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WELCOME TO THE BIOEARTH
ALL-HAND MEETING NO. 3!





Multiple agencies are recognizing the need to ensure that
scientific knowledge gained by modeling efforts is useful for
planning and decision making

Example: NSF/DOE/USDA EaSM program

®  Finer in time: decadal climate variability and change (also,
we are interested in understanding changes in variance as
well as changes in means)

®  Finer in space: dynamics at regional scale resolved

® Impacts on ecological, agricultural, and other human systems
(e.g., feedbacks between ecosphere and anthrosphere)

©®  Effectively translate model results and uncertainties for
decision making under climate change





Overarching Goal: To improve the understanding of regional and decadal-scale
C:N:H,0 interactions in context of global change to better inform decision
makers involved in natural and agricultural resource management.

Specific Objectives:

1.

Air to Land Linkage: To investigate the role that atmospheric processes play in
land surface C:N:H,O cycles.

Coupled Air/Land: To explore how ecosystem changes in the PNW affect
land/atmosphere interactions.

Coupled Air/Land/Human: To examine how potential policy changes might
affect the interactions between C:N:H,O cycles and regional-scale climate.

Communication: To explore how to best communicate the model results to
resource managers and policy makers.





CCSM4: Global Climate

Large-scale T, P, U, V, W, O, R

RT H Coupled Land-Atmosphere

CMAQ: Atmospheric
Chemistry

Meteorology Aerosol optical

' T V. W,
(. P, IRI > W, properties &
Q. R) CCN

WRF: Meteorology

Atmospheric

Regional- scale Energy fluxes,

P &R, O, soil moisture,
and deposition surface albedo,

of NO,;, NH,, and emissions of
Hg,and S VOC,NO,, NH,,
VIC: Hydrology N,0, & CO,
CropSyvstRHESSvs:
Terrestrial Nutrient
Dynamics

Soil moisture,
LAL canopy T & R

MEGAN:
Biogenic
Runoff & Baseflow; ‘\ Emissions “) ol 1-
Irrigation Withdrawals Nuirienis & Sediments

Regional
Economics:
Agricultural
Streamflow N ﬂfﬁEﬂt _ﬂlll:l
Routing L Global NEWS:
Nutrient Transport
Unaltered in Channels

Streamflow l

ColSim: Reservoir o '_ ;
Operations & Nuirients, Sediment:
Transport &

Withdrawals Altered e
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Streamflow,
Reservoir Storage






BIOEARTH FEATURES FOR NATURAL
AND AGRICULTURAL RESOURCE
MANAGEMENT

Emphasis on details needed to inform agricultural and natural resource use and
Mmanagement

Economics (macroeconomic drivers, regional dynamics, individual response)
Crop producer decisions, including modeling of crop growth and phenology
Water management, including modeling of reservoirs and curtailment
Nitrogen management, including modeling of coupled biogeochemical cycles
Forest management decisions, including modeling of biomass and succession

Relevant outputs for decision making: air & water quality, water availability,
crop & forest productivity, greenhouse gas emissions, carbon sequestration,
hydropower potential, economic impacts

Communications research; stakeholder engagement throughout and after
development





LOOSELY-COUPLED

A

Atmosphere Terrestrial Aquatic
SEQUENTIAL or
FULLY COUPLED or ! Atmosphere
A 7 R LY

TIGHTLY COUPLED Aquatic BN Terrestrial






While development of the full BioEarth modeling
framework is one goal for this project, the BioEarth
project is much more than this one output.

