Ambient N deposition may be greater than previously projected
o Further research needed to determine regional sources of NH4


+


• Ecosystem N losses strongly affected by N deposition
o Increased greenhouse gas production and watershed impairment at low 


deposition rates


• Climate change can exacerbate ecosystem N loss 
o Decreased snowpack increases winter leaching and emissions


• Resource managers need to adapt to prepare for combined impacts 
of climate change and N deposition







Julian Reyes
Washington State University


Characterizing rangeland 
ecosystems and supporting 
sustainable management under a 
changing climate







What are rangelands? 


Vegetation: Presence of grasses, grass-like species, 
forbs, or shrubs 
Low abundance of woody vegetation


Climate: Mostly semi-arid to arid
Land use: Mostly managed


Management continuum


Livestock grazing
Fencing
Supplemental feeding


Brush/weed management
Wildlife management


None, extensive
Natural grasslands


Frequent, intensive







Why are rangelands important?


Ecological services
Habitat
Forage
Carbon storage


http://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum
=6463







Why are rangelands important?


Agricultural
Protein products


Social/cultural 
Recreation
Vistas







Overarching objectives


1) Understand coupled interactions 
among water, carbon, and 
nitrogen in rangelands; and


2) Assess rangelands’ response to 
coupled changes in 
management and climate


>> to inform sustainable rangeland 
management


http://www.nsf.gov/pubs/20
07/nsf07598/nsf07598.htm











RHESSys


Regional Hydro-Ecologic 
Simulation System











How do we allocate carbon between 
above and belowground plant 
compartments?







How do we allocate carbon between 
above and belowground plant 
compartments?







 Evaluation of the three 
allocation strategies used in 
RHESSys: HYBRID, GROWTH-
BASED, and RESOURCE-
LIMITED.


 We evaluated on 
aboveground biomass, 
belowground biomass, and 
the root/shoot ratio 
separately







 Under historical 
climate there are 
distinct differences in 
parameter 
importance between 
C3/C4 sites, as well as 
for output variables 
(i.e. LEAFC, FROOTC).







 High parameter 
importance for 
parameters that 
govern allocation 
function (HYB_PA, 
HYB_PB).


 Turnover and cycling 
of nutrients is 
important even under 
climatic changes.







 Parameter 
importance under 
changes in CO2 and 
temperature


 Non-monotonic shifts 
in importance for 
TxCO2 vs monotonic 
and linear







What grazing management principles are 
most effective in sustaining rangeland 
ecosystem function under climate 
variability? 


Decision variables
 Grazing intensity
 Stocking date (start date)
 Destocking date (end date)


Independent (climatic) variables
 Precipitation
 Temperature
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Can more rainfall 
buffer the effects 
of grazing?


Depends.
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Grazing cattle







“Multi-scaled investigations of 
nutrient dynamics, water quality and 


quantity in the Pacific Northwest”


William M. Forney and Dr. John A. Harrison


Ignite Talk
Washington State University, Pullman


Feb. 25, 2016







The general importance of good water quality 
in the Columbia River Basin


• Economic value and ecosystem good and services
– Clean surface water and groundwater
– Suitable drinking water for private and public water 
supply


– Viable commercial fisheries
– Ecological niches for salmon, wildlife and aquatic 
habitat


– Quality recreation opportunities and aesthetics
– Human well‐being and public health


2


Compton et. al., Ecology Letters, 2011; 
Keeler et al., PNAS, 2012


http://www.moore.org/grants/list/GBMF670







Publications
Drs. Harrison, Compton, Adams, Moffett


Grad. Students: V. Rose, R. Norton
• Columbia River Basin Nitrogen budget inputs and improved conceptualization 


and application of regional Nutrient Export from WaterSheds‐Dissolved 
Inorganic Nitrogen model.


• Using remote sensing products to understand water balances, nutrient 
dynamics, and Redfield‐Brzezinksi ratios in two contrasting western rivers.


• Predictions of dissolved N, P and Si concentrations and loads, understanding 
their hydrologic and land use controlling factors, and testing theories such as the 
river continuum concept.


• Network streamflows, distribution systems, and nutrient dynamics of aquatic 
system components: expansion of theories such as the serial discontinuity 
concept and the field of riparian landscape ecology. 


• Land use, lake morphometry, and water quality as predictors for the occurrence 
of cyanobacterial blooms in Pacific Northwest lakes


3
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Using remote 
sensing products 


to understand 
water balances, 


nutrient dynamics, 
and Redfield-


Brzezinksi ratios 
in two


contrasting 
western rivers
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Predictions of dissolved N, 
P and Si, understanding 
their hydrologic and land 
use controlling factors, 
and testing theories such 
as the river continuum 
concept.


Agricultural lands


Developed lands


Poor draining soils


Temperature, min Temperature, max Precipitation
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Network streamflows, 
distribution systems, and 
nutrient dynamics of aquatic 
system components: 
expansion of theory such as 
the serial discontinuity 
concept and the field of 
riparian landscape ecology. 


Ward and 
Stanford, 1983







Land use, lake 
morphometry, 
and water 
quality as 
predictors for 
the occurrence 
of 
cyanobacterial 
blooms in 
Pacific 
Northwest lakes
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Variable Estimate Std. Error z value Pr(>|z|)   


(Intercept)          ‐2.262184         0.919478         ‐2.460            0.01388 *


Drainage area (km2)        0.006306 0.002426          2.599 0.00934 **


DIP load (kg/km2/yr) 0.053812 0.031613 1.702            0.08871 .


Grassland.Herbaceous (%) ‐61.370266 33.359740        ‐1.840 0.06582 .


Woody.Wetlands (%) 75.583887     30.796118 2.454            0.01411 *







Integration with BioEarth


• VIC modeling (RHESSys?)
• Regional N Budget (John et al.)
• Scenarios?
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Integration with BioEarth...?
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• Flow and N 
passing 
through 
wetlands


• Uptake and 
denitrification 
zones


Wetlands of WA, ID, OR of the CRB







Impacts of wildfire 
aerosols on crop growth


Quentin Baret
WASHINGTON STATE UNIVERSITY







I. Introduction


• Wildfires in the western U.S. 
release a significant amount
of aerosols into the 
atmosphere


• Critical phenomenon to study
as the area burned by fires is
expected to double by 2040s 
[1] 


• Wildfires can last for several
weeks and affect air quality, 
visibility, radiation,  and 
potentially crop growth


Source: NASA’s Terra satellite on Thursday, July 17, 
2014[1] Littell et al (2009)
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II. Radiative transfer
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II. Radiative transfer







III. Satellite data from MODIS


Source: NESDIS NOAA website 
http://www.star.nesdis.noaa.gov/smcd/spb/aq/index.php?plot_year=2015&plot_month=08&plot_day=23&plot_gmt=1215&product_gmt=2015&plot_type=
mod_Region&region=10&product_date=20120801&product_id=1&goto_date=Go







III. Satellite data from MODIS


Source: NESDIS NOAA website 
http://www.star.nesdis.noaa.gov/smcd/spb/aq/index.php?plot_year=2015&plot_month=08&plot_day=23&plot_gmt=1215&product_gmt=2015&plot_type=
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IV. Results from RRTM for Pullman


• Up to 40% 
decrease in the 
total radiation 
due to scattering  
and absorption 
by aerosols


• Increase in the 
diffuse fraction 
due to scattering 
(diffusion of the 
radiation)


Downwelling solar radiation at the surface 
(both diffuse and direct) as a function of 
aerosol optical depth (AOD). The solar zenith 
angle simulated was 60°
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V. Scenarios for crop model


• 4 scenarios for the year 2015 during the months 
June, July and August:


• No aerosol (for the entire year)
• Low and constant aerosol load with AOD of 0.33 at 550 
nm 


• Moderate and constant aerosol load with AOD of 0.67 at 
550 nm


• High and constant aerosol load with AOD of 1.0 at 550 
nm
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V. Scenarios for crop model
Direct Radiation (W/m²) in Pullman for the month of July in 2015







V. Scenarios for crop model
Diffuse Radiation (W/m²) in Pullman for the month of July in 2015
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VI. Work in progress


• Leaf model from Dr. Stöckle to be used and maybe 
CropSyst in the coming weeks


• Sensitivity study
• Changing the timing of wildfire aerosols (month by 
month)


• Possibility in different effects related to the growing 
stage of the crop (wheat)


• Realistic scenario
• Integration of the realistic aerosol parameters for 2015
• Showing realistic and current impacts on wheat
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 Goal for end of BioEarth
◦ Integrated hydrology-economics model
◦ VIC-CropSyst provides
 Location specific crop growth functions
 Hydrology integrated with water rights to model water 


availability 
◦ Accurate representation of how ag production will 


vary with changing yield potential, drought, and 
external markets. 







 Work the past year has focused on finishing 
crop water yield curves.  


 Yield Curves - key component of the 
integrated hydrology-economic model
◦ allow deficit irrigation to be a management choice. 
◦ process for spatial aggregation from VIC-CropSyst


to Economics.  







 Spring, 2016: Finalize yield curve fitting
 Summer, 2016: Finalize CRB/Ag economic 


model without connections to economy 
outside of CRB/Ag.


 Fall, 2016: Build capacity to embed CRB/Ag 
economic model in larger scale multi-region 
or global economic models of ag production.  
◦ USDA-ERS FARM Model
◦ IFPRI Models
◦ GTAP Models







 y-axis: production/acre
 x-axis: irrigation intensity
 Challenge to get downward sloping portion of 


curve with VIC-CropSyst output.  
 Solution: generate mirror image of yield at 


points above maximum potential yield. 
 Polynomial degree:
◦ Tradeoff between fit and ease in finding solutions 


in the model.  







 Each data set of yield points.
◦ Pool over years
◦ Pool over space (Irrigation district or WRIA)


 Permits representing larger areas as single 
production entities in economic model.  
◦ Typically based on the spatial extent of water 


constraint. 











 Title: “Minimizing bias in representations of 
crop production in integrated hyrdology-
economic models” 


 Authors: Rajagopalan, Baddruozza, Brady, 
Adam,...







 Title: “Comparative Analysis of Watershed 
versus AEZ Approach to Spatial Aggregation 
in Climate Change Models of Agriculture”


 Authors: Long list 







 Title: “Climate Change Mitigation Potential of 
Alternative Farm-Level Adaptation Strategies”


 Authors: Long list







Modeling Agriculture Ecosystems In the Regional 
Earth System Modeling Framework: 
From Field Practice, Regional Management, to Global 
Assessment


Mingliang Liu


Feb. 25, 2016
BioEarth All‐hand Meeting ‐ Ignite Talk







A model is a description of a system. 
…they provide us with a means to visualize “the big picture”… models provide a 
vehicle for an enhanced understanding of how the environment works as a unit. 
‐ Steven C. Chapra











The challenge 
– FAO High‐level Expert Forum, Rome 12‐13, 2009


Agriculture in the 21st century faces multiple 
challenges: it has to produce more food and 
fibre to feed a growing population with a 
smaller rural labour force, more feedstocks for 
a potentially huge bioenergy market, contribute 
to overall development in the many agriculture‐
dependent developing countries, adopt more 
efficient and sustainable production methods 
and adapt to climate change. 







http://ensia.com/voices/2014‐the‐year‐of‐family‐farming/


http://whyfiles.org/131fresh_water/2.htmlhttp://www.dropbydrop.eu/en/mimicking‐nature‐integrate‐your‐home‐hydrological‐cycle_36390
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6http://www.agmip.org/


The Agricultural Model Intercomparison and Improvement Project (AgMIP) is 
a major international collaborative effort to assess the state of global 
agricultural modeling and to understand climate impacts on the agricultural 
sector.
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Liu et al., 2013, WRR


Tian et al., 2015, GBC
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Liu et al., 2014, Biogeosciences


Adam et al., 2014, Climatic Change







Input: climate, managements, biophysical condition
Output: crop yield, water yield, water & N use efficiency, N leaching, soil 
erosion, irrigation water demand


VIC‐CropSyst


CropSyst


Et


Yield


C & N


CO2
N2O


1. CropSyst
handles 
biogeochemical 
processes;
2. VIC handles 
hydrological and 
energy balance.
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Soil Parameters 
Cropping system


•Transpiration
•Irrig, Demand
•LAI
•SOM
•Soil texture


•Irrigation water
•Soil Parameters
•Rotation types
•T, PPT, Solar radiation 
Soil Moisture


•Management 
events


VIC


Interfacing with the 
complete CropSyst
model rather than 
components
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http://www.ourveggiegarden.com/AnPlanRotation.html


 Increases organic matter in the soil
 Improves soil structure
 Reduces soil degradation
 Control weeds and diseases
 Limit insect and other pest infestations 
 Increasing fertility and reducing the need 


for synthetic fertilizers
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WHAT IS TILLAGE
 THE PHYSICAL MANIPULATION OF
THE SOIL FOR THE PURPOSES OF:
 Management of previous crop residues
 Control of competing vegetation
 Incorporation of amendments
 Preparation of a seedbed
 Recreation for folks who don’t fish or golf


Marlon Winger ‐ NRCS
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SOIL PROPERTIES AFFECTED
BY TILLAGE
� Crop residue cover
� Soil test measurements
� Nutrient availability
� Structure and aggregate stability
� Water relationships
� Temperature
� Strength







Organic 
N
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Residues


N Inorg. Fertilizer


N Org. Fertilizer
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denitrification


nitrification
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Crop


NH3 N2O


leaching


Ground Water
NH4


+, NO3
‐


Leaching
through runoff


Streams
Sediment, 
NH4


+, NO3
‐


Nitrogen Cycling in CropSyst Model (Courtesy of Stöckle et al.) 


Root Zone
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MicroBasin
Fidel Maureira, Claudio Stöckle, Mingliang Liu, Roger Nelson, 
Erin Brooks & Rolf Sommer







(http://www.oc.nps.edu/NAME/RASM.htm)


VIC‐
CropSyst


Replace


The coupler controls the execution and time 
evolution of the complete system by 
synchronizing and controlling the flow of data 
between the various components. It also 
communicates interfacial states and fluxes 
between the various component models while 
ensuring the conservation of fluxed 
quantities.


The coupler also has functionality to carry out 
flux calculations, mapping (regridding), 
diagnostics, and other calculations ‐‐ this type 
of functionality can be run on a subset of the 
total processors.
http://www.cesm.ucar.edu/models/cesm1.2/
cpl7/







Overarching Questions


• How agricultural managements could affect 
crop yields, carbon storage, GHG gas 
emissions, and water and nitrogen use 
efficiencies under various climate change 
scenarios;


• How agricultural ecosystems feedback to 
regional climate system through ET, changes in 
land cover type and seasonality, and gas 
emissions.







Appropriate responses to climate to ensure 
sustainable agricultural productivity 


Keyvan Malek (PhD student)


Advisors: 
Claudio Stockle, 
Jennifer Adam







Climate Change Impacts agriculture


• Elevated CO2
• Higher Temperature
• Water Availability
• Frequency of Extreme 


• Farmers make decisions to reduce negative 
impacts of climate change







Adaptation to Climate Change


Adaptation strategy
1 Crop related adaptation strategies


i‐ cropping pattern
ii‐ Cropping acreage and location of cropping activities


iii‐ Timing of planting and harvesting date
iv‐ using new variety of the same crop


2 Long term strategic water management adaptations
i‐ Switching to New Irrigation Systems


3 Seasonal adaptations to respond to temporal availability of water
i‐ Deficit irrigation magnitude


ii‐ Deficit irrigation timing in a season
4 Short term adaptations to minimize the impacts of heat stress


i‐ Supplementary/over irrigation
ii‐ Irrigation frequency 
iii‐ Irrigation intensity 







Downstream Consequences of 
Adaptation


• Hydrologic cycle 
• Return flow
• Change the timing of river flow


• Fluxes of water and energy to/from the 
atmosphere


 Changes in water availability and climatic 
conditions can exacerbate the impacts of 
climate change







Objectives


1. Lack of an appropriate simulation tool
2. Climate change impacts on adaptation 


decisions
3. Downstream consequences 







Yakima River Basin (YRB)


 Some facts about YRB:
 Area: 16000 square km (476 
*33 Km^2 gridcells)


 Average Precipitation: 686 
mm / yr


 Has been ranked 1st county 
in many agricultural products 
in Washington State and US


 10% of employments directly 
in agriculture (USBR, 2002)


 Income from irrigated crops: 
$1.3 B (USDA, 2007)







Economic incentives of adaptation to 
climate change


Uncertainty in 
climate


Impacts of 
climate on water 


resources Impacts of 
climate change on 


agriculture


Water resource 
management Cost and benefits


Simulation 
tool


Land Atmospheric 
Interactions







Hydrology and Crop System Models: 
VIC‐CropSyst


VIC
Hydrology


Liang et al, 1994 and Elsner et al, 2010 


CropSyst
Cropping Systems
Stockle and Nelson 1994  







VIC‐CropSyst







Simulation of Irrigation System Losses


Es







Yakima‐RiverWare







Agricultural Spatial Economic Analysis 
Model (ASEAM)


‐Model is Written in R
‐ It can be implemented for other adaptation decisions 







Modeling Platform: Agricultural Spatial 
Economic Analysis Model (ASEAM)







Results 







Percentage of Farmers in Each Gridcell
Switching to New Irrigation Systems


Year %
1980 25
1990 42
2000 37
2030 43
2040 50
2050 48
2060 50
2070 48
2080 51







Different Climatic Conditions 







Yield Responses to water availability and 
deficit irrigation







THANKS!







Kirti Rajagopalan
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Crop Actual 
Yields


Elevated 
CO2 levels


Indirect 
Effects







Water 
Availability


Irrigation 
Demands


Climate Change
(Temperature / 
Precipitation)


Crop Potential 
Yields


Crop Actual 
Yields


Elevated 
CO2 levels


Motivation







Motivation
Yield potential response to various factors can be 
non‐linear, non‐monotonic, competing, crop specific 
with regional differences. 
The net response is unknown.
Potential for change in sign of response over 
time.


Implications for adaptation alternatives







What are the direct impacts of climate change on 
crop yields and irrigation demands in the 2030s 
for the Columbia River basin?


Target Journal: Water Resources Research


Research Question 1







What are the indirect impacts of climate change 
on crop yields in the 2030s for the Columbia River 
basin?


Target Journal: Water Resources Research


Research Question 2







How does the net response of climate change on 
crop yields evolve over time?
‐‐Evaluate planting dates and crop varieties as 
adaptation alternatives.


Target Journal: Water Resources Research


Research Question 3
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Changes in irrigation demand (%)
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Changes in irrigated crop yields (%)
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Changes in dryland crop yields (%)







Potatoes


Alfalfa


Changes in irrigated crop yields (%)







• Although frequency of curtailments are higher in the future, 
impacts on yields due to curtailment are not.


Yield reductions through changes in water 
availability







Changes in net response over time







Both positive and negative effects of climate 
change on agriculture in region
Crop and region specific differences. 


‐Important to consider spatially explicit cropland 
data in understanding regional effects.