Groups are working on answer research questions that
involve single model components, or single linkages
between model components (see hand-out). Trade-offs
exist when deciding when to run models offline, loosely
coupled, or tightly coupled. Although each of these
efforts are contributions in and of themselves, they all
contribute to BioEarth’s overarching question as well as
inform us on model development.
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Biosphere-relevant earth system model

2013 BioEarth Stakeholder
Advisory Meetings






Stakeholder advisory
group members
represent diverse
perspectives on
agriculture and
forest land
management in the
Pacific Northwest






Stakeholders Attending Feb 27 & 28 Advisory Meetings in Seattle

EPA
Snake and Columbia Irrigators Association
Natural Resource Conservation Society
Stockholm Environmental Institute

Ul Forestry Extension
Washington Organics Recycling Council

Ferry County Tribal WSU Extension Liaison

Aspect Consulting

WSU/USDA
Idaho Water Resources

Department of Natural Resources
American Farmland Trust
Washington State Dairy Federation

University of Idaho

Washington State Department of Agriculture
OSU Forestry Extension
Climate Trust
Columbia Basin farmers

National Parks Service
WA State Water Resources Association

Spokane Regional Clean Air Agency

Berkeley Forestry Extension

Oregon Department of Agriculture
American Rivers

Washington Department of Ecology
McGregor Company
Resource Conservation and Development Council

Climate Solutions





I1.

I11.

What are current problems of concern
(environmental, economic, resource availability)?

What questions do stakeholders have about future
changes (climate change impacts, effects of
alternative practices), and what information would
aid in making better decisions?

What are people’s highest priority questions and
information needs?
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Biosphere-relevant earth system model

Communications Research Update
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Growing Relevance /Importance of our work

- Severe underutilization of climate models as tools
supporting decision-making — a usability gap in climate
information






Call for a Paradigm Shift

Complexity/uncertainties
in both earth systems &
human decision-making

Paradigm 1 : predict-then-act Paradigm 2: Seek Robust Solutions

Figure out best-guess future Identify greatest vulnerabilities
and design best policy for across range of possible futures
that future (different scenarios) and

Guiding Question: What is identify suite of policies that
most likely to happen? perform reasonably well across

the range

Prediction-based paradigm places Guiding Question: How does the

unrealistic demands on modeling and system work and when might

climate science and artificially limits policies fail?

use for supporting real decisions

Weaver et al 2013. Improving the contribution of climate model information to decision making: the value
and demands of robust decision frameworks. Wiley Interdisciplinary Reviews: Climate Change, 4(1), 39-60.





Call for sustained processes
of close interactions among
knowledge producers & users

Paradigm 1 : Paradigm 2:
focus on products focus on process

Lemos et al 2012. Narrowing the climate information usability gap. Nature Climate Change, 2, 789-794.





Depending on relationships
developed during initial
meetings...

-We may want to broaden or
expand scope of stakeholder
engagement

- We may want to work more
closely with a specific sub-set
of stakeholders
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ATMOSPHERIC GROUP
WORKGROUP |.A
PROGRESS REPORT





Atmospheric Team

WSU:

NCAR:

PNNL:

Jennifer Adam Sarah Anderson”
Serena Chung Dave Evans’
Brian Lamb Mingliang Liu
Tsengel Nergui Joe Vaughan
Alex Guenther Xiaoyang Jiang
Ruby Leung Jinho Yoon

2013-02-20
BioEarth Atmos Group
Progress Report

“New” to Atmospheric Group






2013-02-20
BioEarth Atmos Group
Progress Report

Coupled WRF-VIC (using flux coupler)

Able to run for 1 month for western US using 12 km x 12 km cells
Initial testing indicates results are ok; more evaluation is underway
MEGAN

Paper on MEGANvV2.1 publised in Geophys. Model Dev.

http://www.geosci-model-dev.net/5/1471/2012/gmd-5-1471-
2012 .html

CMAQ Simulations
On hold

Wavelet Analysis on N Wet Deposition Rates and Climate Variability
Results presented at AGU in December





February — Jul July 2013 >

2013

CMAQ






r> between power spectrum of various climate indices and
NO;" + NH," wet deposition at NAPD sites

Currently refining the
analysis by detrending
NAPD data

Plan to have manuscript
written by August 2013

2013-02-20
BioEarth Atmos Group
Progress Report





:I Columbia River Basin
. CropSyst Evaluation

@ RHESSys Evaluation
—— NEWS/ColSim
[ 12-km PNW Domain
I:l 12-km Western US Domain