Adaptation Considerations


Summary







Wicked	problems	require		
interdisciplinary	collabora0on	
	
	
	
	
	
Support	decisions	based	on	best	available	
science	&	considera7on	of	unintended	
consequences	







1. best	prac7ces		
2. metrics	for	assessment	
	







“Not	rocket	science”	
But	it	does	take	7me,		
communica7on	skills		
and	inten7onal		
planning		







Who	are	decision-makers?	
	Poten7al	for	decision-makers	to	learn	from	
models?	







-	Neil	De	Grasse	Tyson	







Overarching	goal:	
Capture	and	synthesize	what	each	of	us	
learned	about	interdisciplinary	modeling	
and	stakeholder	engagement	







How	has	our	work	been	informed	by	
stakeholders’	ques0ons?		







What	outputs	are	we	genera0ng	that		
decision-makers	will	be	interested	in?		







Improve	efficiency	and	quality	of	collabora0on	
with	non-academic	stakeholders	







Opportuni0es	to	improve		
interdisciplinary	collabora0on?	







Iden0fy	strategies	for	all	of	us	to	develop	our	
boundary-spanning	skills	







Social	science		
research	exper0se	


*	
Communica0on		


skills	
*	


Extension		
experience	











Publica0on	1:	Researchers’	percep0ons	
Allen,	E.,	Kruger,	C.E.,	Leung,	F.Y.,	Stephens,	J.C.	(2013).	Diverse	
Percep0ons	of	Stakeholder	Engagement	Within	an	
Environmental	Modeling	Research	Team.	Journal	of	
Environmental	Studies	and	Sciences,	3(3),	343-356.	







Publica0on	2:	
Environmental	Modeling	Factsheet	
Allen,	E.,	Yorgey,	G.,	Rajagopalan,	K.,	Kruger,	C.	(2015).	Modeling	
Environmental	Change:	A	guide	to	understanding	results	from	
models	that	explore	impacts	of	climate	change	on	regional	
environmental	systems.	WSU	Extension	Publica8on.	







Publica0on	3:	
Workshop	summary	
reports		
Allen,	E.,	Kruger,	C.,	Yorgey,	G.,	
Stephens,	J.,	Harrison,	J.,	Forney,	
W,	Saari,	B.,	Leung,	F.Y.	(2013,	
2014,	2015).	BioEarth	
Stakeholder	Advisory	
Workshops	Synthesis	Reports.	
Washington	State	University.	


2015 Water Quality Stakeholder Workshop Synthesis Report 


  On March 12, 2015 the BioEarth project’s communication and extension 
working group convened a stakeholder advisory workshop focused on water 
quality issues in the Pacific Northwest in order to build understanding among 
research team members of how the BioEarth integrated earth systems model 
might produce outputs that are relevant to the needs of decision-makers and other 
researchers concerned with intersections between water quality and regional 
environmental change. The workshop, held in Vancouver, WA brought together 
20 stakeholders and 8 BioEarth researchers.  This was the 6th and final workshop 
in a series of issue-based stakeholder meetings designed as a step toward greater 
information sharing and collaboration among university-based environmental 
modelers and stakeholders who can provide guidance and feedback to the 
modeling team and potentially use model results. 


Contents: 
 
I. Stakeholders 
represented at the 
workshop 
 
II. Dominant regional 
issues of concern 
 
III. Information that 
could improve decision-
making 
 
IV. Recommendations 
about storyline and 
scenario development 
 
V. Reflections on 
communication 
 
Appendix: Proposed 
regional storylines 


!The workshop was designed to address three key objectives: 


1. To understand current and future concerns about regional water quality 
(environmental, health, economic, resource availability, other problems) 


2. To understand stakeholders’ perspectives on decision making and what 
constitutes useable information 


3. To guide the scenarios and issues the research team addresses in model 
development and application 


!


Citation: Allen, E., W. Forney, Harrison, J., C. Kruger, B. Saari, J. Stephens & G. Yorgey. (2015). 
BioEarth Water Quality Stakeholder Advisory Workshop Synthesis Report. Washington State University. 


Groups not represented at the stakeholder workshop, but recommended for future inclusion by attending 
stakeholders: USDA Natural Resources Conservation Service and Agricultural Research Service, tribal governments 
including water quality specialists from the Klamath Tribe, EPA Office of Environmental Assessment, private forest 
products and farming industry representatives, land owners, public water supply municipalities and other academic 
partners working on related water quality issues. 


I. Stakeholders represented at the workshops 
Of the 105 individuals invited, 20 stakeholders were able to attend the workshop.  
Invited stakeholders consisted of government agencies, non-governmental 
organizations, research institutions and industry groups. 
Federal Government Agencies: Environmental Protection Agency, Oak Ridge 
 Institute for Science and Education, US Geological Survey 
Tribal Government Representative: Columbia River Inter-Tribal Fish 
 Commission 
State Government Agencies: Oregon Department of Environmental Quality, 
 Oregon Department of Agriculture, Washington State Department of 
 Agriculture, Washington Ecology 
Local Government Agencies: County Conservation Districts, Clean Water 
 Services 
Non-Governmental Organizations: Wild Fish Conservancy, Willamette 
 Partnership, Lower Columbia River Estuary Partnership, Freshwater 
 Trust 
Industry, Environmental Consulting: Stillwater Sciences  







Publica0on	4:	Usable	climate	science	value	chain	
Allen,	E.	and	J.C.	Stephens.	(2015).	Enhancing	Usability	of	
Climate	Informa0on	and	Models	through	Stakeholder	
Engagement,	in	Informa8on,	Models,	and	Sustainability:	Policy	
Informa8cs	in	the	Age	of	Big	Data	and	Open	Government	Public	
Administra8on	and	Informa8on	Technology.	(PAIT)	Book	Series.	
Editors:	Jing	Zhang,	Luis	Luna-Reyes,	Theresa	A.	Pardo,	Djoko	
Sigit	Sayogo.	







Publica0on	5:	Northwest	resource	managers’	
informa0on	needs	
Allen,	E.,	Stephens,	J.C.,	Yorgey,	G.,	Kruger,	C.,	Ahamed,	S.,	
Adam,	J.C.	(in	review	in	Environmental	Management).	Climate	
science	informa0on	needs	among	Northwest	U.S.	natural	
resource	decision-makers.	
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Timescale	of	analysis		


Useful	0mescales	for	analyzing	impacts	of	management	prac0ces	
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Future	publica0on:	
Lessons	learned	and	evolving	percep7ons	







Future	publica0on:	
Comparison	of	approaches	in	
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N Dynamics in the Pacific NW:
Insights from an integrated Earth system modeling approach







Why write this paper?


• Regional N budgets useful tools for gaining basic scientific 
understanding and management‐relevant insight


• Have been carried out for many other systems, but not yet for the 
PNW


• N budgeting efforts rarely (if ever) linked to Earth System modeling 
efforts


• Provides framework to highlight collaborative nature of effort and 
novel insights that can be gained from a BioEarth‐like approach







Study domain(s)







Domain (and resolution) for following several slides:
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N Outputs or Losses (Gg/yr)
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Putting Pieces Together


Internal Cycling: >>600 Gg N/yr
(BUT…haven’t included any uptake 
by natural Ecosystems yet)


• Inputs and losses roughly in balance at regional scale (astoundingly!)


Total Annual N Outputs: 
~1000‐1400 Gg N/yr


Total Annual N Inputs: 
~1100 Gg N/yr
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N Stocks


How much N is in Soils? Sediments? Biomass?


Is this something that RHESSys can help with?
Very rough estimate of soil N = 1,096,658 Gg N in CRB
Very rough estimate of veg N (assuming molar C:N = 50:1) = 35,958 Gg N in CRB
Net mineralization rate 10‐120 kg N/km2/yr, scaled up this is ~730‐8800 Gg N/year, so 
probably greater than inputs or outputs







Putting Pieces Together


Internal Cycling: 1000s of Gg N/yr
When Soil N cycling is Included


• Inputs and outputs small in comparison to soil and vegetation stocks
• When soil N transformations are considered, internal cycling much 
greater than inputs or outputs


Total Annual N Outputs: 
~1000‐1400 Gg N/yr


Total Annual N Inputs: 
~1100 Gg N/yr







The future…







Big Fluxes


• Inputs
• Synthetic Fertilizer
• Natural N Fixation


• Losses
• Denitrification (especially in soils, but lots of uncertainty here)


• Recycling
• Harvest and export big and uncertain whether it is mostly a loss or mostly 
recycled locally at this point


• Haven’t yet included what are likely the dominant pathways for N (re)cycling 
in the region (e.g. uptake and remineralization by natural ecosystems)







How Bio Earth could enhance this analysis
(the path forward)
• Fill in holes/missing pieces
• More detail on fluxes
• Higher spatial resolution
• Higher temporal resolution
• Interactions between different sectors/systems???







Missing Pieces?


• Soil, sediment, and biomass stocks
• Industrial sources and sinks
• Crop and animal export via trade—how much of the harvested N is 
recycled locally?







Figure 2. Atmospheric nitrogen budgets over the Columbia River Basin in 1998. Total N emissions of 357.4 Gg 
N/year is based on anthropogenic emissions from the 2002 National Emission Inventory, the MEGAN biogenic 
emission model, and the BlueSky modeling framework in combination with historical fire records. Total N 
deposition (256.9 Gg N/year) and net total N transport  (99.7 Gg N/year) are based on the WRF‐MEGAN‐
SMOKE‐CMAQ simulations from Oct. 1997 to Sep. 1998. Considered N species are NO, NO2, NH3, HNO3, N2O5, 
HONO, PAN,  ANO3, ANH4, and organic nitrate. Units are in Gg N/year.


Bio Earth output and Atmospheric Deposition in the 
Columbia River Basin


Using Bio Earth to fill gaps and develop finer‐grained understanding of N cycling 







County‐level Fertilizer 
Consumption 
(1945‐2001)


Using Bio Earth to gain understanding at higher spatial resolution







NEWS‐DIN‐CRB Estimates of Sub‐basin DIN 
yield (kg N/km2/yr)







Using Bio Earth to gain understanding at 
higher temporal resolution
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• 20 to 30‐fold difference in N transport between seasons at mouth of Columbia River







Use Bio Earth to gain understanding at higher 
temporal resolution
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N Emissions and Deposition by Source and Type in 
the Columbia River Basin (1997‐1998)







22







Use Bio Earth to demonstrate novel couplings 
between systems (potentially most compelling)…
• This seems like our central challenge
• How do we do this with respect to the regional N budget?
• Choose an example of an interaction/lever we think is a big deal for 
the N cycle that has a critical coupling mechanism that is missing from 
current analyses, but that we have the data and tools to address—
and see how it scales up


• Use this case study as a “capstone” (or counterpoint) to the coarse‐
scale analysis







A few thoughts


• N dep is an important input to natural ecosystems and we have detailed model results 
for N dep—how do we highlight that?—what is the relative role of managed vs natural 
ecosystems in the N budget?


• How much of the fertilizer is produced within the domain vs imported into the domain?
• Some (not all) of anthrogenic emissions may be deposited within a relatively short 
distance downwind such that there may be hotspots in the N budget within the domain 
that aren’t totally reflected in the larger N budget or perhaps they dominate the larger 
budget? Similar to hotspots in N2O emissions, a few hotspots may account for a 
disportionate part of the N cycling.  I don’t know if this is true or important.  


• As input to the atmospheric modeling, we have inputs from Asia and we will be able to 
document that.  How much of a role in our regional budget do outside sources play? I 
suppose this also applies to the fertilizer question above. 


• We can add slides from Tsengel on the monthly (high time resolution) atmospheric 
emissions and deposition (wet and dry) as examples of BioEarth outputs. 











Composite Canadian N Budget
Clair et al.,2014







Clair et a., 2014
Canadian N Budget Components















Things we can (and should) do better??


• Get the big fluxes as right as possible
• Denitrification‐Perhaps VIC Cropsyst can help here?
• Crop Harvest
• Export vs. internal recycling
• N cycling in natural systems
• Natural Biological N Fixation







Red Alder Distribution in PNW







Crop Biological N Fixation in 2009


(Sobota et al., In prep.)







Crop Biological N fixation in US


(Sobota et al., In prep.)







Figure 1. Atmospheric nitrogen budgets over the Pacific Northwest in 1998. Total N emissions of 357.4 Gg
N/year is based on anthropogenic emissions from the 2002 National Emission Inventory, the MEGAN biogenic 
emission model, and the BlueSky modeling framework in combination with historical fire records. Total N 
deposition (256.9 Gg N/year) and net total N transport  (99.7 Gg N/year) are based on the WRF‐MEGAN‐
SMOKE‐CMAQ simulations from Oct. 1997 to Sep. 1998. Considered N species are NO, NO2, NH3, HNO3, N2O5, 
HONO, PAN,  ANO3, ANH4, and organic nitrate. Units are in Gg N/year.
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N Emissions by Source Type in the three  states (WA, OR, ID)
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N Deposition in the three  states (WA, OR, ID)
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Figure 1. Atmospheric nitrogen budgets over the Pacific Northwest in 1998. Total N emissions of 357.4 Gg
N/year is based on anthropogenic emissions from the 2002 National Emission Inventory, the MEGAN biogenic 
emission model, and the BlueSky modeling framework in combination with historical fire records. Total N 
deposition (256.9 Gg N/year) and net total N transport  (99.7 Gg N/year) are based on the WRF-MEGAN-
SMOKE-CMAQ simulations from Oct. 1997 to Sep. 1998. Considered N species are NO, NO2, NH3, HNO3, N2O5, 
HONO, PAN,  ANO3, ANH4, and organic nitrate. Units are in Gg N/year.


Domain 1: Three States
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N Emissions by Source Type in the Columbia River Basin
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N Deposition in the Columbia River Basin
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Figure 2. Same as Figure 1, but for the Columbia River Basin


Domain 2: Columbia River Basin
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Presenter

Presentation Notes

N species from MEGAN outputs are NO and NH3. NH3 emissions from the MEGAN model were zero for both regions. Here, NO-N emissions are shown for each region. Unit is Gg N/mo. 
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Preliminary Results: atmospheric N fluxes


Year 1997
Month 6 7 8 9 10 11 12
N Emission by sources, Mg N/month


Transportation 9203.7 9274.8 9504.2 8975.4 9262.1 8868.2 9011.4
Electric generation 2216.6 2291.1 2291.1 2202.2 2276.1 2201.1 2215.5
Industry 7827.8 7879.0 7880.1 6967.8 7197.8 6876.0 6795.1
Agriculture 12715.6 14702.4 16976.8 16293.4 9680.8 5237.2 2298.2
Fire 151.8 100.0 236.6 325.0 746.3 247.1 72.5
Biogenic 680.6 1130.0 1101.5 562.0 167.1 75.5 33.2
Total 32796.2 35377.3 37990.2 35325.8 29330.1 23505.1 20425.8


N Deposition, Mg N/month
Wet inorg. oxN 4084.94 3207.80 2727.42 3629.99 3884.49 3972.79 2927.46
Wet inorg. rdN 4574.07 3852.78 3361.79 3951.21 2382.56 1805.58 876.71
Wet org. N 0.06 0.07 0.05 0.05 0.02 0.02 0.01
Dry inorg. oxN 8167.73 9477.07 9987.97 7283.90 5845.80 4554.99 4245.69
Dry inorg. rdN 6337.00 6984.88 7952.57 8337.06 5753.49 4091.18 1906.31
Dry org. N 537.47 883.86 1007.06 628.12 332.10 250.65 179.86
Total 23701.29 24406.52 25036.85 23830.34 18198.45 14675.17 10136.03


Net N transport through the region, 
Mg N/month


Nout - Nin = Nemis - Ndep 9094.9 10970.8 12953.3 11495.4 11131.7 8829.9 10289.8


Domain 1: Three States


Assumptions: no N accumulation in the atmosphere, no N exchange at the model top layer
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Preliminary Results: atmospheric N fluxes


Year 1997
Month 6 7 8 9 10 11 12
N Emission by sources, Mg N/month


Transportation 5357.7 5430.3 5603.8 5216.7 5477.2 5280.9 5305.0
Electric generation 1309.1 1352.8 1352.8 1318.0 1362.2 1317.7 1349.4
Industry 5564.6 5561.6 5544.5 4901.1 5062.0 4830.5 4698.7
Agriculture 10308.6 11755.6 13739.1 13072.2 7553.6 4259.8 1876.5
Fire 80.4 57.8 175.3 226.8 498.0 62.6 21.1
Biogenic 532.7 900.3 905.0 453.0 123.2 51.3 19.7
Total 23153.0 25058.5 27320.6 25187.8 20076.1 15802.8 13270.4


N Deposition, Mg N/month
Wet inorg. oxN 3306.35 2942.36 2375.34 2907.69 3145.79 3062.41 2136.16
Wet inorg. rdN 3917.16 3594.07 2991.57 3438.67 2039.07 1452.54 692.71
Wet org. N 0.06 0.07 0.05 0.05 0.02 0.02 0.01
Dry inorg. oxN 6526.46 7088.80 7308.38 5339.00 4439.90 3318.59 3049.14
Dry inorg. rdN 5304.58 5573.98 6335.69 6794.55 4730.85 3238.05 1515.24
Dry org. N 467.96 714.53 809.62 496.28 265.97 193.12 134.82
Total 19522.56 19913.83 19820.66 18976.28 14621.61 11264.71 7528.08


Net N transport through the region, 
Mg N/month


Nout - Nin = Nemis - Ndep 3630.4 5144.6 7499.9 6211.5 5454.5 4538.1 5742.3


Domain 2: CRB


Assumptions: no N accumulation in the atmosphere, no N exchange at the model top layer
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Example emission and deposition rates
June 1997
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N emission calculation
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Economic Factors Influencing N 
Fertilizer Use in the CRB


Mike Brady







Major Factors that Influence N Loading 
from Ag


• Long-run changes in crop mix 


• Fertilizer prices


• Commodity prices


• Irrigation technology
– Intensity
– Efficiency


• Other information







Own-price elasticity of fertilizer


• Obviously, higher N price should reduce use, 
ceterus paribus.  


• How much fertilizer should be used?


( )


:  vector of inputs including fertilizer
: commodity (crop) price
( ) :  production function
:  input price
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Griliches (1958) Figures 1 and 3


• Short-run price elasticity = -0.5
• Long-run price elasticity = -2.0







Soil Testing


• Williamson (2011)
– Price elasticities between -1.67 and -1.87. 
– Soil testing: farmers who do soil testing reduce 


nitrogen use by up to 83 lbs/acre relative to the 
those that do not test (after controlling for other 
factors). 


• Carman (1979)
– Also finds fertilizer price elasticities range 


between -0.5 and -2.0.  







Crop Mix


• Crop mix analysis would simply look at 
intensity of fertilizer use by crop from 
enterprise budgets.


• Backcast and forecast changes as crop mix 
changes.  
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Ag Management Integration Team Efforts


BioEARTH Ag Management Integration Group (some new faces?)











Objectives & agenda


• (30 min) Progress review and create potential linkages among various groups; 


• (30 min) Identify the topics of integration papers: the adaptation and mitigation 


strategies and how policy (e.g. carbon taxes) affect its efficiency


• (30 min) List the titles of potential integration papers, lead authors, and timeline







Progresses


• Field experiments/observations
• Spatial data sets & model developments
• Conclusions from stakeholder engagement







Dr. Sarah Waldo: 
Moses Lake (June 2013)
Lind (Oct. 2011)
Cook Farm Non. Till (Aug. 