Focus in effects of ENSO

©

Jan 1997- Dec 1999 and/or

Jan 1988 —Dec 1992

Constant anthropogenic emissions
EPA NEI 2002

Constant Chemical Boundary
Conditions

MOZART-4 or 220-km CMAQ

E WRF Domain, 233 x 285 (12-km)? cells

1 E CMAQ Domain 1

[ ] WRF-CMAQ-VIC/CropSyst Domain





:I Columbia River Basin

. CropSyst Evaluation
@ RHESSys Evaluation
—— NEWS/ColSim
[] 12-km PNW Domain
I:l 12-km Western US Domain

CMAQ-Adjoint (“inverse” model)

In combination with HYSPLIT and
Synoptic weather analysis

Several weekly simulations

® Matching samples used for isotopic
analysis

E WRF Domain, 233 x 285 (12-km)? cells

: CMAQ Domain 2
[ ] WRF-CMAQ-VIC/CropSyst Domain
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2013-02-20
BioEarth Atmos Group
Progress Report

Integrating MEGAN into Bioearth

®  Coupling with VIC-RHESSys-CropSyst

®  Coupling with CESM/CLM (boundary conditions) (done)

Improve soil nitrogen emissions (NO, NH;, N,O)
Add particles: pollen, fungal spores, bacteria, dust

Use MEGAN in BioEarth to identify scientific questions
that can be addressed with a PNW regional field study

® Landcover change (e.g. poplar plantations)

® Interactions of biogenic emissions and anthropogenic
pollution
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WG |IB - TERRESTRIAL & AQUATIC
PROCESSES





MODELS IN BIOEARTH-LAND/AQUATIC

VIC large-scale
" . physical hydrology: we
T will utilize surface
energy balance
components

BioEarth- RHESSys: ecohydrology and
Al dynamic vegetation

Flux Coupler

BioEarth-
Land

Vegetation and Soil Bio

CropSyst: will use to
incorporate crops into
RHESSys

Agquatic

Hydrologic Processes

2 Streamflow routing,
' reservoirs, water
management

MEGAN Biogenic VOC Emission Estimates

!Global NEWS  nutrient

Global Nutrient Export from Water(Sheds Export Economic Decision Making






TwO BIOEARTH-REGIONAL-SCALE LAND

SURFACE MODEL OPTIONS IN DEVELOPMENT

1. VIC-CropSyst
(hydrology/crops)

BioEarth-

Air

VIC: large-scale
Flux Coupler VS physical hydrology,
i - including an hourly
BioEarth- full energy balance
I needed for coupling to
= atmospheric models

\ [w CropSyst: crop phenology

S *1 and crop — plugs into VIC

| as a dynamic vegetation
function

Aquatic

Crop dynamics in croplands,
physical hydrology in all lands






TwO BIOEARTH-REGIONAL-SCALE LAND
SURFACE MODEL OPTIONS IN DEVELOPMENT

2. Upscaled RHESSYys:
ecohydrology and dynamic
vegetation

BioEarth-

Air

Flux Coupler

BioEarth-
Land

Aquatic

Process Based Sub-Models

Coupled C:N:H20 in forested
and grassland ecosystems






Comparison of Hydrologic

Modellnﬂ Aﬁﬁroqches at 2 Scales
5]
Modeling Watersheds at Finer Scales, Modeling the Region at Coarser Scales,
e.g., hative RHESSys scale e.g. VIC/VIC-CropSyst

1 High detail in lateral dimension, 1 High detail in vertical dimension
may have slightly less detail in and in time, coarse in lateral
vertical dimension and time w.r.t. dimension (land /atm interactions)
VIC

RHESSys Watershed Units VIC Grid Cell Unit
«Spatially-explicit, fine- R‘L A ,]Z

resolution patchs within
watershed units 45

-Statistical sub-grid
heterogeneity

-Gnd-t_[:-gﬁd - ds
communication is
offline and for flow

routing only

7K

5-km

*Dynamic patch-to-
patch communication






OprTION 1: PROGRESS TOWARDS VIC-CROPSYST
TIGHT COUPLING BETWEEN MODELS

Recent change:
1- same layers
2- VIC Provides
soil information
3-VIC provides
soil moisture
(fully coupled)






OprTION 1: PROGRESS TOWARDS VIC-CROPSYST
CAPTURING ET LOSSES BY IRRIGATION
TECHNOLOGY

. E,+E +E +R+D,
—  efficiency =1—

total applied water

Ec: evaporationfrom canopy
intercepted water

Es: evaporation from soil

Ed : evaporation fromirrigation
droplet

Dp: deep percolation loss

R: Runoffloss






*12 km grids converted

trom latitude/longitude QP TION 22 PROGRESS TOWARDS

boxes to watershed

boundaries (see right) R H ESSYS U PSCAL' N G

RHESSys

12 km WRF grid cells | watershed unit
-\\Vg—-"—}

*RHESSys will run at a
finer resolution (for c
each “patch”) within —
each watershed, |
handling all hydrology

*RHESSys patches P ReEssys o
resolution will be finer § variable-resolution’s,

iy . . . . patches K
within riparian areas ; i
and coarser in upland %\
areas; these scales are : .
one of our research
questions

RHESSys

aspatial patch
ePatches will be sub- P P

divided statistically to
increase computational
efficiency (i.e., the *RHESSys will route flow within the VIC grid; a separate routing
patches can be bigger)  algorithm will be used to route flow contributed from the VIC grids
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Legend
» Country
| ——- State

——CRB

- [ | Grasslands
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-
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|
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L Phediy e
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LAND COVER CONSISTENCY

Need to ensure land cover
consistency between
NLDAS2+crops dataset we
have been working on and
Alex Guenther’s new
vegetation dataset (left).





Near-term Future Directions for NEWS
in BioEarth (1-year goals)

 Downscale, test and apply NEWS-DIN
(DIN=dissolved inorganic nitrogen, NO; + NH,)
at the sub-basin scale for the Columbia River
Basin

* Integrate an explicit wetland component into
the sub-basin NEWS-DIN model





Longer-term Future Directions for
NEWS in BioEarth

e Use sub-basin DIN model to investigate
sensitivity of river DIN loading to:
— Inter-annual climate variability
— Historic and anticipated changes in land use

— Historic and anticipated changes in nitrogen
inputs to the landscape

— Changes in wetland extent
— Others?





Inputs needed by NEWS from other
BioEarth models (near-term goals)

 We have or are working  oin vl
(kg N/km?/yr)

on developing:

— Basin delineations for =:1;};£2
24 sub-basins at 1 km M 2753 - 6050 o
resolution, e vy

— DIN yield for 24 sub- fon

basins

— Half degree spatially
explicit inputs for all
NEWS inputs

HenrysFork





Inputs needed by NEWS from other
BioEarth models (near-term goals)

e Needed:

— Appropriately scaled spatially explicit inputs for
sub-basins:
e Hydrologic inputs: Runoff, Irrigation demand (VIC)

e Nitrogen inputs: Deposition (CMAQ), Fertilizer
application (VIC-CropSyst), Natural and Agricultural N
Fixation(VIC-CropSyst/RHESSys), N Harvested
(CropSyst?)






Michael Brady, Assistant Professor, SES
Jon Yoder, Professor, SES
Bhagyam Chandrasekharan, PhD. Student, SES






Current Efforts

Further development of “traditional” equilibrium optimization model
of the regional economy:.

Quick reminder about this approach.

e Has been the work horse in economics for many years.

« Rich representation of substitution, dynamics, and decision making under
uncertainty (stochastics).

« Good at capturing welfare effects.
« Good at capturing linkages between industries throughout the economy.

However, aggregate significantly over time and space.

At the first all-hands meeting we decided to take a two-pronged
approach.

e First, develop this type of model.
e Second, develop a more innovative spatially explicit model.





Model 1 Status

» Crop aggregation: 10 groups that approximately match
WSDA crop groups.