2011) 
Cook Farm Till (June 2012) 
Moscow Mtn. (July 2012)


Waldo et al., 2016


Stöckle et al., 2012







J. Harrison







Model







VIC-CropSyst


Keyvan Malek


Yield reductions through changes in water availability (K. Rajagopalan)
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You do not need it







Input: climate, managements, biophysical condition
Output: crop yield, water yield, water & N use efficiency, N leaching, soil 
erosion, irrigation water demand


VIC-CropSyst


CropSyst


Et


Yield


C & N


CO2
N2O


1. CropSyst
handles 
biogeochemical 
processes;
2. VIC handles 
hydrological and 
energy balance.
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Soil Parameters 
Cropping system


•Transpiration
•Irrig, Demand
•LAI
•SOM
•Soil texture


•Irrigation water
•Soil Parameters
•Rotation types
•T, PPT, Solar radiation 
Soil Moisture


•Management 
events


VIC


Interfacing with the 
complete CropSyst
model rather than 
components


9







Stöckle et al., 2012


Nitrogen Cycling in CropSyst Model (Courtesy of Stöckle et al.) 







Spatial Dataset







Major crop rotation types:


Permanent crops (normally are irrigated): including hops, 


orchards, etc.


Irrigated annual crops


Irrigated crop rotations: 


Potato-Winter_Wheat-Corn; 


Potato-Sugar_Beat-Corn


dryland: Winter_Wheat-Spring_Fellow


dryland: Spring_Wheat-Spring_Pea-Winter_Wheat


dryland: Spring_Fellow-Winter_Wheat-Spring_Wheat


Dryland: Continuous annual crops







https://docs.google.com/spreadsheets/d/1vgZnIbIekRz4MTLnys6hyOAVnp-bxg3jBLI1AzJVYc8/edit#gid=0







S. Nergui


Q. Baret







V. Scenarios for crop model







Stakeholder engagement











Integration topics: the adaptation and mitigation 
strategies and how policy (e.g. carbon taxes) affect 
its efficiency


• Identify the potential management approaches for adaptation and 
mitigation over the CRB, such as early sowing date, cover crops, 
changing crop types, no-tillage or less tillage, new irrigation 
technology, etc. 


• Investigate what efficiency, economic (e.g. costs and income from ag) 
and environmental consequences (e.g. GHG emission, ET, N leaching 
etc.) of these adaptation or mitigation approaches (or sustainable 
managements) under the climate change and/or social-economic 
scenarios.







SCENARIO A (climate and 
socioeconomic)


SCENARIO B (climate and 
socioeconomic)


SCENARIO C (climate and 
socioeconomic)
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Early sowing date
Cover crops
Changes to cropping 
systems
No-tillage or reduced-
tillage
New irrigation technology


Liz Allen







Adaptation to Climate Change


Adaptation strategy
1 Crop related adaptation strategies


i- cropping pattern
ii- Cropping acreage and location of cropping activities


iii- Timing of planting and harvesting date
iv- using new variety of the same crop


2 Long term strategic water management adaptations
i- Switching to New Irrigation Systems


3 Seasonal adaptations to respond to temporal availability of water
i- Deficit irrigation magnitude


ii- Deficit irrigation timing in a season
4 Short term adaptations to minimize the impacts of heat stress


i- Supplementary/over irrigation
ii- Irrigation frequency 
iii- Irrigation intensity 


Keyvan Malek







List the titles of potential integration papers, 
lead authors, and timeline
• Regional scale model evaluations: Greenhouse gas emissions, ET, N 


leaching, soil moisture, irrigation water demand
• Effects of crop managements (tillage & irrigation & fertilization & cover 


crops) on ET, soil moisture (infiltration capacity), and carbon storage across 
the CRB


• How climate change affect stakeholders’ decision making processes in 
agriculture activities? E.g. through changing crop responding curve etc. 


• How policy (e.g. water cap or carbon tax) or market behaver could affect 
agricultural ecosystems (through crop distribution, crop types, 
management intensity, irrigation technologies, etc.).


• The resilience of cropping systems in the PNW to the extreme 
environmental events (drought, heat wave, wildfire, spring frost, etc.) in 
terms of crop yields, agriculture income, and water demand. 







Carbon: soil carbon 
storage, CO2 fluxes, 
Biomass & crop 
yield


Water: Runoff, ET, 
soil moisture, 
groundwater 
storage, irrigation 
water demand


Nitrogen: N fertilizer 
use, N leaching, N2O 
emission, soil NO3 & 
NH4 & Organic N 
storage


• Storage and fluxes


• Long-term trends and interannual variations


• Spatial variations


• Coupled nature-human system: effects of 
environmental change and economic 
impacts


W & N use Efficiency?? 
Historical & Forecast??







Agricultural 
Ecosystems


Land/water


Human • Mitigation
• Sustainability
• Policy


Air/Climate
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Climate, Land Use, Agriculture and Natural Resources: 


Activities in Interdisciplinary Research, Education and Outreach 


3:00-5:30pm on Thursday, Feb 25, 2016 


Location: PACCAR Town Square (2001 Grimes Way) 


Pullman Campus, Washington State University, Pullman, WA 


 


Poster # Authors Title 


30 Adam et al. BioEarth: A Regional Biosphere-Relevant Earth System Model to Inform Agricultural and 


Natural Resource Management Decisions 


29 Adam JC, Hull RE, Tague CL, 


Reyes J, Liu ML 


Where should fine-resolution spatial heterogeneity be captured within Earth System 


Models? 


31 Adams D, Boll J, Brooks E, 


Rivera L 


Analysis of a complementary evaporative flux principle for field measurements 


2 Adewale C, Carpenter-Boggs 


L, Higgins S, Zaher U 


Identifying Hotspots in the Carbon Footprint of a Small Scale Organic Vegetable Farm. 


27 Allen E, Stephens J, Yorgey G, 


Kruger C, Ahamed S, Adam J 


What do Agricultural Decision-makers in the Northwest Need to Know about Climate 


Change? 


10 Anderson SM, Albeke SE, 


Williams DG, Evans RD 


Insights into Atmospheric Nitrogen Deposition from Herbaria Lichen Specimens 


22 Baret Q, Chung S, Adam J, 


Walden V, Carlson B, Stöckle 


C 


The effect of wildfire aerosols on crop growth in the Pacific Northwest 


6 Barik M, Liu M, Rushi B, 


Stöckle CO, Abatzoglou J, 


Adam JC 


Is snowpack drought an increasing threat in the Pacific Northwest? 


9 Baxter H, Nguyen T, Adam J, 


Barik M, Barber M, Hossain A 


Impacts Of Future Changes On Low Flow In A Highly Connected River-Aquifer System: A 


Case Study Of The Spokane River And The Spokane Valley-Rathdrum Prairie Aquifer 
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15 Carlson B, Khalil T, Uslar N, 


Frear C, Nelson R, Ma J, 


Stöckle C 


Dairy-CropSyst: a gaseous emission and nutrient fate modeling tool 


40 Dobre M, Brooks ES, Elliot WJ, 


Frankenberger JR 


Development of a WEPP online watershed interface to predict effects of watershed 


management on runoff, and sediment and phosphorus delivery in the Lake Tahoe Basin 


33 Du A, Zhu C, Lin Y Nanotechnology for Clean Water 


1 Forney WM, Harrison JA Improvements to the Nutrient Export in Watersheds model in the Columbia River Basin 


36 Fu XW, Wang Y, Murshed 


SMY, Liu J, Scudiero L, Zhong 


WH 


A Natural Pathway to Advanced Solid Polymer Electrolytes: Adjustable Ion Transportation 


in Denatured Soy Protein 


24 Hanan E, Abatzoglou J, Adam 


J, Alessa L, Anderson J, Brooks 


E, Hicke J, Kliskey A, Kruger C, 


Liu M, Paveglio T, Smith A, 


Yoder J, Kolden C 


A modeling framework to reduce the risk of fire becoming a disaster in the Pacific 


Northwest 


16 Haque Z Numerical simulation of a submerged circular turbulent impinging jet 


7 Hegewisch K, VanSant D, 


Abatzoglou JT 


Integrated Scenarios of Future Northwest Environment Project 


32 Huang M Quantifying Impacts of Land-use and Land Cover Change in a Changing Climate at the 


Regional Scale using an Integrated Earth System Modeling Approach 


41 K. Malek, J.  Adam, C. Stockle, 


M. Brady 


When should irrigators invest in more water-efficient technologies as an adaptation to 


climate change?  


5 Khan MA, Stockle CO, Allen 


RG, Trezza R 


Satellite imagery for actual ET estimation using surface energy balance algorithm 


13 Madsen K, Wickham R, Petrie 


J 


Flow and Sediment Transport in Small Streams in Forested Watersheds 


11 Nassiri S Predicting thermal behavior of pervious concrete with different porosities 


12 Nassiri S Testing improvements to strength and durability of Pervious concrete 


3 Nergui T, Evans RD, Adam JC, 


Chung SH 


The El Niño Southern Oscillation (ENSO)-induced Modulations in Precipitation and 


Nitrogen Wet Deposition Rates in the Continental United States 
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4 Nergui T, Lamb BK, Chung SH Atmospheric Nitrogen Budget in the Pacific Northwest during the 1997-99 El Niño 


Southern Oscillation  


39 Nguyen T, Adam J The role of watershed properties in governing headwater catchment recharge and 


streamflow response to climate change 


28 Ortega A, Fremier A Monitoring carbon processing in streams to quantify and map ecosystem services 


35 Parker L, Abatzoglou J Using the MaxEnt in estimating the climatological niche for perennial agriculture 


34 Rabbani G Estimate Crop Coefficient for a Deciduous Tree using WEPP and Observe the Impact of 


Forest Cutting on Different Types of Forest 


20 Rajagopalan K, 


Chinnayakanahalli K, Nelson 


R, Yorgey G, Malek K, Stockle 


C, Brady M, Kruger C, Adam J 


Impacts of climate change on irrigated agriculture in the Columbia River basin. 


37 Reyes JJ, Adam JC, Tague CL Assessing environmental controls on biomass in grasslands using an eco-hydrologic model 


38 Reyes JJ, Tague CL, Kruger C, 


Johnson KA, Adam JC 


Integrated Response of Grassland Biomass Along Co-varying Gradients of Climate and 


Grazing Management Using an Eco-hydrologic Model 


8 Richey S A Remote Sensing Analysis of Global Groundwater Stress 


23 Shehata M, Petrie J Mixing zone hydrodynamics in a large confluence: a case study of the Snake and 


Clearwater Rivers confluence 


21 Souzandeh H Biomaterials for air filtration 


14 Sparks AM, Kolden CA, Smith 


AMS 


Fire Activity and Climate Change 


17 Thornton M, Beall-King A Collaborative Modeling in the Spokane River Basin: Engaging Stakeholders to Explore 


Basin-wide Water Management Strategies 


26 Ward NK, Maureira F, Brooks 


E, Yourek M, Stockle C 


CropSyst-Microbasin model as a tool to inform variable-rate nitrogen management and 


dryland farm profitability 


18 Williams J, Beutel M, Nurse A, 


Moore B, Hampton S, Saros J 


Phytoplankton Responses to Nitrogen Enrichment in High Elevation Lakes at Mount 


Rainier, North Cascades, and Olympic National Parks 


25 Xin J, Guo X, Qin J, Zhang P, 


Wolcott MP, Zhang J 


Application development of lignin in valuable engineering polymers via mild 


thermochemical and mechanochemical process 


19 Zhao M, Boll J, Brooks ES Modeling of Forest Land Use Changes with Soil Moisture Routing Model in Mica Creek 


Watershed in North Idaho 
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Adam JC, Hull RE, Tague
CL, Reyes J, Liu ML


jcadam@wsu.edu Where should fine-resolution spatial
heterogeneity be captured within Earth
System Models?


Land-atmosphere interactions impact the environment in myriad of ways, such as through partially driving our climate system, and
in changing the availability and usability of our natural resources. Earth System Models (EaSMs) are increasingly being used to
explore these coupled dynamics from watershed to global scales. However, many EaSMs do not adequately represent landscape-
scale spatial heterogeneity that influences land surface response, as relatively coarse resolution simulations are necessitated by
computational limitations. Research is needed to understand which types of spatial heterogeneity, over which biomes and climate
types, should be represented such that an EaSM accurately captures the aggregate land surface response to a changing climate.
Spatial heterogeneity in a landscape arises due to differences in model forcings; in underlying soil, vegetation, and topographic
properties that control moisture, energy and nutrient fluxes; and in land surface responses that arise due to spatially-organized
connections. While our long-term goal is to understand how each of these sources should be represented in an EaSM, in this study
we focus first on parameter heterogeneity. We apply the Regional Hydro-Ecological Simulation System (RHESSys), a distributed
process-based model that was originally developed for catchment-scale applications. We explore the functional form of the
hydrologic response of a RHESSys “patch” (a 200-400 m element with homogenous landscape parameters) to an invoked change.
According to scale transition theory, a linear response makes it is possible to upscale (or aggregate) the model resolution without
biasing the model response. We perform RHESSys simulations for more than 500 individual catchments within the Willamette and
Yakima River basins in the Pacific Northwest region of the U.S. Each catchment was imposed with incremental perturbations of
temperature and precipitation. The response curves for hydrologic variables such as evapotranspiration, soil moisture, and runoff
are tested for linearity using the Pearson correlation coefficient. A cluster analysis is conducted then compared to biome and climate
classifications to identify landscapes where upscaling is possible without biasing the aggregate hydrologic response.


Adam et al. jcadam@wsu.edu BioEarth: A Regional Biosphere-Relevant
Earth System Model to Inform
Agricultural and Natural Resource
Management Decisions


As managers of agricultural and natural resources are confronted with uncertainties in global change impacts, the complexities
associated with the interconnected cycling of nitrogen, carbon, and water present daunting management challenges. Existing
models provide detailed information on specific sub-systems (land, air, water, economics, etc). An increasing awareness of the
unintended consequences of management decisions resulting from interconnectedness of these sub-systems, however, necessitates
coupled regional earth system models (EaSMs). Decision makers’ needs and priorities can be integrated into the model design and
development processes to enhance decision-making relevance and “usability” of EaSMs. BioEarth is a current research initiative with
a focus on the U.S. Pacific Northwest region that explores the coupling of multiple stand-alone EaSMs to generate usable
information for resource decision-making. Direct engagement between model developers and non-academic stakeholders involved
in resource and environmental management decisions throughout the model development process is a critical component of this
effort. BioEarth utilizes a “bottom-up” approach, upscaling a catchment-scale model to basin and regional scales, as opposed to the
“top-down” approach of downscaling global models utilized by most other EaSM efforts. This paper describes the BioEarth initiative
and highlights opportunities and challenges associated with coupling multiple stand-alone models to generate usable information
for agricultural and natural resource decision-making.


Adams D, Boll J, Brooks E,
Rivera L


druffdj@wsu.edu Analysis of a complementary
evaporative flux principle for field
measurements


Brutsaert (2015) proposed a reformulation of the relationship between complementary evaporative fluxes based on inclusion of
considerations relative to physical land-surface conditions. This newly refined principle has been primarily applied to field
measurements using pan evaporation and energy fluxes. Further analysis should be performed to understand its application using
other evaporation field measurement tools such as lysimeters. Three lysimeters are being used concurrently with pan evaporation
to measure evaporative fluxes in the field. We hypothesize that analysis of lysimeter evaporative fluxes comparatively to pan
evaporation measurements of actual evaporation will aid in further understanding of the relationship to apparent and potential
evaporation yielding similar boundary conditions based on physical consideration as posed by Brutseart (2015). Such developments
aid in the understanding of the complementary principle using a variety of environmental measurement tools under a wider array of
field settings. The poster will outline the theory and field measurements that will contribute to validate our hypothesis.


Adewale C, Carpenter-
Boggs L, Higgins S, Zaher
U


adecorne.adewale@wsu.edu Identifying Hotspots in the Carbon
Footprint of a Small Scale Organic
Vegetable Farm.


Despite its potential to mitigate greenhouse gas (GHG) emissions, organic farming is not immune to contributions to GHG emissions.
A full accounting and understanding of the GHG emissions associated with specific activities, materials, and energy used in organic
operations is needed in order to empower farmers to minimize their farm carbon footprint (CF). A small-scale organic vegetable
farm in Washington State, USA, was used as a case study to determine the CF and GHG hotspots to support decision-making for GHG
mitigation. A partial life cycle assessment was conducted to identify primary and secondary GHG fluxes associated with activities and
materials used in production of potatoes, cauliflower, dry bush beans, winter squash, summer squash, chard, peppers, and onions.
Across the farm as a whole, fuel use for both on-farm and upstream off-farm operations, energy use for irrigation, fertilization, and
plastic based material use for pest management were identified as the major CF hotspots. Simulation of a switch to the use of
biodiesel instead of gasoline and diesel, and the use of solar powered irrigation in place of the current hydroelectric powered
irrigation, resulted in a 34% reduction in the total farm CF. The CF associated with each crop ranged from a low of 1.86 t CO2-eq ha-
1 yr-1 for dry bush beans to a high of 3.00 t CO2-eq ha-1 yr-1 for peppers. Peppers had the highest CF followed by cauliflower and
potatoes. By identifying the CF hotspots of a whole farm and individual crops, particular inputs and activities can be targeted for
modification in order to effectively reduce farm’s CF.


Allen E, Stephens J,
Yorgey G, Kruger C,
Ahamed S, Adam J


lizb.allen@wsu.edu What do Agricultural Decision-makers in
the Northwest Need to Know about
Climate Change?


Based on a series of workshops conducted with professionals who specialize in water, atmospheric, forest, rangeland and
agricultural management issues in the Northwest US, we describe the range of perspectives about regional climate science
information. Our goal is to support academic researchers in producing and communicating actionable climate science information
for decision-makers. The workshops analyzed for this study were held between 2013-2015 as part of the BioEarth research project,
an interdisciplinary regional climate impacts modeling effort funded by USDA-NIFA. Workshop participants’ information needs and
reflections on communication and engagement processes are analyzed using transcripts of workshop discussions, pre- and post-
workshop surveys, and responses to multiple-choice questions posed during workshops. Central recommendations from
stakeholders to climate impacts modelers include: 1) explore policy changes expected on the horizon; 2) incorporate changing
technologies and management practices; 3) investigate impacts of land use change; 4) test the impacts of applying current best
management practices vs. what are understood to be “worst practices”; and 5) explore possible unintended consequences of
management decisions. Considerable variation in types of climate science information deemed useful by agricultural decision
makers was found. This analysis suggests opportunities for climate science researchers to collaborate with specific agricultural
management audiences and address critical information needs.







Anderson SM, Albeke SE,
Williams DG, Evans RD


sarah.anderson2@wsu.edu Insights into Atmospheric Nitrogen
Deposition from Herbaria Lichen
Specimens


Atmospheric nitrogen (N) deposition has increased significantly throughout the 20th century with consequences for ecosystems.
Negative environmental impacts make it imperative to understand how N deposition has changed over time. Lichens have been
used as indicators of air pollution for over 150 years, and strong relationships are often observed between amounts of N deposition
and lichen N content. We use this knowledge of lichens as air pollution indicators to study how N deposition has changed over the
last century. Four species of herbaria lichen specimens were sub-sampled and analyzed for their elemental N content and stable
isotope composition (δ15N) in order to provide insight into changes in the amount of deposition through the N content and into the
sources of deposition through the δ15N. Lichens were originally collected throughout the western United States over the last 125
years. We see unique patterns among the different species and across the different regions. Two of the four species observed
consistent increases in N content across most regions from the early 20th century until roughly 1990 which is when the Clean Air Act
Amendments (CAAA) required reductions in N emissions from major emission sources. Two common patterns occur in lichen δ15N
across species and regions: 1) a consistent depletion in δ15N throughout the 20th century and 2) a depletion in δ15N until the 1980s
when lichen δ15N becomes enriched. The enrichment of δ15N may relate to major regulatory control measures enacted after the
CAAA of 1970 and 1977.


Baret Q, Chung S, Adam
J, Walden V, Carlson B,
Stöckle C


quentin.baret@wsu.edu The effect of wildfire aerosols on crop
growth in the Pacific Northwest


In the western United States, forest fires occur each year in the summer. Climate change predictions suggest that temperatures will
increase in summer and precipitation will decrease. In one projected scenario (A1B greenhouse gas scenario simulated from 20
different global climate models), the area burned by regional fires is expected to double by the 2040s and triple by the 2080s
compared to the 1916-2006 period. Forest fires release a significant amount of smoke (aerosols) into the atmosphere. These
aerosols alter the amount of solar radiation and proportion of diffused radiation received at the surface and, therefore, by crops. To
investigate the impact of aerosols from wildfires on crops over the Columbia Plateau region in the Pacific Northwest, atmospheric
and meteorological data from the 2015 summer fire season are used. Meteorological profiles are obtained from the Weather
Research and Forecasting (WRF) model. These are used as input into the Rapid Radiative Transfer Model (RRTM). RRTM calculates
the direct and diffuse solar radiation in both the upward and downward directions at the surface. The solar radiation calculations
across the study area are then input into a crop system model for assessing the impacts of aerosols on wheat growth and yield near
Pullman, WA. The crop model is a two-leaf hourly time step transpiration and photosynthesis model. The two-leaf model partitions
the canopy into sunlit and shaded fractions using hourly solar zenith angle and allocates diffuse and direct radiation appropriately. A
sensitivity study is conducted with simulations of clear-sky conditions without aerosols over June, July and August and with low,
medium and high constant aerosol amount over the same three months. The next step will be to use aerosol optical depths (AOD)
simulated from the Community Multiscale Air Quality (CMAQ) chemical transport model for the 2015 summer fire season.


Barik M, Liu M, Rushi B,
Stöckle CO, Abatzoglou J,
Adam JC


mbarik@wsu.edu Is snowpack drought an increasing
threat in the Pacific Northwest?


In spite of near normal precipitation during the winter of water year 2015, the Pacific Northwest (PNW) has experienced drought
because of insufficient snow accumulation in the mountains, which was exacerbated by an unusually warm and dry summer. Low
mountain snowpack resulted from an anomalously warm winter and subsequently affected water supply for irrigation, fish habitat,
ecosystem, and recreation, necessitating a statewide drought emergency declaration in the Washington State. While the 2015
drought is likely a result of natural variability superposed with climate warming, we ask how the frequency of droughts of this
character are likely to change as a result of anthropogenic climate change. Downscaled climate data from multiple Global Climate
Models from the Fifth Climate Model Intercomparison Project were used with the Variable Infiltration Capacity (VIC) model to
calculate both the Standardized Precipitation Index (SPI) and Snow Melt and Rain Index (SMRI) indices for quantifying
meteorological and snowpack droughts, respectively, in the Columbia River Basin (CRB) under historic and future climate change
scenarios. Our results show that snowpack droughts increase in severity and frequency in the future in response to the sensitivity of
the snowpack to warming, whereas there is a less systematic trend in meteorological drought. Water resources in the CRB largely
depend on the mountain snowpack and spring snowmelt. More frequent occurrence of snowpack drought will have serious
implications in this system, which need to be addressed in future studies.


Baxter H, Nguyen T,
Adam J, Barik M, Barber
M, Hossain A


heather.baxter@email.wsu.edu Impacts Of Future Changes On Low Flow
In A Highly Connected River-Aquifer
System: A Case Study Of The Spokane
River And The Spokane Valley-Rathdrum
Prairie Aquifer


The Spokane, Washington-Coeur d’Alene, Idaho Corridor contains the Spokane Valley-Rathdrum Prairie (SVRP) Aquifer, which is a
sole source of drinking water for more than 500,000 people. This aquifer is highly connected to the Spokane River, making the river
relatively vulnerable to climate and anthropogenic changes such as pumping. Recent studies have found a decline in minimum daily
flow in the Spokane River in the last 100 years, raising concern for the sustainability of human and ecosystem water usages in the
next decades. In this research, we investigated the potential impacts of future changes in both climate and human activities on low
flows in the Spokane River – SVRP system. A distributed, physically-based hydrological model, the Precipitation Runoff Modeling
System (PRMS), and a Modular three-dimensional finite-difference ground-water model (MODFLOW) were used to estimate
recharge into the SVRP and the interaction of surface water and groundwater. The model was calibrated and validated at a daily
time-step using 16 years of both observed streamflow and observed well data from 1990 to 2005. To assess future climate change
impacts, statistically downscaled climate projections of temperature and precipitation between 2010 and 2050 from four general
circulation models were used. The results from the coupled model provide insight on the interplay between climate and human
activities on groundwater recharge and low flow discharge in the highly connected Spokane River – SVRP Aquifer system. Results can
be used to help direct long term water resources management and planning in the region.


Carlson B, Khalil T, Uslar
N, Frear C, Nelson R, Ma
J, Stöckle C


bryan.carlson@email.wsu.edu Dairy-CropSyst: a gaseous emission and
nutrient fate modeling tool


Dairy confined animal feeding operations (CAFOs) may have deleterious effects on the environment by concentrating nutrients and
emitting high amounts of greenhouse gasses. To reduce these effects in the United States, strict regulations are enforced on manure
management. CAFOs are required to implement plans to minimize the natural resource contamination and to report greenhouse gas
(GHG) and ammonia emissions that exceed certain values. Numerous modeling tools exist to aid CAFOs operators in completing
such tasks. However, few, if any, of these tools integrate the impact of traditional and emerging manure management tools
including anaerobic digestion, solids separation, and nutrients recovery. Furthermore, current models do not estimate the nutrient
value of recovered products and effluent leaving the dairy system – an important consideration for the incorporation of crop
simulations. The main objective of this study was to develop Dairy-CropSyt, a decision support tool for CAFOs managers and
researchers to evaluate the effects of different manure treatment options on net GHG emission and manure nutrients fate applied
to crop land. The tool tracks the fate of nutrients through the dairy system, including inorganic and organic forms of carbon,
nitrogen, phosphorus, and potassium. This is accomplished by integrating established models, performance parameters from
industrial data, and using a cropping model called CropSyst. Dairy-CropSyst may assist the dairy industry by aiding in decision making
and as a tool for reporting GHG and ammonia emissions.







Du A, Zhu C, Lin Y annie.du@wsu.edu Nanotechnology for Clean Water We have been working on development of nanomaterials and devices for water treatment and water monitoring in past 10 years.
For water treatment, we have developed a class of new functionalized mesoporous silica (FMS) for removal of toxic metal ions (Hg,
Cd, Pb, As, Cr) and radionuclides (U, Pu, Cs) from contaminated water and for enhanced sensitivity and selectivity in metal ion
sensing.  FMS has an immense surface area (~ 1000 m2/g) that may be loaded with reactive sites where molecules can bind. The
technology has been commercialized by Steward Environmental Solutions.  We also developed a nanomaterials-based electrically
switched ion exchange (ESIX) technology for water treatments. It is a novel technology that combines both the principle of
electrochemistry and ion exchange for removal of toxic ions (perchlorate, Cr6+) and radionuclides (TcO4-, Cs-137). For water
monitoring, nanomaterials based sensors has been developed for detection of water pollutants such as toxic metals, pesticides, PCB,
PAH, radionuclides. Carbon nanotubes, graphenes, quantum dots and other nanomaterials have been functionalized for sensor
design and fabrications.


Forney WM, Harrison JA william.forney@wsu.edu Improvements to the Nutrient Export in
WaterSheds model in the Columbia
River Basin


Clean water is necessary for people and ecosystems. However, water quality in some Columbia River Basin (CRB) rivers is considered
impaired due to excessive nutrient loading, with impairment of additional systems possible due to likely changes in land use and
climate. As a result of its human health and ecosystem effects such as access to safe drinking water and recreation, eutrophication
and decreased dissolved oxygen, and harmful algal blooms; dissolved inorganic nitrogen (DIN) is of particular concern. To better
understand regional DIN dynamics, researchers applied the global Nutrient Export in WaterSheds model (NEWS2-DIN) in northern
California watersheds, the Mississippi River Basin, and the CRB. Successes, challenges and model testing results associated with
those efforts will be summarized briefly.  Model efficiency and sensitivity tests of regional NEWS applications suggest that the CRB
model application might be improved by refining the following model input variables: runoff, fraction of DIN lost due to removal of
water, fraction of DIN lost in the river network, fraction of DIN retained in reservoirs, runoff modulation constant, watershed export
coefficient of diffuse N input entering surface waters, total N applied as manure, total N applied as fertilizer, total N removed from
crop harvest and export, total N input from natural fixation, and total N input from agricultural fixation. Furthermore, prior research
in the CRB demonstrated that NEWS2-DIN performs well for basins larger than 10,000 km2, however, for basins smaller than 10,000
km2 it has no predictive power (Nash-Sutcliffe efficiency equals or less than zero). We propose a suite of refinements to NEWS2-DIN
that we believe will improve the model’s ability to capture nutrient export and system dynamics in smaller basins. These
refinements include both 1) changes to the representation of nutrient processing, and 2) acquisition of new data. For the first set of
refinements, equations in NEWS2-DIN of nutrient processes and drivers identified as candidates for improvement include: hydrology
and water balance dynamics, watershed and river processing, reservoir retention, topographic complexity, and representation of
seasonal dynamics. For the second set of refinements, potential improvements to input data include: differentiated fertilizer and
manure application by crop type, improved representation of N fixation on agricultural and natural lands, improved representation
of wetlands, records of water diversions, better stream representation and attribution, and improved basin delineation.


Fu XW, Wang Y, Murshed
SMY, Liu J, Scudiero L,
Zhong WH


xuewei.fu@wsu.edu A Natural Pathway to Advanced Solid
Polymer Electrolytes: Adjustable Ion
Transportation in Denatured Soy
Protein


Solid polymer electrolytes are of great interest for several decades due to the superiorities in mechanical properties, safety and
electrochemical stability as compared with organic liquid electrolytes. However, the Li+-transportation is highly coupled with the
mobility of polymer chain segments, which leads to a trade-off between ionic conductivity and mechanical properties and limits
them from practical applications. Moreover, due to the increasing concerns on the environmental impacts from lithium ion
batteries, developing “green” and sustainable high-performance solid polymer electrolytes is particularly significant. In this study,
we surprisingly found that denatured soy protein can be a promising polymer host for lithium ions. The critical factors affecting the
ion transportation including the denaturation of soy protein, the loading of lithium salt and the temperature for the evaporation
process were investigated for the resultant soy-protein-Li+ system. For an optimized system, a high ionic conductivity around 10-5
S/cm and a modulus around 1 GPa were achieved at room temperature, which have never been realized in conventional solid
polymer electrolytes. Via molecular modeling, three possible mechanisms for the ion-transportation inside the soy-protein matrix
are proposed to understand the unique conduction of Li+ in the denatured soy protein. This study may open a new avenue for
developing high-performance bio-solid polymer electrolytes with new Li+-transportation mechanisms, which can lead to significant
advantages in not only functionalities (high ionic conductivity and high modulus), but also sustainability and environmental
friendliness.
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erin.hanan@wsu.edu A modeling framework to reduce the
risk of fire becoming a disaster in the
Pacific Northwest


Fire management in the Western U.S. is facing unprecedented challenges in response to climate change, growing populations, and
the expanding wildland-urban interface. Although fires are an intrinsic component of many ecosystems, a combination of
biophysical and socioeconomic factors can turn them into social or natural disasters, with compounding negative impacts on both
ecosystems and human communities. To address these new challenges, we must account for ecological, social, economic, and
political dynamics over multiple spatial and temporal scales. Simulation modeling is a critical tool for exploring these complex
feedbacks given the uncertainties associated with changing climate and growing populations. We are developing a modeling
framework, FireEarth, which expands the Biosphere-relevant Earth system model (BioEarth) to incorporate fire, insect outbreaks,
drought, and erosion. This framework will be used to simulate episodic disturbance events and their impacts on hydrologic and
biogeochemical cycles. BioEarth incorporates the ecohydrologic model RHESSys to simulate biophysical processes in watersheds.
FireEarth will link the existing fire spread model (WMFire) that is embedded in RHESSys with models for fire severity and the effects
of fire on ecohydrologic processes. We are setting up a pilot study in the Johnson Creek watershed near Yellow Pine, ID for initial
model development. We will then use a novel scaling approach to evaluate policy and other decision-making processes at scales
ranging from the wildland-urban interface to geographic regions in the Western U.S. and elsewhere. Through this approach, we aim
to reduce the risk of wildfire becoming a disaster and increase community and ecological adaptive capacities.







Haque Z zannatul.haque@wsu.edu Numerical simulation of a submerged
circular turbulent impinging jet


Soil erosion may degrade water quality, cause riverbank instability, and damage infrastructure. Knowledge of soil resistance to
erosion is required to study embankment breaching, riverbank and shoreline erosion, scour around hydraulic structures, and canal
stability. Cohesive soil erosion is a complex process that depends on the physical, chemical and biological properties of soil as well as
the interactions among properties. The jet erosion test is a cost-effective tool to measure erodibility of cohesive soils. In this test,
erosion is generated by a submerged turbulent jet impinging on the soil surface. Erosion is assumed to be generated by the
maximum shear stress due to the jet. A number of empirical models have been proposed to calculate this shear stress but little
agreement has been achieved. Moreover, in the analysis procedure the eroded surface is considered to be flat throughout the
erosion process. It is not yet known how this change in geometry impacts the shear stress distribution and progression of erosion.
This study presents the results of the application of computational fluid dynamics (CFD) to study the shear stress distribution of a
circular turbulent jet impinging on both non-eroded (flat) and eroded boundaries. The dimensions of the modeled flow domain are
equivalent to the test apparatus with static geometry of the scoured surface. For eroded boundaries the scour holes are idealized to
be rectangular in shape rather than having natural curved shape. Despite this simplification, the results demonstrate the influence of
the scour region on the near wall hydrodynamics and distribution of shear stress applied by the jet. By incorporating the change in
shear stress distribution with an evolving soil boundary, improved predictions of erosion parameters and cohesive soil behavior can
be achieved.


Hegewisch K, VanSant D,
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khegewisch@uidaho.edu Integrated Scenarios of Future
Northwest Environment Project


The Integrated Scenarios (IS) of the Future Northwest Environment project resulted in several datasets describing projected changes
in climate, hydrology and vegetation for the 21st century over the Northwestern US. However, these datasets pose several
challenges to their use including 1) the sheer size of these datasets (~20 TB), 2) the specific file format (netCDF) for data access and,
3) the data being derived from global climate model experiments and necessitating appropriate statistical analysis. In an attempt to
improve this situation and increase the accessibility of the Integrated Scenarios datasets to a broader range of stakeholders, the
Integrated Scenarios Tools project was born. This poster shows off the features/tools resulting from this project and featured on a
new webpage (http://climate.nkn.uidaho.edu/IntScenNew). This webpage aims to address 1) information on the climate, hydrology
and vegetation models and the resulting data of the IS project, 2) tools to improve IS data access and 3) tools to appropriately
visualize the IS data. The poster will be accompanied by a laptop demonstration of the functionality of the web tools in order to
obtain feedback for further tuning of the webpage and tools.


Huang M Maoyi.Huang@pnnl.gov Quantifying Impacts of Land-use and
Land Cover Change in a Changing
Climate at the Regional Scale using an
Integrated Earth System Modeling
Approach


In this presentation, I will introduce research efforts at the Pacific Northwest National Laboratory towards quantifying impacts of
LULCC on the water-energy nexus in a changing climate using an integrated regional Earth system modeling framework: the Platform
for Regional Integrated Modeling and Analysis (PRIMA). Two studies will be discussed to showcase the capability of PRIMA: (1)
quantifying changes in terrestrial hydrology over the Conterminous US (CONUS) from 2005 to 2095 using the Community Land
Model (CLM) driven by high-resolution downscaled climate and land cover products from PRIMA, which was designed for assessing
the impacts of and potential responses to climate and anthropogenic changes at regional scales; (2) applying CLM  over the CONUS
to provide the first county-scale model validation in simulating bioenergy crop yields and assessing associated impacts on the water
and energy budgets . The studies demonstrate the benefits of incorporating and coupling human activities into complex ESMs, and
critical needs to account for the biogeophysical and biogeochemical effects of LULCC in climate impacts studies, and in designing
mitigation and adaptation strategies at a scale meaningful for decision-making. Future directions in quantifying LULCC impacts on
the water-energy nexus under a changing climate using an Integrated Multi-scale, Multi-sector Modeling framework will also be
discussed.
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Satellite imagery for actual ET
estimation using surface energy balance
algorithm


The conventional methods for evapotranspiration (ET) estimation including micrometeorological, water balance and plant
physiology methods are mainly limited to field scale measurements. In addition to this, these methods produce good ET estimates
for homogenous and uniformly irrigated fields. But for drylands the water stress and mixed field conditions make it difficult to assess
ET accurately using conventional methods. The detailed energy balance studies with remote sensing (RS) for estimating ET in mixed
filed conditions are becoming popular and easier, because of the modifications in the empirical equations from past studies and
development of new methods of actual ET measurement like METRIC and SEBAL. In addition to, energy balance can detect reduced
ET caused by water shortage it also can spot spatio-temporal variation in ET over the large scale.


Madsen K, Wickham R,
Petrie J


kaleb.madsen@wsu.edu Flow and Sediment Transport in Small
Streams in Forested Watersheds


Recently, much interest has focused on converting biomass to generate biojet fuel. This study supports an investigation of the social,
economic, and environmental feasibility of collecting residual woody biomass remaining after tree harvesting and converting the
biomass to jet fuel. A key component of the project is environmental impacts, which are expected to affect physical and biological
processes of both the hillslope and stream channel. This poster presents field work investigating the physical environmental impacts
of biomass removal on stream channels. The study site, Cat Spur Creek, is a stream draining a forested watershed located two miles
south of Clarkia, ID on land administered by the Idaho Panhandle National Forest. Timber harvesting activities have occurred in the
watershed from 1964 to present. Field work was conducted in July 2014 and includes a stream channel elevation survey and bed
particle grain size measurements.  Preliminary analysis is shown for the field data and a two dimensional, depth-averaged hydraulic
model capable of simulating flow, sediment transport (bedload and suspended load), and morphological changes of the bed and
banks of rivers.