* Spatial aggregation: sub-regions that approximately match
WRIAs.

e Sub-regions are differentiated by model parameterization and
constraints.

* Temporal aggregation: cropping and technology decisions
are made on an annual basis.

e Still need to determine sub-annual disaggregation for
irrigation.





P————

Model 1 Status

* Points of integration

e Land and water constraints by sub-region =
VIC/CropSyst.

e Parameterization by crop/subregion.
-  Water/nitrogen production surface?

e Process of aggregation and disaggregation between
economics and VIC/CropSyst.

e Future climate variability





P————

Model 2 Status

* Agent Based Models
e Grid cell based

e In additional to capturing spatial heterogeneity, also
model spatial dependency.

* Have been trying out some very basic Python scripts
using Arcpy, SciPy, and NumPy that provide GIS based
scripting and optimization tools for a grid cell based
model.

* Seems promising!






MODEL INTEGRATION VIA
THE CESM FLUX COUPLER
AND MODEL DOMAINS






CCSM4: Global Climate

Large-scale T, P, U, V, W, O, R

RT H Coupled Land-Atmosphere

CMAQ: Atmospheric
Chemistry

Meteorology Aerosol optical

' T V. W,
(. P, IRI > W, properties &
Q. R) CCN

WRF: Meteorology

Atmospheric

Regional- scale Energy fluxes,

P &R, O, soil moisture,
and deposition surface albedo,

of NO,;, NH,, and emissions of
Hg,and S VOC,NO,, NH,,
VIC: Hydrology N,0, & CO,
CropSyvstRHESSvs:
Terrestrial Nutrient
Dynamics

Soil moisture,
LAL canopy T & R

MEGAN:
Biogenic
Runoff & Baseflow; ‘\ Emissions “) ol 1-
Irrigation Withdrawals Nuirienis & Sediments
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Streamflow,
Reservoir Storage






Western US Domain:
® 233x28512kmx 12 km cells
®  All WRF(-NOAH) and WRF-VIC runs

® Including the southeastern US allows
for more comprehensive ENSO
i analysis

®  Offline CMAQ simulations for a few
weekly periods and possibly a few
years

: PNW Domain
® Subset of 12 km x 12 km cells

® Coupled model simulations

I:l Columbia River Basin
2. CropSyst Evaluation
@ RHESSys Evaluation

—— NEWS/ColSim

[] 12-km PNW Domain

E 12-km Western US Domain

® Long-term (~30 years) offline
simulations





FULLY-COUPLED BIOEARTH:
SELECTIVE DOMAINS AND MODEL

INTEGRATION
-+ GCM/Reanalysis
- WREF CMAQ
i A
$ MEGAN
Flux Coupl .
ux Coupler i Routing/
$ Reservoirs
- A
VIC-CropSyst (crops invoked only in PNW)

Western US

_____________________________________

(later upscaled RHESSys) $
o v

PNW Economics

_______________________________________________________________






WRF-(VIC-CropSyst) using CESM flux coupler (by end of 2013)

©

©

©

©

©

Testing of WRF-VIC over western US domain using older VIC version — spring
2013 (PNNL)

Updating WRF-VIC using new VIC and testing over western US — spring and
summer 2013 (UW/PNNL)

Completion of VIC-CropSyst coupling — spring 2013 (WSU)

Calibration of new VIC over western us with focused calibration of VIC-
CropSyst over PNW using NLDAS2 land cover— spring and summer 2013
(WSU)

Incorporation of VIC-CropSyst via flux coupling and testing — summer and fall
2013 (WSU)

WRF-(CMAQ-MEGAN)-(VIC-CropSyst)

(ONONONO,

Incorporate MEGAN online —summer 2013 (WSU)

Implement CMAQ (including SMOKE) — fall 2013 and spring 2014 (WSU)
Testing of fully-coupled model — summer 2014 (WSU)

For evaluation: nitrogen and oxygen isotopic analysis of historic NADP
Samples — through fall 2013 (WSU