Nassiri S snassiri@wsu.edu Predicting thermal behavior of pervious
concrete with different porosities


Pervious concrete pavements’ benefits in stormwater management and pavement runoff control has made this relatively new
technology a desirable pavement option for many municipalities, departments of transportation and other project owners. PCP
mixture is designed to contain 15-25% voids in a unit volume, achieved by omitting or minimizing the fine aggregate content in the
mixture. The voided structure inevitably affects the thermal properties and therefore temperature changes in pervious concrete
compared to conventional concrete. It is particularly critical to understand the thermal behavior of previous concrete pavements for
winter maintenance operations. The focus of our ongoing study is to establish the thermal properties of pervious concrete as a
function of porosity in the laboratory and develop a model to predict thermal conductivity of pervious concrete as a function of
mixture constituents. The figure below shows the results of our ongoing tests to establish the thermal conductivity of one pervious
concrete mixture in dry (orange) and saturated conditions (blue) for various porosities. Our next step in the research is to use these
properties in a heat transfer model to predict a pervious concrete sidewalk on WSU campus, instrumented with thermistors at
various depths.







Nassiri S snassiri@wsu.edu Testing improvements to strength and
durability of Pervious concrete


The implementation of pervious concrete (PC) pavements is becoming more popular due to its environmental benefits. However,
relatively low mechanical properties and durability of PC limit its use for heavier traffic load. Number of studies proposed different
mixture design improvements to enhance strength and durability of PC. In this study different sizes and dosages of recycled carbon
fiber composite (rCFC) particles were incorporated into a PC mixture (rPC). The goal was to determine what kind of improvements in
physical and mechanical properties of PC can be attained by the addition of rCFC. Seven mixture designs were prepared in order to
investigate effects of rCFC dosage as well as rCFC particle sizes. The results indicated that rCFC enhanced the workability of the PC
mixtures. rPC mixtures presented higher average infiltration rates when compared to a control mixture. Improvements in
mechanical properties can be seen on 28-day compressive strength (4~11%), 7- and 28-day tensile strength (~26%) and in modulus
of elasticity (6~45%). In terms of the abrasion resistance, rPC mixtures presented various behaviors. However, on both abrasion tests
(Cantabro and surface abrasion) it was possible to identify the mixture that outperforms the control (plain PC).


Nergui T, Evans RD,
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tsengel.nergui@wsu.edu The El Niño Southern Oscillation (ENSO)-
induced Modulations in Precipitation
and Nitrogen Wet Deposition Rates in
the Continental United States


The ENSO affects atmospheric nitrogen (N) deposition rates through its modulation on N wet deposition. Precipitation and wet
deposition measurements at 151 sites of the National Atmospheric Deposition Program/National Trends Network and the NINO3.4
SST climate index from the NOAA’s Climate Prediction Center are analyzed to determine the impacts of the ENSO on N wet
deposition and precipitation rates in the continental U.S. Precipitation and N wet deposition time series are dominated by high
frequency components; however, they contain a wide range of inter-annual frequency components depending on the location. At
the 2-to 6-year timescale, variability of precipitation and N wet deposition rates in the Pacific Northwest, the Rocky Mountains, the
Gulf States, the Northeast, and the Great Lakes regions are correlated with that of the NINO3.4 index (r2= 0.09-0.59 for precipitation
and r2= 0.09-0.52 for N wet deposition, p<0.05). The spatial patterns and strength of the correlations vary by region and season. The
correlations are the strongest and most spatially extensive during winter; 46-62% and 46-53% of the 2- to 6-year variability of
precipitation and N wet deposition rates in the Rocky Mountains, the Gulf of Mexico, and near the Great Lakes can be explained by
ENSO activity. The wintertime relationships tend to hold through springtime in the Great Lakes, the Ohio River Valley, and the
Northeast. During the El Niño winters and springs, N wet deposition rates are higher than normal (greater than the 70th percentile)
in the southern Great Plains and the Gulf Coast. Winter and spring La Niña episodes bring precipitation and N wet deposition rates
above normal over the Cascades, the Ohio River Valley, the Northeast and the Great Lakes regions. The ensemble mean of eleven
coupled General Circulation Models (Yeh et al., 2009) shows that the weak ENSO cycles, having small to moderate amplitudes and
reoccurring in shorter time intervals, are projected to dominate in the 21th century, implying that total N (dry and wet) deposition
rates in some regions of the U.S. may increase due to increased N wet deposition from more frequent ENSO events. Continuing work
includes analysis of total N deposition with climate variability at the intra-annual time scale to help explain total N deposition
variability.
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tsengel.nergui@wsu.edu An Atmospheric Nitrogen Budget in the
Pacific Northwest during the 1997-98 El
Niño Southern Oscillation


Excess reactive nitrogen (N) from anthropogenic activities is known to cause detrimental effects on the environment. Natural
climate variability such as the El Niño Southern Oscillation (ENSO) can affect regional N budgets due to spatial patterns of
atmospheric transport and other meteorological conditions associated with ENSO forcing. This study aims to quantify atmospheric N
fluxes over the Pacific Northwest to improve our understanding of the regional N budget during a strong ENSO event. The WRF-
MEGAN-SMOKE-CMAQ modeling framework is used to simulate atmospheric physical and chemical processes from summer of 1997
to spring of 1999 which includes one of the strongest ENSO events on record. Based on anthropogenic emissions from the 2002
National Emission Inventory, the MEGAN biogenic emission model, and the BlueSky modeling framework in combination with
historical fire records, total N emissions were about 108 Gg N in summer (Jun-Aug) and 63 Gg N in winter (Dec-Feb). Total N
emissions aggregated from transportation, electric generation, and industry sectors were relatively constant throughout the year,
with seasonal average of 56±2 Gg N. On the other hand, total N emissions from agriculture, wildfire, and biogenic sources had a
strong seasonality (32±16 Gg N), with a maximum in summer (49 Gg N) and a minimum in winter (9 Gg N). Total N deposition rates
were lower (36 Gg N) in winter of 1997/1998 and higher in following spring (82 Gg N) and summer (81 Gg N). Dry deposition is
dominant over wet deposition in the region. Depending on the season, dry and wet deposition accounted for 52-70% and 30-48% of
the total monthly deposition rates, respectively. However, during the 1997-98 El Niño winter, wet and dry deposition contributed
almost equally to the total deposition. A mass balance calculation with an assumption of no N accumulation in the troposphere
indicates that about 26±9 Gg N was transported out of the region on a seasonal basis. Net N transport was higher in the summer and
lower in the spring of 1998. The simulation for 1998-1999 is in progress. N advected in and out the domain boundaries still need to
be quantified. The study results will provide a sense of upper and lower range of contributions of regional and imported N sources
over the Pacific Northwest during a strong ENSO event.


Nguyen T, Adam J tung.nguyen@wsu.edu The role of watershed properties in
governing headwater catchment
recharge and streamflow response to
climate change


Headwater catchments are important sources of surface water supply, groundwater recharge and, thus, groundwater supply for
agricultural activities in the Yakima River Basin (YRB, one of the most important agricultural basins in the western U.S). These
catchments are, however, vulnerable to projected climate change in future decades, particularly if their runoff is dominated by
snowmelt. The goal of this study is to assess the potential impacts of climate change on the temporal and spatial distributions of
groundwater recharge and streamflow in three headwater catchments in the YRB. A Regional Hydro-Ecologic Simulation System
(RHESSys) is calibrated and evaluated with a global optimization tool (Covariance Matrix Adaptation Evolution Strategy - CMA-ES)
using 27 years of observation data from 1979 to 2005. Statistically downscaled climate projections for the 2050s from eight global
climate models driven by two different representative concentration pathways, RCP4.5 and RCP8.5 are used to predict future
hydrologic changes. Our preliminary results show an increase in annual recharge between 2% and 13%, as well as in streamflow
between 1% and 17%. Seasonal changes of recharge and streamflow are more pronounced with an increase up to 210% in winters
and a decrease as high as 60% in summers in the 2050s. Both recharge and streamflow projections indicate timing shifts in all three
catchments. The outcome from this study will be an integral part of a future study which investigates the impacts of climate change
on surface water vulnerability due to supplemental pumping, potential recharge changes and related surface-groundwater
interactions in the YRB using an integrated modeling approach that consists of three models: RHESSys, a groundwater model
(MODFLOW) and a river and reservoir management model (RiverWare).







Ortega A, Fremier A alineorteg@gmail.com Monitoring carbon processing in
streams to quantify and map ecosystem
services


Recent research shows that inland waters play an active part in the global C cycle and that carbon efflux to the atmosphere from
these systems is higher than previously thought. Although streams represent a small fraction of the area occupied by land, in-stream
carbon processing (aka. stream metabolism), influences atmospheric carbon and is essential for sustaining ecosystem health. Yet, for
the most part, stream metabolism has yet to be fully considered an ecosystem service. Carbon processing rates in streams are
influenced by a variety of factors but riparian forest condition exerts an overriding control. By linking carbon processing with riparian
cover, we link the ecosystem process to a mappable unit. We use data from a small tropical watershed in central Costa Rica to
illustrate how riparian cover in agricultural lands significantly influence stream metabolism. Specifically, we (1) consider carbon
processing in streams as an ecosystem service, (2) introduce stream metabolism as a quantitative measure of the supply of the
service, and (3) argue that riparian forest cover should be used in payment of ecosystem service schemes to incorporate instream
carbon processing for both diversity conservation and climate mitigation goals.


Parker L, Abatzoglou J lparker@uidaho.edu Using the MaxEnt in estimating the
climatological niche for perennial
agriculture


Although widely used in the ecological community, species distribution models (SDMs) are less common in agricultural research.
Recent research suggests that empirical models can provide accurate crop distribution and yield results, however existing research
has only addressed annual crops. Using cultivar locations from the 2014 USDA Cropland Data Layer, and climatological predictors
derived from 20 CMIP5 global climate models over the period 1971 – 2000, we develop a niche model for the perennial crop Prunus
dulcis (almond) using maximum entropy modeling. We utilize Princeton University’s maximum entropy modeling software, MaxEnt,
we highlight those variables with high relative contribution to modeling species presence, and we map the probability of almond
presence across the western United States. Our results suggest that while almonds may be commercially cultivated almost
exclusively in California, other locations in the western United States are thermally suitable for their survival and under climate
change the species niche may grow.


Rabbani G golam.rabbani@wsu.edu Estimate Crop Coefficient for a
Deciduous Tree using WEPP and
Observe the Impact of Forest Cutting on
Different Types of Forest


Evapotranspiration (ET) and crop coefficient are considered as one of the most dynamic issues of complex forest hydrology. In order
to gather clear idea regarding water yield of a forest system, having clear concept of ET and crop coefficient for different forest
species of variable ages has no alternative. One of the primary objective of this study is to find out probable crop coefficient for a
deciduous tree with a known ET by using WEPP (Water Erosion Prediction Project) model and also observe the impact of forest
cutting on different types of forest. Firstly, a forest environment was created in WEPP following a literature in order to simulate
probable crop coefficient for intermediate hardwood (IHW) tree of 17 years old which is a deciduous tree. It has been found that the
simulated crop coefficient for IHW is around 0.70. In order to observe impact of cutting on different types of forest, a database of
forest cutting consisting of 114 catchments have been documented which are exposed to logging. This database is then categorized
depending on the forest types. For coniferous forest extent of forest cutting and mean precipitation have shown significant trend
with increased average water yield (R2 value 0.42 and 0.36 respectively). Whereas for deciduous and mixed forest no significant
trend have been observed.
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kirti.rajagopalan@gmail.com Impacts of climate change on irrigated
agriculture in the Columbia River basin.


Irrigated agriculture is impacted by climate change both directly and indirectly. Warmer temperatures and elevated CO2 levels
directly impact the plant growth cycle and potential crop yields. In addition to this, indirect effects include factors such as changes in
water availability for irrigation, particularly in snowmelt dominated regions. This is especially relevant in regions that exercise
irrigation water rights curtailment in times of shortages, e.g., to maintain environmental flows. The relative magnitudes and
directions of both the direct and indirect effects will determine the net impact climate change on agricultural production in such
regions. We examine the indirect impacts of climate change in the 2030s on irrigated agricultural production in the Washington
state part of the Columbia River basin, using a coupled crop-hydrology model in conjunction with a water management model that
includes an approximation of water rights curtailment in the region. The indirect effects are also considered relative to the direct
impacts of climate change on agricultural production. Results indicate that although future curtailment rates are expected to be
higher than historical conditions, the effects of curtailment on crop yields are not correspondingly larger in the future. Impacts are
crop dependent and depend on the timing of curtailment in relation to crop growth stage. Earlier onset of crops and accelerated
growing degree day accumulation under warmer future climate alter the crop growth cycle leading to interesting impacts of
curtailment on agricultural production.


Reyes JJ, Adam JC, Tague
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julianjonreyes@gmail.com Assessing environmental controls on
biomass in grasslands using an eco-
hydrologic model


Grasses in rangeland ecosystems support livestock for agricultural production and provide a variety of ecosystem services. The
allocation of carbon (C) between aboveground and belowground plant compartments is influenced by vegetation characteristics and
environmental conditions. For grasses, accurate representation of C allocation can inform potential C storage and/or forage
production under changing climate and management conditions. The objectives of this study are to (1) examine the sensitivity of
biomass to uncertainty across soil drainage, ecophysiological, and allocation parameters, and (2) assess the sensitivity of biomass
under different climatic conditions given parameter uncertainty. For this, we use the Regional Hydro-ecologic Simulation System
(RHESSys), a physically-based model that simulates coupled water and biogeochemical processes. A Latin Hypercube Sampling
approach is used to determine potential parameter sets across the aforementioned variables. Then, ranked partial correlation
coefficients (RPCCs) are calculated for our grassland sites representing different climate regimes. RPCCs are used to examine
biomass sensitivity to vegetation characteristics, soil drainage, and allocation parameters. Historical precipitation and temperature
data are incrementally changed to simulate climatic change (i.e. warmer and/or wetter conditions). The assessment of parameter
sensitivity using RPCCs is repeated under these perturbed conditions, along with biomass sensitivity to these climatic changes. Using
RHESSys, we found distinct relationships among simulated biomass (both above and belowground) and different parameters
representing eco-hydrologic processes. Parameters controlling C allocation were ranked in the upper quartile of RPCCs for both
aboveground and belowground biomass across all grassland sites. This suggests that variation in allocation strategies can have
substantial impacts on grassland biomass at our study sites. While simulating potential climatic changes, we found differential
responses across sites. Biomass was more sensitive to changes in precipitation than temperature at arid sites. Large changes in
minimum temperatures increased biomass sensitivity at the cooler grassland sites, while warmer sites responded with slightly
smaller increases. Given the uncertainty in parameters that are used to develop our models, this work increases scientific knowledge
on how biomass sensitivity may change under future environmental conditions. Improving our understanding of allocation in grasses
can better inform sustainable management of our rangelands.
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julianjonreyes@gmail.com Integrated Response of Grassland
Biomass Along Co-varying Gradients of
Climate and Grazing Management Using
an Eco-hydrologic Model


Grasses in rangeland ecosystems cover a large portion of the contiguous United States and are used to support the production of
livestock. These grasslands experience a wide range of precipitation and temperature regimes, as well as management activities like
grazing. Assessing the coupled sensitivity of biomass to both climatic change and human activities is important to decision makers to
ensure the sustainable management of their lands. The objective of this study is to examine the sensitivity of biomass under co-
varying conditions of climate and grazing management. For this, we used the Regional Hydro-ecologic Simulation System (RHESSys),
a physically-based model that simulates coupled water and biogeochemical processes. We simulated dominant grass species located
in major climate zones. Historical precipitation and temperature data were incrementally perturbed to simulate climatic change (i.e.
warmer and/or wetter conditions). Similarly, we perturbed historical grazing patterns to mimic possible changes in management.
Changes in climate or grazing management alone produced shifts in the sensitivity of grassland biomass. However, co-varying
climate conditions (temperature and precipitation) with either grazing intensity, frequency, or duration revealed different biomass
responses. For example, some changes in grazing duration could be mediated by changes in climate. Effects of high intensity grazing
could be buffered depending on the duration or timing of grazing (i.e. start and end date). This research employs process-based
modeling with simple, incremental changes in both climate and grazing management. By doing so, we can provide information that
is useful for land managers and ranchers for future planning.


Richey S sasha.richey@wsu.edu A Remote Sensing Analysis of Global
Groundwater Stress


Groundwater is the largest stock of accessible freshwater on Earth, providing a dominant water supply source for over 2 billion
people, but it is a finite resource if mismanaged. In order to manage a natural resource system, specifically a common pool resource
like groundwater, basic information about the system’s properties must be defined [Schlager et al., 1994]. This information can
include estimates of natural fluxes in and out, total stocks, and dominant demands on the system. Methods to measure these
factors for groundwater can be time intensive, costly, and challenging [McGuire et al, 2003; Konikow & Kendy, 2005; Shiklomanov,
2003], especially across the scale of a whole aquifer, which has resulted in minimal management of groundwater to date and a
tragedy-of-the-commons threat. This study quantifies the balance between groundwater use and groundwater availability, termed
“stress,” in the world’s 37 largest aquifers. In doing so, previous methods to estimate groundwater use and availability are revisited
and ultimately, redefined. Groundwater use is defined as depletion to encompass both the rate of use and the response of the
aquifer to human impacts (i.e. pumping) and natural variability (i.e. drought), both of which influence aquifer stress. Depletion is
estimated with remote sensing observations from the Gravity Recovery and Climate Experiment (GRACE) satellite mission [Tapley et
al., 2004].Groundwater availability is first defined as the renewable flux of recharge. Availability is then redefined as the total
volume of groundwater in storage to understand the timescales of aquifer depletion and the ability of storage to act as a buffer
against negative groundwater perturbations. Characteristic stress regimes are created to group aquifers based on the sign of use
(depleting or gaining) and the sign of renewable availability (recharging or losing). Anthropogenic biomes [Ellis & Ramankutty, 2008]
are used to better understand the driving factors behind different levels of stress in the aquifers. We find that current estimates of
total aquifer storage are inadequate to assess depletion timescales and the characterization of “stressed” aquifers is highly
dependent on how use and availability are defined. Overall, one third of the world’s largest aquifers are found to be highly stressed
and may or may not have available storage to buffer against continued use, most of which are in semi-arid/arid regions with large
cropland areas.
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Mixing zone hydrodynamics in a large
confluence: a case study of the Snake
and Clearwater Rivers confluence