RHESSys upscaling

©
©
©

©
©

Forest ecosystem upscaling strategy — spring and summer 2013 (UCSB)
Grassland ecosystem upscaling strategy — spring through fall 2013 (WSU)
Incorporate subsurface thermodynamics and full energy balance snow model
— summer through fall 2013 (WSU/UCSB)

Carbon stock initialization — spring and summer 2013 (WSU)

Implementation, calibration, and evaluation of regional-scale upscaled
RHESSys (fall 2013 through 2014) (WSU)

Routing, reservoirs, and nutrient transport

©
©
©

Routing included into flux coupler — spring 2013 (UW)

Reservoir scheme developed and included — spring and fall 2013 (WSU)
Downscale, test, and apply NEWS-DIN at sub-basin scale, integrate an explicit
wetland component into sub-basin NEWS-DIN model — through spring 2014
(WSU)





Economics

©

©
©
O]

Continue to fine tune the GAMS based non-spatially explicit partial

equilibrium model.

® Aggregation and disaggregation procedure for integration with
biophysical models.

Settle on crop yield specific water and nitrogen parameters.

Identify data on future climate variability for stochastic model.

Identify how to test if simple Python based model works as a foundation for

developing the agent based model.

Communications

©
©

©

Host 2 stakeholder workshops during year 3

Design electronic communication forum for interactions between scientists
and stakeholders

Continue evaluation of stakeholder-researcher perceptions of model
development process





Cyberinfrastructure

® Support for BioEarth Communications
Forum — largely abandoned due to lack of use
Teleconferencing — done
® Support for BioEarth Codes
Code acquisition: Next step is for Pls to archive their codes as used in
the underlying modeling experiment(s)
Code storage via subversion: Construct a training package by end of
March and optionally conduct a subversion tutorial by May 2013
Work-flow: demonstrations and implementation spring/summer 2013
® System support and maintenance
Aeolus connection to central HPC: Report to the team the resolution of
this issue and the plan and related timetable by the end of March.
Aeolus upgrades: Funds and specifications/requirements are being
sorted out and the upgrade should occur by fall of 2013.
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BioEarth Bias Correction Paper

Presented by Mingliang Liu

BioEarth All-hand Meeting, WSU, Feb. 20,2013





Background

4

Originally prepared for a Climatic Change special issue on
regional-scale earth system modeling (RESM) (Editor:Yang,
Zong-Liang, UT Austin)

Two sections: |) an introduction to BioEarth and 2) a research
section in which we are investigating the impacts of bias
correcting versus not bias correcting model-simulated
meteorological data on a set of land surface variables.

After a conversation between Jenny Adam and Zong-Liang Yang
just YESTERDAY, it looks like Liang prefers that we split this
paper into two, and submit the first to Climatic Change, and
the second elsewhere. | will discuss results for this second
paper here.
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What is bias and bias-correction?

» Bias: the correspondence between a mean forecast and

mean observation averaged over a certain domain and
time. (WMO —WWRP 2009-1,2009) (Ehret et al., 201 2,
Hydrology and Earth System Sciences)

» In climate change impact studies, “bias” is widely used as
“any discrepancy of interest between a model output
characteristic and the “truth™ (Ehret et al., 201 2)

» Bias-correction: the correction of model output towards
observations.

BieEarth E== e ==





Why?

» Causes of bias (Ehret et al.,, 201 2):

- imperfect model representations of atmospheric physics;

- incorrect initialization or errors in the parameterization
chain;

- incorrect boundaries for RCMs;
- incorrect energy balance closure;
- climate variability;

- Inadequate reference data sets used for model
parameterization and validation;

- uncertainties conveyed from the GCM to the RCM
(Teutschbein and Seibert, 2010; Rojas et al, 201 I)
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How bias could be reduced?
Ehret et al.,, 2012;

» Improving the models
» Multi-model ensembles

» Empirical-statistical bias-correction (BC) as a post-
processing step: monthly mean correction, delta change
method, multiple linear regression, analog methods, local
intensity scaling, quantile mapping, fitted histogram
equalization, and gamma-gamma transformation.