Confluences are a basic component in all fluvial systems, which are often characterized by complex flow and sediment transport
patterns. Addressing confluences, however, started only recently in parallel with new advances of flow measurement tools and
computational techniques. A limited number of field studies exist investigating flow hydrodynamics through confluences,
particularly for large confluences with central zone widths of 100 m or greater.  Previous studies have indicated that the size of the
confluent rivers and the post-confluence zone may impact flow and sediment transport processes in the confluence zone, which
consequently could impact the biodiversity within the river network. This study presents the results of a field study conducted at the
confluence of the Snake and the Clearwater rivers near the towns of Clarkston, WA and Lewiston, ID (average width of 700 m at the
confluence center). This confluence supports many different and, sometimes, conflicting purposes including commercial navigation,
recreation, and fish and wildlife conservation. The confluence properties are affected by dredging operations carried out periodically
to maintain the minimum water depth required for safe flow conveyance and navigation purposes. Also, a levee system was
constructed on the confluence banks as an extra flood control measure. In the recent field work, an Acoustic Doppler Current
Profiler was used to measure water velocity profiles at cross sections in the confluence region. Fixed and moving vessel
measurements were taken at selected locations to evaluate both the spatial and temporal variation in velocity throughout the
confluence. The confluence bathymetry was surveyed with a multi-beam sonar to investigate existent bed morphological elements.
The results identify the velocity pattern in the mixing zone between the two rivers.
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Biomaterials for air filtration Biomaterial structures, such as various natural proteins, involve numerous active functional groups that can interact with multiple
types of toxic molecules existing in air. However, rare studies have been conducted using biomaterials for air filtration applications.
Proteins, an important class of natural polymeric biomaterials, possess numerous different active functional sites, which enable
them to be able to interact with different types of pollutants including toxic gaseous molecules in the air. Commercial air filter
cannot effectively purify the air from particles and chemicals simultaneously and disposing of used air filters causes further
environmental issues due to their synthetic nature. To help mitigate environmental problems, protein-based nanofabrics could play
an important role, which is successfully demonstrated in this study via fabricating nanofabrics from natural proteins using
electrospinning technique. By controlling the morphology and surface composition of ultrafine protein-based nanofibrics, through
employing a “green’ solvent, high efficiency multi-functional air filtering materials were achieved. The protein-based nanofabrics
have been demonstrated to efficiently purify the air from variety of particle matter (PM) with wide size ranges and toxic gas
chemicals simultaneously with possessing only ca. 1/50 the areal density of a commercial High Efficiency Air filter, HEPA. More
significantly, these multifunctional filtration capabilities are realized only by deploying the functional groups naturally existing inside
the protein molecules, instead of via adding any active carbon or nanoparticles. Besides the super high filtration efficiency of PM
with sizes from 0.3 to 10µm, the protein-based air filtering materials show very high removal efficiencies for toxic gases, such as
formaldehyde (HCHO) and carbon monoxide (CO). These protein-based air filtering materials proved that effectively combining
nanotechnology and biomaterials can provide a promising break-through for next-generation air filtering systems.
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Fire Activity and Climate Change Fire activity, in terms of intensity, frequency, and total area burned, is expected to increase with changing climate. A challenge for
landscape level assessment of fire effects, termed burn severity, is that current assessments provide very little information regarding
vegetation physiological performance and recovery, limiting our understanding of fire effects on ecosystem services such as carbon
storage/cycling. An alternative pathway to evaluate fire severity that bridges fire combustion dynamics and ecophysiology via dose-
response experiments is presented. We provide an illustrative example from a controlled nursery-combustion laboratory
experiment. In this example, severity is defined through changes in physiological processes, including the ability of the plant to
assimilate carbon at the leaf level. We also explore changes in the several spectral indices common to vegetation stress and burn
severity research. These data will serve as the groundwork for the development of a spatial severity model that can either predict
fire effects using observed or modeled energy release from field or remotely sensed data (e.g. MODIS Active Fire Product), or
characterize fire effects using post-fire remotely sensed data (e.g. Landsat 8 Operational Land Imager).


Thornton M, Beall-King A melanie.thornton@wsu.edu Collaborative Modeling in the Spokane
River Basin: Engaging Stakeholders to
Explore Basin-wide Water Management
Strategies


Complex issues related to climate change cannot be understood from a single disciplinary perspective, thus collaboration among
diverse perspectives is essential for addressing regional water resource management strategies. The Spokane River Basin is a sub-
basin of the Columbia River that spans the state line between northwestern Idaho and northeastern Washington. Management of
this basin is complex because of interstate, multi-jurisdictional responsibilities and the dynamic interaction between groundwater
and surface water. This research focuses on a collaborative modeling project in the Spokane River Basin that will allow stakeholders
and scientists to jointly address key issues related to regional water resource decisions and climate change. This ongoing
collaborative modeling process works iteratively with stakeholders in the region to create a user-friendly model of issues relevant to
their water management systems. We developed a collaborative hydrologic model, based in OASIS software that integrates
technical scientific information and historical data with local knowledge and interests to explore basin-wide management strategies.
OASIS uses a fully configurable linear programming solver to simulate water routing and is designed to optimize system performance
based on user-defined goals and constraints. Policy-relevant scenarios, which include different integrated water resource
management alternatives, were developed with stakeholders to address issues related to low streamflow, and future water supply
and demand. Collaborative modeling provides an integrated process for making water allocation and water use decisions in the
basin, which allows for a more holistic and integrated water resources management strategy. Collaborative modeling sessions
enabled stakeholders to explore different water management alternatives and evaluate management strategies that best suit the
needs and interests of the entire basin. Model results and scenario evaluations will be presented. This participatory process aims to
better understand how water resource decisions may change in the context of climate change.


Ward NK, Maureira F,
Brooks E, Yourek M,
Stockle C


nicole.ward@wsu.edu CropSyst-Microbasin model as a tool to
inform variable-rate nitrogen
management and dryland farm
profitability


Precision fertilizer management is a promising method to maintain high agricultural yields while using less fertilizer inputs in the
highly heterogeneous Palouse region. This study assessed the use of CropSyst-Microbasin at a tool to inform fertilizer management
practices. A highly-instrumented field site was used to parameterize CropSyst-Microbasin; the model accurately simulated spatial
and temporal changes in soil water content, total surface runoff, and average crop yield. Fertilizer management scenarios were
conducted with an analysis of total nitrogen loss, crop yield, and farm profitability. Simulated yields were analyzed with local costs of
production and varying crop, fertilizer, and fuel costs to examine the sensitivity of profitable fertilizer management to varying
market conditions. Hillslope scenarios demonstrate the capacity of CropSyst-Microbasin to simulate the contribution of lateral
redistribution of nitrogen to down-slope yields. Field catchment (roughly 10 hectare) simulations demonstrate the unique capacity
of CropSyst-Microbasin to simulate agricultural production on highly heterogeneous landscapes, capturing spatial and temporal
variability. Simulations and field sites were examined in conjunction with other types of production measurements, such as NDRE-
based N uptake predictions, to explore field-scale spatial and temporal drivers of production and risk to inform precision fertilizer
management on the Palouse.


Williams J, Beutel M,
Nurse A, Moore B,
Hampton S, Saros J


jason.williams2@wsu.edu Phytoplankton Responses to Nitrogen
Enrichment in High Elevation Lakes at
Mount Rainier, North Cascades, and
Olympic National Parks


Limited information is available about threshold lake nitrogen concentrations necessary to stimulate phytoplankton species and
biomass responses in remote nitrogen-limited mountain lakes. We conducted in situ enrichment bioassays in mountain lakes within
Mount Rainier, North Cascades, and Olympic National Parks in Washington State, USA to characterize phytoplankton species and
biomass responses to nitrogen enrichment, and associated nitrogen concentration thresholds. Based on biomass and growth
measurements, phytoplankton were nitrogen-limited or co-limited by nitrogen and phosphorus in the nine bioassay lakes. We
identified 20 taxa that responded to nitrogen enrichment, and estimated response thresholds using nitrogen Monod growth
parameters for 18 of these taxa. We estimated dissolved inorganic nitrogen concentration thresholds for any increase in chlorophyll
a (13 μg N L-1) and for an increase beyond typical inter-annual chlorophyll a variation (25 μg N L-1) in nitrogen-limited lakes. We
then compared experimentally-defined nitrogen concentration thresholds for species and biomass changes to nitrogen
concentrations observed in park mountain lakes to infer lake sensitivity to atmospheric nitrogen deposition. Approximately 75% of
sampled mountain lakes in the parks have summer dissolved inorganic nitrogen concentrations below biomass response thresholds.
This finding suggests phytoplankton in park mountain lakes are likely sensitive to future deposition-induced lake nitrogen
enrichment.


Xin J, Guo X, Qin J, Zhang
P, Wolcott MP, Zhang J


junna.xin@wsu.edu Application development of lignin in
valuable engineering polymers via mild
thermochemical and mechanochemical
process


Lignin was fully studied to be used in thermosetting polymers and PLA blends because of its characteristic aromatic structure and all
kinds of hydroxyl groups. In order to improve the compatibility of lignin in polymer application, the lignin was firstly partially
depolymerized via hydrogenolysis and base-catalyzed approaches under mild conditions. The effects of various reaction parameters
on yield of depolymerization were investigated. The partial depolymerized lignins (PDL) were low molecular weight oligomers with
increased hydroxyl value. PDL displayed greatly enhanced solubility in organic solvents and was further used to synthesize lignin
based epoxy monomers and polycarboxylic acid curing agents. Results showed that the epoxy resin derived from PDL based epoxy
monomers or curing agent cured with appropriate partners exhibited good mechanical and thermal properties. Lignin based epoxy
resin was also utilized to modify asphalt to prepare epoxy asphalt with high performance. On the other hand, a solvent free method:
mechanochemical approach was involved to degrade lignin and depolymerized lignin was simutaneously reacted with methyl oleate
via transesterification reaction in one ball milling process. The oleated lignins blended with PLA and the properties of the blends
could be greatly regulated by adjusting the content of oleated lignins. A novel hydrogel material based on the crosslinked copolymer
of lignosulfonate and PEGDGE was investigated. It was noted when amino groups were introduced into lignosulfonate structure, the
resulting hydrogels exhibited greatly improved swelling capacity.







Zhao M, Boll J, Brooks ES mengqi.zhao@wsu.edu Modeling of Forest Land Use Changes
with Soil Moisture Routing Model in
Mica Creek Watershed in North Idaho


Quantifying the hydrological impacts of land use and land cover change on hydrologic dynamics is still challenging for hydrologists.
Various disturbances in forested watersheds change the pattern of runoff generation, snow accumulation and melt,
evapotranspiration, soil moisture, water movement and other hydrologic processes which increase the difficulties and uncertainties
in forest management. Under these circumstances, a hydrologic model based on physical reality is an effective way to detect the
potential changes aroused by land use and land cover change. In this study, we use the Soil Moisture Routing (SMR) model, a
geographic information system (GIS) based distributed model, in the Mica Creek Experimental Watershed (MCEW) to understand
and quantify long-term land use and land cover changes on hydrologic dynamics and microenvironment. The SMR model represents
landscape characteristics using physically-based parameters. The 28 km2 MCEW has a nested study design and allows for the
analysis of cumulative effects of road building, tree harvesting as well as the traditional comparison of treatment versus control. We
are using an abundant data set for seven watershed locations in the MCEW under different treatments since 1991. The poster will
describe the data set, the treatments employed and will show preliminary modeling results. By simulating the hydrologic processes
and analyzing the differences of model parameters under various treatments, our findings show impacts of forest management on
surface and groundwater hydrology at the watershed scale.


Dobre M, Brooks ES,
Elliot WJ, Frankenberger
JR


mdobre@uidaho.edu Development of a WEPP online
watershed interface to predict effects of
watershed management on runoff, and
sediment and phosphorus delivery in
the Lake Tahoe Basin


Forest and land managers need hydrologic models to evaluate the effects of different management practices on both water quantity
and quality. Such tools exist, however, their applicability is limited by the user’s proficiency in using the models, availability of data
for the interest region, and the time required to download the data and set up the necessary input files. We enhanced an online GIS
interface to the process-based Water Erosion Prediction Project (WEPP) model with input files developed specifically for the Lake
Tahoe Basin. To run simulations of surface runoff and erosion, users only need an internet connection and minimum information
about the location of interest. The interface remotely accesses national databases to download USGS 30-m National Elevation Data,
USGS topographical maps, USGS land cover and NRCS soil data specific for the study area, and uses additional data and algorithms
stored on a server to automatically create all the model input files. Users can choose between hourly and daily historical and future
climate files developed for eight major SNOTEL stations within the Basin. The model allows users to assess the long-term effects of
forest management practices on runoff and erosion from specific hillslopes and at the watershed outlet. Consistent with the current
efforts in the Basin to reduce phosphorus transport to the Lake, our recent improvements to the model have focused on enhancing
the interface with a phosphorus component that allows users to evaluate the effect of forest managements on phosphorus delivery
to the lake.


K. Malek, J.  Adam, C.
Stockle, M. Brady


keyvanmalek@gmail.com When should irrigators invest in
more water-efficient technologies as
an adaptation to climate change?


The western US is expected to experience more frequent droughts with higher magnitudes and   persistence due to the
climate change, with potentially large impacts on agricultural productivity and the economy. Irrigated farmers have many
options for minimizing drought impacts including changing crops, engaging in water markets, and switching irrigation
technologies. Switching to more efficient irrigation technologies, which increase water availability in the crop root zone,
receives significant attention because of the promise of maintaining current production with less water. However, more
efficient irrigation systems are almost always more capital-intensive adaptation strategy particularly compared to changing
crops or trading water.  A farmer’s decision to switch will depend on how much money they project to save from reducing
drought damages. The objective of this study is to explore when (and under what climate change scenarios) it makes
sense economically for farmers to invest in a new irrigation system. This study was performed over the Yakima River
Basin (YRB) in Washington State, although the tools and information gained from this study are transferable to other
watersheds in the western US. We used VIC-CropSyst, a large-scale grid-based modeling framework that simulates
hydrological processes while mechanistically capturing crop water use, growth and development.  The water flows
simulated by VIC-CropSyst were used to run the RiverWare river system and water management model (YAK-RW), which
simulates river processes and calculates regional water availability for agricultural use each day. An automated
computational platform has been developed and programed to perform the economic analysis for each grid cell, crop
types and future climate projections separately, which allows us to explore whether or not implementing a new irrigation
system is economically viable. Results of this study indicate that climate change could justify the investment in new
irrigation systems during this century, but the timing of a farmer’s response is likely to depend on a variety of factors,
including changes in the frequency and magnitude of drought events. Other important factors affecting costs and benefits
of implementing new irrigation systems are current irrigation systems, climatological characteristics within the basin, and
crop type.



mailto:mdobre@uidaho.edu



		3-BioEarth Poster List

		4-BioEarth Poster Abstracts






BioEarth All Hand Meeting, Stakeholder Engagement Session 
Friday Feb. 26, 2016 
 


What, When & 
Where 


BioEarth 
Researchers 
Present 


Stakeholders Present  “Take‐aways” about what stakeholders want 


Carbon and 
Nitrogen 
Management 
February 2013 
Seattle 


Serena, 
Dave, Jenny, 
Liz, Chad, 
John H., 
Chad, Fok, 
Andy, 
Jennie, 
Georgine 


ODA, WORC, OSU, UI and WSU 
Forestry and Tribal Liaison 
Extension, diversified irrigated 
farmer, EPA, County 
Conservation District, WSDA, 
NRCS, WA DNR, SEI, Climate 
Solutions, McGregor, Soc. Am. 
Foresters, NPS, American 
Farmland Trust 


Compare beneficial uses of incentive dollars, address 
how forest thinning affects C storage, model impacts of 
fertilizer tax and fertilizer price fluctuations, test impacts 
of aggressive climate mitigation, model impacts of 
biomass‐based energy on nutrients in waterways, 
incorporate land use change 


Water Supply 
February 2013 
Seattle 


Serena, 
Dave, Jenny, 
Liz, Chad, 
Chad, Fok, 
Andy, 
Jennie, 
Georgine, 
Mike 


ODA, OSU and UI and WSU 
Forestry and Tribal Liaison 
Extension, producer, EPA, 
Whatcom Conservation 
District, WSDA, NRCS, WA 
DNR, Climate Solutions, Soc. 
Am. Foresters, NPS, American 
Farmland Trust, American 
Rivers 


Model how development of water markets would affect 
availability for irrigation, municipal use and instream 
flows, compare different energy scenarios, look explicitly 
at streamflow impact on salmonids under climate 
change, model impacts of increasing efficiency in 
irrigation systems and distribution 


Rangeland 
Management 
February 2013 
Richland 
 


Justin, 
Julian, 
Jenny, Liz, 
Chad, 
Jennie, 
Georgine 


UI ARS, Holistic management 
ranchers (Managing Change 
NW), BLM, UI and WSU 
Extension, WA DNR 


Look at erosion linked to timing and amount of 
precipitation, forage quality impacts, invasive species 
ranges, impacts of different kinds of grazing, changing 
stocking rates and turn‐out dates, effects of riparian 
protection policies, changing hay process, vegetation 
interactions in forested rangelands 


Atmospheric 
Issues/ Air 
Quality 
February 2014 
Seattle 


Georgine, 
Liz, Chad, 
Jennie, 
Jason 
Williams, 
Serena*, 
Dave*, 
Brian*, 
Justin*, Joe* 


OR and ID DEQ, NPS, regional 
Clean Air Agencies, EPA, 
Conservation District, Nez 
Perce Tribe, 3TIER renewable 
energy, WA Ecology, WSU 
Dryland Research Station, 
Idaho Division of Public Health 


Develop tools to understand air quality impacts on 
human health, look at impacts of changing regulatory 
limits, incorporate pollutant transport from Asia, capture 
sources and formation of ultrafine particulate matter, 
model impacts of biofuel production on air quality, 
consider unintended consequences of anaerobic digester 
systems 


Forest 
Management 
June 2014 
Olympia 


Elizabeth 
Garcia, 
Sarah, Liz, 
Chad, Andy, 
Georgine 


WA DNR, UI and WSU 
Extension, WA State Rep., 
small and mid‐size family 
foresters, WA Ecology, WA 
DNR, NRCS, Climate Solutions, 
EPA, USFS 


Model impacts of longer summer drought, changing 
storm intensity, changing wildfire regimes, pest and 
disease pressures, parcelization and changing land use, 
impacts of thinning on fires, water catchment, potential 
for ecosystem services markets, impacts of policies to 
bring back small mills, look explicitly at how climate 
change will affect species ranges 


Water Quality 
March 2015 
Vancouver 


Jenny, Liz, 
Will, John 
H., Chad, 
Tung, Min 


USGS, Freshwater Trust, EPA, 
WSDA, Conservation District, 
Wild Fish Conservancy 
Northwest, Lower Columbia 
River Estuary Partnership, 
Columbia River Inter‐Tribal Fish 
Commission, Clean Water 
Services, OR DEQ, EPA, 
Willamette Partnership 


Look at interactions between water supply and quality, 
model P and N loading under different land use futures, 
model impacts of temperature changes on native 
species, effects of changing precipitation patterns on 
erosion, changing fertilizer application practices, 
consider impacts of comprehensive agricultural practices 
act, consider changing consumer demand, test impacts 
of reductions in food waste on nutrient loading 


 
 







BioEarth All Hand Meeting, Stakeholder Engagement Session 
Friday Feb. 26, 2016 
 


TOP 10 STAKEHOLDERS’ INFORMATION NEEDS WE MAY BE ABLE TO ADDRESS 
How close are we to providing answers around these questions? What did we leave out? 
Who is working on these questions? Who are the primary stakeholders for each question? 
 
1. How might changes in irrigation efficiency impact downstream water availability? What are the direct crop‐level impacts of 


changing irrigation technology? How would land‐atmosphere feedbacks in agricultural systems change under climate 
change and changing irrigation regimes? 


 
2. How could development of water markets affect water availability for agriculture? Instream flows? 
 
3. How would forest thinning, changes in harvest cycles or changes in land use impact C sequestration?  How might thinning 


impact snowpack, soil moisture and wildfire dynamics? (Underlying question relates to understanding regional C storage 
potential.) 


 
4. What are the impacts of transitioning to no tillage systems (or reduced tillage) on C storage in agricultural soils? Is there a 


potential to coordinate with REACCH RAPS scenarios to look at environmental and economic impacts of changing 
agricultural management practices? 


 
5. Define metrics for identifying vulnerable ecosystems (Above ground biomass? N concentration/ Forage quality? Soil 


quality?) Identify where vulnerable zones occur in the region.  
 
6. How will climate change impact crop yields? Producers and industry stakeholders consider accounting for new crop 


varieties/ genetic development to be critically important. (One idea is to assume 2% improvement per year because of 
variety development?) 


 
7. How would transitioning to greater use of cover crops affect soil quality? For example, consider mustard green manures in 


vegetable production (which is currently being used on more acres than onion production).  Are there unintended 
consequences of using cover crops that use N and have water requirements in irrigated systems at a high‐demand time of 
year? 


 
8. How would precision N application technology impact nutrient runoff? How would changing crop mixtures affect the 


timing and amount of N application? How would changes in State‐level agricultural policies affect fertilizer use? How 
would changes in laws concerning riparian buffers affect agricultural runoff? How would this affect N and P loading in 
waterways? 


 
9. How will future N deposition affect species diversity in high alpine ecosystems? What can models tell us about the sources 


of atmospheric N deposition? 
 
10. How will conversion of forestlands and croplands to urban/ suburban uses affect vegetation, soil quality, and water 


resources? How might development, global and regional policies, social changes and economic conditions affect consumer 
demand? How will regional agriculture change in response to consumer demands for local produce and grass fed beef, for 
example? 


 
 
Across‐the‐board recommendation: 
Many stakeholders expressed strong interest model outputs that quantify the likelihood of future environmental changes. 
Where it is possible, we should seek to can communicate confidence intervals and present ranges of possible futures 
graphically. Approaches such as displaying a "most likely scenario" in combination with the 20th percentile and 80th percentile 
scenarios would be logical and intelligible for most resource management‐savvy stakeholders. We should make an effort to 
share initial results with stakeholders and get feedback on how data is presented. The better we communicate uncertainties‐‐ 
through graphs and visuals and in written and spoken communication‐‐ the more relevant and "trustworthy" results will be for 
stakeholders. 
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Stakeholder Engagement in 
BioEarth Planning for the year ahead 


and the project’s legacy







+


Overview of  issue-based workshops


Topic Date Location


Carbon and Nitrogen 
Management


February 2013 Seattle


Water Supply February 2013 Seattle


Rangeland Management February 2014 Richland


Atmospheric Issues February 2014 Seattle


Forest Management June 2014 Olympia


Water Quality March 2015 Vancouver







+
How we’ve used stakeholders’ 
feedback so far:


Workshop summary reports– available on website. Share 
with colleagues!


 Paper (in review) about regional natural resource 
managers’ information needs


 Spreadsheet of  priority recommendations from 
stakeholders


Documenting support for future projects


Many researchers have met with stakeholders who 
learned about this project through workshop invitations







+


Input from decision makers is 
key to informing the 
assumptions we build into 
models, scenarios we test 
and spatial scales and 
time horizons at which we 
provide outputs.







+
What do we hope to achieve next?


What content do we want to communicate to a 
broader audience?
Adapting findings for diverse stakeholders


Mechanisms for communicating:
Webinars (Focus on students’ research questions?)


 Integrative workshops (N budget focus? Unintended 
consequences theme?)


 Factsheets (e.g. effects of  thinning on forest C storage? 
Climate change impacts on habitat suitability?)


Blog posts? www.AgClimate.net



http://www.AgClimate.net
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Abstract As managers of agricultural and natural resources are confronted with uncertainties
in global change impacts, the complexities associated with the interconnected cycling of
nitrogen, carbon, and water present daunting management challenges. Existing models provide
detailed information on specific sub-systems (e.g., land, air, water, and economics). An
increasing awareness of the unintended consequences of management decisions resulting from
interconnectedness of these sub-systems, however, necessitates coupled regional earth system
models (EaSMs). Decision makers’ needs and priorities can be integrated into the model
design and development processes to enhance decision-making relevance and “usability” of
EaSMs. BioEarth is a research initiative currently under development with a focus on the U.S.
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Pacific Northwest region that explores the coupling of multiple stand-alone EaSMs to generate
usable information for resource decision-making. Direct engagement between model devel-
opers and non-academic stakeholders involved in resource and environmental management
decisions throughout the model development process is a critical component of this effort.
BioEarth utilizes a bottom-up approach for its land surface model that preserves fine spatial-
scale sensitivities and lateral hydrologic connectivity, which makes it unique among many
regional EaSMs. This paper describes the BioEarth initiative and highlights opportunities and
challenges associated with coupling multiple stand-alone models to generate usable informa-
tion for agricultural and natural resource decision-making.


1 Introduction


The underutilization of climate science information for decision making is increasingly being
acknowledged (Weaver et al. 2013). Different types of research projects are emerging that are
designed to close the gap between climate science information that is deemed useable by
scientists versus that by non-academic societal actors (Lemos et al. 2012). Societal actors
involved in agricultural and natural resource decision-making are confronted with uncertainties
in global change impacts and the interconnected challenges of managing nitrogen (N), carbon
(C), and water (H2O). However, most climate change impact work relies on models that only
simulate specific sub-systems (e.g., land, air, or water). The interconnectedness of these systems
is often poorly understood and difficult to conceptualize; thus resource management decisions
made with the best intentions can lead to unintended consequences. To better understand
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interconnections among sub-systems, coupled earth system models (EaSMs) are essential. To
enhance decision-making relevance and usability of existing and developing EaSMs, these
models need to be capable of quantifying the impacts of specific management practices such
that model outputs can be communicated in a manner that is relevant to decision-makers.


EaSMs have evolved in recent years by incorporation of biogeochemical processes and
vegetation dynamics in climate models (Washington et al. 2009). Currently, many EaSMs are
being further developed to resolve coupled human and natural systems (CHANS), including
representation of resource management activities. Examples include the Community Earth System
Model (CESM; www2.cesm.ucar.edu) and the Platform for Regional Integrated Modeling and
Analysis (PRIMA; Kraucunas et al. 2013). CAM-chem, the Community Atmosphere Model
(CAM) in CESM, has been developed to study the interactions between climate and atmospheric
chemistry, thus allowing for the analysis of the impact of climate change on air quality (Lamarque
et al. 2012). The Community Land Model (CLM) (Lawrence et al. 2011), the land surface model
for CESM, has recently been developed to represent some agricultural and water management
activities (e.g., Drewniak et al. 2013). Including economic decisionmaking in EaSMs is starting to
emerge; computable partial and general equilibrium models (CGE) and, increasingly, agent-based
models (ABM) have been connected to biophysical models (Harou et al. 2009; Rowan et al. 2011)
allowing for better representation of CHANS when captured in an EaSM framework.


Although tremendous progress is being made towards resolving resource management activ-
ities in integrated models, funding and decision-making agencies (e.g., the U.S. Department of
Agriculture) as well as scientists (e.g., Reid et al. 2010) are calling for additional advancements to
quantify impacts on and feedbacks from ecological, agricultural, and other human systems; and
effectively communicate model results for informing decisions. Resolving EaSMs at finer spatial
and temporal scales is instrumental to making these advancements (Liu et al. 2007). Regional
EaSMs have greater potential than those at global scales to improve both the technical under-
standing of complex interconnected environmental processes (including the role that humans play
in these processes) and the relevance of information for decision-making (Giorgi 1995; Hibbard
and Janetos 2013). For relevance to land-use decision-making, annual to decadal time-scales are
critical (Smith et al. 2011). Annual variability is important to capture because certainmanagement
decisions (e.g., planting decisions) are made at this scale, and managers must cope with changes
in variability as well as changes in means (Katz and Brown 1992). Other decisions are made at
decadal scales; farm-level irrigation infrastructure and machinery generally have investment pay-
back periods of about a decade, and perennial crops have an investment term of 3–30 years.Many
U.S. state planning agencies operate on a 20-year time horizon.


BioEarth is a research initiative currently under development that is designed to explore the
coupling of multiple stand-alone models within a modular EaSM framework to generate usable
information for agricultural and natural resource decision-making at the regional scale. This
framework integrates atmospheric, terrestrial, aquatic, and economic models. BioEarth utilizes a
bottom-up approach for its land surfacemodel that preserves relatively fine spatial-scale sensitivities
and lateral hydrologic connectivity, which makes it unique among many regional EaSMs. Our
economics modeling utilizes a two-pronged approach that allows for both rich economic analysis
through CGE and a more integrated biophysical-economic approach through the spatially-explicit
ABM, which also allows for consideration of non-economic information such as social norms.
Modeled decisions are sensitive to variability at multiple time-scales and are informed by feedback
provided by non-academic stakeholders. This project can benefit the broader scientific community
by supporting and informing other regional modeling efforts that seek to integrate sub-systems with
complex interconnections and produce useable climate science information to decision-makers. The
purpose of this paper is to provide a high-level overview of BioEarth; the results for focused
questions (pertaining to specific aspects of BioEarth) are forthcoming in other research articles.
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2 Overview of BioEarth


2.1 Project goal


The overarching goal of BioEarth is to improve understanding of the interactions between
coupled C:N:H2O dynamics and human actions at regional and decadal scales under global
change to 1) better understand the role that resource management actions have in impacting
earth system dynamics, and 2) inform resource managers about the consequences of their


Fig. 1 Map of the BioEarth domain within the PNWregion (purple rectangle) nested within the larger western U.S.
domain (red rectangle) for physical atmospheric (WRF model) and land surface processes only. The economic and
aquatic model components (streamflow routing, reservoirs, and nutrient export) are implemented only within the
CRB (black outline). The land cover data are a combination of sources, including the 2011 USDA Cropland Data
Layer and irrigation data from Ozdogan and Gutman (2008)
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decisions on the earth system, with a particular focus on quantifying uncertainties, environ-
mental feedbacks, and economic and environmental tradeoffs. BioEarth enables users to
quantify the impacts of human decisions on greenhouse gases and other atmospheric pollut-
ants, water quantity and quality, terrestrial ecosystem health, and economics through simulat-
ing the management of cropping systems (e.g., crop selection, irrigation, fertilization, and
residue management), forested ecosystems (e.g., thinning and restoration), rangeland ecosys-
tems (e.g., grazing and restoration), water supply management (e.g., reservoirs, water rights
curtailment, and water transfers), and air quality (e.g., regulation of emissions of pollutant and
pollutant precursors from cars, power plants, and industrial facilities). This information, when
combined with other more issue-specific decision-support tools and the constraints (e.g.,
economic, regulatory, or physical) and priorities of a decision-maker, allows for improved
decision-making.


2.2 Study domain


The BioEarth project focuses on the PNW region of the U.S. (Fig. 1). As the fourth largest
river in North America (as measured by flow), the Columbia River Basin (CRB) drains
complex topography within the Cascade and Rocky Mountain Ranges and from the Snake
River Plain. The region has extensive and diverse agricultural lands interspersed with heavily
populated urban areas and surrounded by largely untransformed ecosystems; these lands
provide a vast array of agricultural and natural resources. Much of the diversity in resources
is due to the large gradient in climate across the basin. Winter-dominated precipitation and cold
winters result in large seasonal storage of water in the snowpack, providing a natural reservoir
that supports summer water needs but that is vulnerable to warming (Mote et al. 2003). Storm
patterns are closely tied to the jet stream position and sensitive to long-term circulation
patterns, including the El Niño Southern Oscillation and the Pacific Decadal Oscillation.
These climate patterns affect temperature (Mote et al. 2003), precipitation (Wang et al.
2009), ecosystem exchange (Wharton et al. 2009), and forest fire regimes (Kitzberger et al.
2007). The PNW is also influenced by long-range import of air pollutants from Asia (Jaffe
et al. 1999). Global change is expected to impact ecosystems through warming, perturbations
to precipitation patterns, changes in extreme meteorological events, and increased transport
from Asian sources. Concurrent steady increases in human population are applying pressures
on natural resources with continued demand for environmental services. The sum of these
effects presents a complex array of uncertainties to public decision-makers struggling to
address all of these issues. The diversity of resources and complexity of issues in this region
make it an ideal test-bed for the BioEarth framework for eventual application over other
regions of the world.


3 The BioEarth modeling framework


3.1 Overview of framework


The BioEarth framework is developed via integration of existing model components; by
choosing among the most sophisticated models, the integrated modeling framework will
continually improve as each component develops. Each of the stand-alone models within
the framework is an open-source community model in continuous development, allowing the
BioEarth framework to benefit from the model development efforts of the larger scientific
community. This framework encompasses atmospheric, terrestrial, aquatic, and economic
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Fig. 2 Linkages between the atmospheric, terrestrial, aquatic, and economic components that comprise the
modular BioEarth framework. Descriptions of each of the stand-alone models are given in Table 1. Detailed here
are some of the variables that are passed between stand-alone models: T temperature, P precipitation,U,V,Wwind
speed components, Q water mixing ratio, R radiation, CCN cloud condensation nuclei, O3 ozone, NO3- nitrate,
NH4+ ammonium, Hg mercury, S sulfur, VOC volatile organic compounds, NOx NO + NO2 nitric oxide +
nitrogen dioxide, NH3 ammonia, N2O nitrous oxide, CO2 carbon dioxide, LAI leaf area index
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Table 1 Descriptions for each of the stand-alone models shown in Fig. 2


Earth system component Stand alone model Key references


Global climate: CCSM4 Community Climate System Model-4; Future WRF
simulations are driven by archived CCSM4 output
for the Intergovernmental Panel on Climate
Change’s Fifth Assessment Report.


(Gent et al. 2011)


Atmospheric chemistry: CMAQ The Community Multiscale Air Quality; CMAQ is a
photochemical transport model that is used to
simulate air quality and atmospheric deposition.
The model accounts for chemical interactions for
compounds in gas, aqueous, and aerosol phases
and is driven by meteorology, which governs
transport, deposition, and chemical reactions in the
atmosphere. CMAQ is implemented over the
PNW domain in Fig. 1.


(Byun and Schere
2006)


Meteorology: WRF Weather Research and Forecasting; WRF is a
mesoscale meteorological model that solves the
Navier–Stokes equation for atmospheric dynamics
and includes physics parameterizations to
represent short- and long-wave radiation, planetary
boundary layer, sub-grid eddy diffusion, convec-
tion, cloud microphysics, and land surface pro-
cesses. WRF is implemented over the western U.S.
domain (Fig. 1) at a spatial resolution of 12 km.


(Skamarock et al.
2008)


Macro-Scale land surface
hydrology: VIC


Variable Infiltration Capacity; VIC was developed for
large-scale land-atmosphere interaction water
quantity applications (1/16th - 2°), in which sub-
grid variability is based on statistical relationships.
VIC accounts for key moisture and energy fluxes
between the land surface and the atmosphere. VIC
is implemented over the western U.S. domain
(Fig. 1) at a spatial resolution of 12 km.


(Liang et al. 1994)


Cropland biogeochemistry and
dynamic vegetation:
CropSyst


Cropping Systems; CropSyst is a multi-crop model
that simulates soil water budgets, nutrient budgets,
C cycling, crop growth and yield, residue produc-
tion, and other parameters under user-defined
management options (including rotations, tillage,
fertilization, and irrigation scheduling).


(Stöckle et al. 2003)


Forest and grassland
ecohydrology and dynamic
vegetation: RHESSys


Regional Hydro-Ecologic Simulation System;
RHESSys is a mechanistic catchment-scale model
designed to simulate climate and land-use change
impacts on ecosystem C and nutrient cycling and
hydrology. RHESSys links well-established
models of vegetation growth, nutrient uptake, and
soil biogeochemistry with a fully-distributed hy-
drologic model that includes lateral surface and
subsurface hydrologic connectivity. RHESSys also
simulates resource competition between plant
species, and plant mortality.


(Tague and Band
2004)


Biogenic emissions: MEGAN Model of Emissions of Gases and Aerosols from
Nature; MEGAN is driven by land cover and
environmental conditions supplied by WRF and
the land surface models, and provides biogenic
emissions as inputs to CMAQ.


(Guenther et al.
2012)


Water management: ColSim Columbia River Simulation Model; ColSim considers
the physical characteristics of the CRB water
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model components with varying levels of integration (Fig. 2). Regional economic analysis is
linked to the terrestrial and aquatic components; the circular arrows in Fig. 2 represent CHANS
feedbacks. Exogenous to the BioEarth framework are water regulatory institutions and other
environmental policies. Description (and acronym expansion) for each of these stand-alone
models is provided in Table 1; economic models are described in Section 3.6.


3.2 Overview of coupling and integration strategy


Varying levels of integration from one-way (a.k.a., “offline”) to two-way (a.k.a., “online” or
“full”) coupling exist in this framework. The atmospheric and terrestrial models can either be
linked offline or fully-coupled at 30- to 60-min time-steps. Many of the other components are
coupled at longer time-steps (e.g., water rights curtailment decisions occur weekly). The
Kepler scientific workflow toolkit (kepler-project.org) is utilized for implementing and auto-
mating BioEarth workflows.


BioEarth has a modular/flexible framework and is designed such that only some of the
components may be utilized for the specific research question under investigation; e.g., for a
question involving quantification of the impacts of water scarcity on irrigated agriculture
without considering atmospheric feedbacks, the interactions between land surface processes,
reservoir operations, and interruption of water rights can be simulated without tight coupling to
atmospheric models. In determining which components to include, our goal is to match the
level of model integration to the interconnectivity of the decision-process under investigation.
The level of integration needed for informing specific management activities is partially
determined through feedback from our stakeholders (see Section 4); e.g., agricultural
producers are asked about the extent to which various environmental factors play a role
in their decision-making. This approach minimizes model complexity and computational
resources while still capturing key interactions. Furthermore, incorporating too much
complexity (for a specific question) into an integrated model can have negative conse-
quences. As an example, coupling a land surface model to an atmospheric model can
result in large biases and reduced performance in informing management decisions, as
compared to driving a land surface model with observed meteorology or with bias-
corrected atmospheric model output (Liu et al. 2013). This loss of accuracy may prohibit
a coupled model’s usefulness for specific management decisions. Regardless of the
complexity of the model chosen for each application, when a coupled model is used


Table 1 (continued)


Earth system component Stand alone model Key references


management system (reservoirs, run-of-river dams,
diversions, and return flows) and its reservoir op-
erating policies to generate reservoir rule curves as
a function of operating policy. ColSim is adapted
for BioEarth to include irrigation withdrawals and
a water rights curtailment process.


(Hamlet and
Lettenmaier
1999)


Nutrient export in rivers: NEWS Nutrient Export from Water(S)heds; In BioEarth,
NEWS takes as input simulated hydrologic and
nutrient fluxes, and is utilized to predict annual
average nutrient fluxes, sources, and sinks for
various forms of nutrients and C at the sub-basin
scale.


(Seitzinger et al.
2005)
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for informing decision-making, rigorous testing is required to evaluate model results and
enhance the usability of model outputs.


3.3 Land-atmosphere coupling and atmospheric model integration


We take advantage of the CESM flux coupler that facilitates coupling of earth system
components to allow data exchange between, e.g., atmospheric and land surface
models. This flux coupler is modular and allows for several options for each of the
land and atmosphere components. For BioEarth, we include two additional land
surface options (see Section 3.4): 1) VIC-CropSyst, and 2) Upscaled-RHESSys. The
flux coupler provides flexibility for the atmospheric and land surface models to be
applied on their own grids and spatial resolutions. This is particularly important for
coupling WRF to Upscaled-RHESSys, which runs on variably-sized watershed units
rather than grid-cell units. For coupling with an atmospheric model, VIC requires
code restructuring to adopt a space-before-time structure so that state variables for all
grid-cells are updated before advancing to the next time step, which has been
accomplished in other projects (Leung et al. 2011), but requires updating for
BioEarth developments. The BioEarth project utilizes this modified version of VIC
but with modifications and updates at the University of Washington through the
Regional Arctic System Model (RASM) project (Maslowski et al. 2012).


For applications involving atmospheric chemistry, the CMAQ model can either be
run offline from or fully-coupled to WRF. The fully coupled version accounts for
radiative feedbacks between chemistry and physics by considering ozone effects on
long-wave radiation and aerosol effects on both short- and long-wave radiation (Wong
et al. 2012). For BioEarth, the CESM framework will be adapted to pass hydrologic
information to MEGAN to determine biogenic emissions needed by CMAQ.


Fig. 3 Comparison of the Upscaled-RHESSys watershed unit to the VIC-CropSyst grid-cell unit. The Upscaled-
RHESSys approach is considered “bottom-up” because its native spatial resolution is relatively high; fine-
resolution spatial heterogeneities are more fully captured than VIC because the watershed units are comprised of
relatively fine-resolution spatially-explicit patches, which are in turn comprised of spatially-implicit or “aspatial”
patches. The sizes of the explicit and implicit patches within Upscaled-RHESSys are determined through model
sensitivity experiments across biomes. Alternatively, the VIC-CropSyst approach is considered “top-down”
because VIC was originally developed for global-scale applications at relatively coarse resolutions. VIC grid-
cells should not be implemented at resolutions typically implemented by RHESSys because lateral hydrologic
connectivity does not exist between cells
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3.4 Terrestrial model integration


The modular nature of the BioEarth framework allows users to apply the land surface model
most appropriate for each research question. Two unique land surface models are in develop-
ment for BioEarth: 1) VIC-CropSyst primarily for applications involving intensely-managed
cropping systems, and 2) Upscaled-RHESSys primarily for applications involving less
intensely-managed forest and rangeland ecosystems, but with eventual capabilities to handle
cropping systems. RHESSys also includes capabilities to simulate urban environments,
allowing for investigation around questions that involve these landscapes, such as urban
expansion.


VIC and RHESSys were originally developed for different scales and applications. VIC
was developed as a land surface model that can be used with atmospheric models and includes
detailed process-based parameterizations for water and energy fluxes with the flexibility to run
at sub-daily time-steps, both of which are necessary for atmospheric coupling (Liang et al.
1994). Like all macro-scale land surface models, VIC is coarse in its representation of lateral
hydrologic processes. To reduce computation time and avoid breaking model assumptions,
grid-cells are necessarily large (~107-1010 m2), and sub-grid heterogeneity (e.g., in land cover,
elevation, saturated extent, and snow cover) is represented implicitly in space through empir-
ical relationships (Fig. 3). Lateral fluxes are not specifically simulated within VIC while a post-
process is available for streamflow routing. Conversely, while RHESSys is less detailed than
VIC in representing vertical fluxes, it is more detailed in space, capturing surface/subsurface
lateral flow between neighboring patches (~101–104 m2). Below, we describe the development
of the two BioEarth land surface models which are based on VIC and RHESSys, with
elements of CropSyst. VIC-CropSyst’s strength lies in capturing land-atmosphere interactions,
particularly as related to agricultural activities; while Upscaled-RHESSys’ strength lies in
capturing hydro-ecological processes that are governed by relatively fine-scale spatial hetero-
geneities and lateral hydrologic connectivity, e.g., the role of soil moisture redistribution in
impacting ecological hot-spots in terms of C:N:H2O dynamics.


3.4.1 Development of VIC-CropSyst


In the integrated VIC-CropSyst model, CropSyst is embedded into VIC as a sub-model
simulating vegetation dynamics and biogeochemistry, providing the model’s capacity to
investigate interactions between hydrologic and agro-ecological systems. VIC retains simula-
tions of hydrologic processes with the exception of transpiration. It is improved to simulate
crop-specific potential evapotranspiration; irrigation technology-specific evaporative losses;
vertical drainage of moisture through tightly-spaced soil moisture layers; and humidity
following irrigation. CropSyst models transpiration, crop yield, nutrient leaching, and green-
house gas emissions, which are provided as inputs to the economic, atmospheric, and aquatic
models.


Because of its coarse spatial resolution, VIC-CropSyst does not resolve individual farms, as
specific crop types are represented implicitly as sub-grid classes; i.e., within each grid-cell, a
particular crop is assigned a percentage of the grid-cell area and its location and extent are
treated as non-spatial elements (Fig. 3). Modeled variables are usually (but not necessarily)
aggregated over the sub-grids to produce a grid-cell average prior to subsequent analysis. In
terms of decision support, VIC-CropSyst’s strength lies in producing information as to the
broader implications of widespread changes in irrigation, fertilization, or crop management
decisions; in addition to being a powerful tool for large-scale studies of land-atmosphere
interactions.
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3.4.2 Development of upscaled-RHESSys


Upscaled-RHESSys includes several additional developments for inclusion in the BioEarth
framework.


1) While RHESSys is well developed for forested landscapes, for BioEarth it is modified to
better represent biogeochemical processes occurring in rangeland (currently) and cultivated
cropping systems (eventually) through an integrated C allocation scheme taking into account
both resource limitation and plant growth, dynamic C:N ratios in leaves, inclusion of a C and
N pool that represents the regenerative (or harvested) portion of the crop, biomass removal
mechanisms related to harvesting and grazing, and other additional capabilities to simulate
hydro-ecological responses to forest, rangeland, and cropping systems management.


2) To couple RHESSys as a land surface sub-model to WRF, it will be adapted to run at the
same temporal scale as WRF, and its full energy budget will be refined to simulate
subsurface thermodynamics, radiation transfer through the canopy, and energy balance-
driven snow processes.


3) To reduce compute time, RHESSys is being adapted to allow for larger patch sizes by
incorporating within-patch heterogeneity through non-spatial elements analogous to VIC
sub-grids (i.e., “embedded aspatial patches”). Therefore, we combine aspatial approaches used
in hydrologic models such as VIC with explicit hydrologic routing approaches used in models
such as the Distributed Hydrology Soil-Vegetation Model (DHSVM; Wigmosta et al. 1994)
(see Fig. 3 caption for details). We argue that this approach will be substantially more efficient
but will still allow users to represent differences that arise due to lateral connectivity and spatial
heterogeneity in watershed hydrology and ecosystem dynamics. Figure 3 illustrates the
differences betweenUpscaled-RHESSyswatershed units and theVIC-CropSyst grid-cell units.


3.5 Aquatic model integration


The water resources of the CRB are heavily managed and this human alteration of the
hydrologic cycle needs to be considered to better estimate seasonal available water supply.
We take a two-pronged approach involving 1) an offline reservoir model (ColSim) that has
detailed information on reservoir operating rules and, 2) a generic store-and-release algorithm
that can be fully-coupled with the hydrologic model. The generic algorithm will estimate
storage and releases either based on time-series results from the offline reservoir model or on
empirical calculations similar to Voisin et al. (2013) or Biemans et al. (2011). This two-pronged
approach gives the flexibility of choosing the framework best suited to a specific question.


NEWS sub-models have been successfully applied at sub-basin spatial scales (e.g.,
Harrison et al. 2010) for various forms of C and nutrients. In BioEarth, NEWS is utilized
and evaluated for sub-basins within the CRB to predict seasonal fluxes, sources, and sinks for
various forms (inorganic/organic, particulate/dissolved) of N and C. NEWS takes as input
simulated hydrologic and N fluxes from the terrestrial models, meteorological information
from WRF, and water storage from the reservoir models.


3.6 Economic model integration


The purpose of integrating economic models into mechanistic biophysical models is to base
human action and their influences on biogeochemical cycles (e.g., from land use, nutrient
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loading, and irrigation) on microeconomic foundations rather than on arbitrary rules (Harou
et al. 2009). A two-pronged approach will be taken to model economic behavior by utilizing 1)
a CGE model of the regional economy and 2) an ABM. While both work from a foundation of
economically-optimizing decision-makers, they differ significantly in terms of temporal/spatial
disaggregation and model structure. The CGE and ABM models will be run separately but
integrated on annual time-steps. Multiple groups have applied CGE modeling of regional
economies to represent agricultural production (for a review, see Harou et al. 2009). CGE
modeling is suited for capturing the complex array of possible economic responses to changing
conditions, including input/output substitution and investment. Hydrologic models inform
water availability, and crop growth models are used to parameterize crop production functions
for varying levels of deficit irrigation under a range of atmospheric conditions. Input use
determined by the CGE model defines the timing of water use and other inputs, including
fertilizers that can be fed back into other models. Sub-regions are differentiated by their
parameterization and constraints, which is usually important for representing production in
irrigated agriculture where water is a limiting resource.


In many instances the lack of spatial resolution in CGEmodels becomes problematic. While
the development of sub-regions within the regional CGE model can account for spatial
heterogeneity in growing conditions and resource constraints, they usually involve a significant
level of spatial aggregation and are ill-suited towards modeling spatially-dependent decision-
making. This is an important limitation because of the extensive spatial interactions related to
water movement that result from farm-level adaptation, water transfers, or any other changes in
water management. This weakness provides the motivation for the development of an ABM.


ABM allows for improved modeling of nutrient use and water quality impacts by more
precisely locating each agent in space relative to water systems; and it is possible to separate
the region of study into grid-cells that match those of the biophysical models. This allows for
full coupling between human and environmental models. Adoption of approaches like ABM
among economists remains small relative to more accepted economic modeling frameworks
because they typically require a more simplistic representation of economic decision-making.
However, they are becoming more common as recognition of the importance of spatial
interactions has grown (Irwin 2010).


4 Stakeholder engagement process and communication research


Scientists are now more than ever asked to consider not only the scientific credibility and
adequacy of their work, but also its salience to the needs of the public and its legitimacy among
stakeholders beyond their scientific peers (Cash et al. 2003). Creating more opportunities for
interactions among scientists and potential users of climate information is one approach to
producing scientific information that is also actionable. In response, EaSM research initiatives
have begun to explicitly integrate novel approaches for stakeholder engagement into the
modeling process. This is often conceptualized as merely communication of research results
after a project is completed (Green et al. 2009). Increasingly, the value of engaging with
stakeholders during the process of knowledge production is recognized, but such engagement
is limited in practice (Callon 1999; Phillipson et al. 2012).


BioEarth’s communications team provides multiple functions, including coordinating and
implementing stakeholder engagement throughout the duration of the project by facilitating
interactive communication between model developers and non-academic practitioners
(Section 4.1). In addition, the team is conducting research focused on assessing expectations
about stakeholder engagement among both modelers and stakeholders (Section 4.2).
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4.1 Stakeholder engagement


For stakeholders to be engaged in the model development process, opportunities for stake-
holders to influence how research questions are prioritized must be created, and bi-directional
communication between researchers and stakeholders must be facilitated. A series of stake-
holder advisory workshops organized around specific resource management issues are occur-
ring between the years of 2013 and 2016. Each workshop focuses on different management
issues of critical concern to the region, including N and C management, water quantity/quality,
forest and rangeland management, and air quality. Stakeholders participating in these work-
shops include a broad set of individuals who could benefit from using model results to inform
their decision-making; these include representatives from industry, government agencies
(federal, state, local and tribal), and environmental and other advocacy organizations. These
workshops are designed to allow for in-depth discussion of stakeholders’ issue-specific
information needs and preferences for how model outputs, complexity, and uncertainty might
be best communicated. The four goals of these stakeholder advisory meetings are to 1) elicit
stakeholders’ insights, perspectives and recommendations to inform prioritizations of model
development; 2) communicate the potential value and utility of the model to stakeholders and
provide them with an enhanced understanding of the model development process, complexity,
and uncertainty of outputs; 3) establish positive, productive relationships and enhance mutual
understanding between a broad range of stakeholders and the modeling team; and 4) increase
researchers’ understanding of the factors driving resource management decisions and the
information needs of decision-makers to help the modeling team understand how stakeholders
prioritize various environmental and economic concerns.


Based on the interactions, feedback and surveys during and after the first two stakeholder
workshops that occurred in February 2013, an innovative system for analyzing and acting
upon stakeholders’ feedback was devised. The stakeholder input was categorized into discrete
recommendations about model components, capabilities and scenarios that could be addressed,
and these recommendations were arranged in a spreadsheet with details about frequency of
recommendation, the number of individuals with expertise in that specific area, and the spatial
and temporal scales at which each recommendation would need to be addressed. Once this
database was created it was shared with all of the BioEarth modelers and scientists, and served
as a focusing tool for a project-wide process of prioritizing the recommendations according to
the BioEarth project scope and available resources.


4.2 Communications research


The communication team is also analyzing the perceptions and understandings of stakeholders
and scientists throughout the research process using a temporal series of surveys and inter-
views, with a focus on 1) the scientists’ perspectives on stakeholder engagement; and 2) the
stakeholder’s and scientists’ perceptions of the utility and relevance of the integrated model.


As stakeholder engagement in environmental modeling is increasingly expected by funding
agencies, understanding the range of perceptions on the value of stakeholder engagement can
help facilitate productive interactions. Acknowledging this, the BioEarth communications
research team began with analysis of the scientists’ perspectives on stakeholder engagement
as well as model utility during the first year of the project (Allen et al. 2013). Results
demonstrate a broad range of perceptions about the value of the stakeholder engagement
process and varying expectations for the production of decision-relevant information within
BioEarth. Researchers who anticipate the model to be relevant to policy decision-making rank
communication with stakeholders as a central challenge in the project, while those researchers
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who are thinking about the model as something primarily relevant to academic audiences tend
to focus on technical challenges associated with model integration rather than the model’s
practical or social relevance. The communications team is continuing to conduct surveys and
interviews with researchers and stakeholders to understand their perspectives on model utility
and the stakeholder engagement process.


5 The way forward for BioEarth


A primary goal of the BioEarth project is to move an integrated modeling project along the
continuum from generating primarily scientific knowledge to also producing actionable
information that can inform decision-making. Because of its high degree of integration,
BioEarth’s strength is in providing a fuller context of land use decision-making at the regional
scale. The BioEarth framework can highlight environmental and economic trade-offs among
various management scenarios to inform a variety of decision-makers with different priorities,
concerns, and constraints.


BioEarth has several unique aspects that enable movement along this continuum, e.g.
through our engagement of non-academic stakeholders to inform model development, scenar-
ios, and output. The social and technical learning anticipated from this project involves broad
potential for contributing and reinforcing the nascent paradigm shift in expectations for
environmental modeling with regard to relevance and utility of the modeling process.
Lessons learned from researchers and stakeholders involved in BioEarth could be useful for
other environmental modeling projects, in much the same way that BioEarth has learned from
more mature EaSM activities such as PRIMA (Kraucunas et al. 2013). BioEarth is most
similar to PRIMA, particularly because both projects aim to inform resource management
decisions. While sharing this objective, the same land/atmosphere coupling infrastructure, and
some model components (e.g., WRF), there are important distinctions. PRIMA emphasizes the
energy system (from large-scale energy economics to fine-scale models of building energy use,
electricity operation, and siting of energy infrastructure) and its interactions with air, land, and
water resources; while BioEarth emphasizes agriculture (cropland, rangeland, and forests) and
its interactions with air, land, and water resources. Because of this, biogeochemistry and
dynamic vegetation (and their response to changes in climate and management activities)
are primary foci of investigation for BioEarth, while biogeochemistry has yet to be imple-
mented in PRIMA. For this, BioEarth applies a bottom-up approach for simulating coupled C:
N:H2O interactions, with the upscaling strategy being developed across a gradient of biomes, a
unique approach among regional EaSMs. Finally, there is an urgent need for the development
of multiple regional EaSMs because a diversity of approaches allows for a better understand-
ing of overall uncertainty in predicting decadal-scale climate/land/water/human interactions
due to model structure.


The BioEarth project is currently halfway through its initial five-year funding period,
by the end of which our goal is to have a rigorously-tested framework that includes the
primary linkages between model components; a foundation that we can continue to build
on over time. Some achievements to date include development of a detailed land cover
dataset to be used for all component models; design of a tool for building and automating
modular workflows; development, implementation, and testing of WRF-VIC; implemen-
tation and operationalization of CMAQ; completion, testing and application of the VIC-
CropSyst integrated model; refinement, development, and initial upscaling of RHESSys
over forested and grassland ecosystems; application of the NEWS dissolved inorganic
nitrogen model by driving it with output from BioEarth’s terrestrial models; initial
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implementation of the CGE model using crop response curves generated by VIC-
CropSyst; completion of the initial survey of scientists’ perceptions on stakeholder
engagement; and completion of the first set of stakeholder workshops, with outputs that
are informing further model development (e.g., a prioritization of processes to include)
and scenarios (e.g., adaptation strategies that producers are considering and seeking
information with regards to potential consequences). Multiple model integration chal-
lenges remain to be implemented and/or tested, including aggregation/disaggregation of
variables when running coupled models at different spatial and temporal resolutions,
version control (i.e., some components models, such as VIC, were significantly modified
for the coupled framework and are therefore not routinely updated to the most advanced
version of the model; others, such as RHESSys, incorporate BioEarth-specific advance-
ments directly into the working version), and characterization/handling of uncertainty
and biases when running tightly-integrated simulations such that modeled information is
usable for resource management decisions. Currently, enough of this modular framework
has been built that we have begun implementing specific applications and running
scenarios, the outputs of which are being provided to our stakeholder advisory group
for feedback.


Our intent is that the BioEarth project will continue to evolve over the long term, increasing
its generation of both scientific knowledge and actionable information. We continue to extend
our collaboration network and seek additional funds to incorporate missing processes (such as
deep groundwater dynamics, fire behavior, or biotic disturbance) and to apply and rigorously
test the model for specific applications. As BioEarth is composed primarily of mechanistic
models, it can be readily applied in other regions and will be a powerful tool for exploring the
water-food-climate nexus. The BioEarth framework is flexible in that it can accommodate
highly detailed information only available in specific regions (such as water rights, instream
flow rules, and reservoir operations) or it can use simplified rules where this information is not
available, lending itself well to application in developing countries. Finally, the stakeholder
advisory process is evolving. The multiplicity of decisions that are relevant to the model scope
complicate this process, and we are continuing to develop ways to learn from our stakeholder
advisors to improve both the model and our communication about the model output, com-
plexity, and uncertainty.
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