BioEarth F= s &=





Assumptions of BC (]

Reliability

Time invariance
Completeness

No bias due to offsets

vV VvV VvV VvV VvV VvV Vv Vv

Ehret et al., 2012)

Effectiveness: without introducing unwanted side effects

Minor role of spatiotemporal field covariance
Minor role of feedbacks among variables

Bias can be associated with typical timescales

This is especially important for hydrological considerations, as hydro-
meteorological atmospheric and land-surface processes interactions
are complex and non-negligible. BC impairs these advantages by
altering spatiotemporal field consistency, relations among

variables and conservation principles. In addition, it remains doubtful

that BC methods parameterized on observed climate will hold under

changing climate conditions.
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BC and Non-BC experiment met data

Table 1# List of climate scenarios for this study. All WRF downscaled climate data used
ECHAMS-A1B scenario as boundary condition (Salathe et al., 2010, 2012).

Time Period Source Bias Name/Description
Correction !
1970-1999 Observed - Observed/ Generated from meteorological stations
with 1/16% degree. Maurer et al., 2002; Hamlet et al.,
2007:Elsneret al., 2010
WRF T&P BC1980s/Both T and P are bias-corrected
WRF T BCt NBCpl1980s/only T is bias-corrected
WRF P NBCt BCpl1980s/only P is bias-corrected
WRF None NBC1980s/Neither T nor P are bias-corrected
2010-2039 WRF T&P BC2020s
WRF T BCt NBCp2020s
WRF P NBCt BCp2020s
WRF None NBC2020s
2040-2069 WRF T&P BC2050s
WRF T BCt NBCp2050s
WRF P NBCt BCp2050s
WRF None NBC2050s
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Statistical Downscaling and Bias Correction

Salathé, E.P,A.F. Hamlet, M. Stumbaugh, S. Lee, R. Steed (2012) Estimates of 21st
Century Flood Risk in the Pacific Northwest Based on Regional Scale Climate Model

Simulations.

WRF Daily Downscaling Method

e WRF output is first regridded to 1/16" degree
e Then, for each VIC grid cell:

Historical VIC
A Daily CDF
1970-1999
Bias Corrected
Daily Time Serieg 4
[ WRF
1970-1999 WRF Daily | m— Daily CDF
2040-2069 Time Series 1970-1999
1970-1999 >
2040-2069

. WRF 12-km

resolution data
were regridded to
|/16™ degree using
Symap algorithm;
Regridded
precipitation and
temperature data
were then bias
corrected using a
quantile mapping
approach (Wood et
al. 2002) applied at
daily time step.
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BC & Non-BC climate data

12
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Differences between bias-corrected and non-bias-corrected in climate change
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4

Experiments

Objectives: to investigate how bias-correction(BC) over
regional climate model (WRF)’s climate data could affect
estimations on changes in major hydrological variables (ET,
runoff, snowpack, and nitrogen leaching), agriculture (crop
yields and water demand), andVOC emissions over the
future.

WRF/Obs. Met data => VIC offline: ET, Runoff, & SWE (Snowpack Water
Equivalence)

WRF/Obs. Met data =>VIC-CropSyst: Crop Yield, and water demand

VIC-CropSyst (crop systems) +VIC offline: runoff => NEWS: Dissolved
Inorganic Nitrogen leaching

VIC-CropSyst (crop systems) + VIC offline: temperature, precipitation,
radiation => MEGAN:VOC emissions
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Differences in the percentage rate of change between BC and NBC climate data and the simulated outputs driven by bias-corrected (BC)
and non-bias-corrected (NBC) climate. They are calculated as [ABC, ¢, (%) — ANBC,,_ ¢, (%)] for the period of 1980s-2020s and
[ABCy gos (%) — ANBCy ¢, (%)] for the period of 1980s-2050s. As to T, it is total differences in Celsius degree, i.e. (ABC,_ ¢, —
ANBC, ¢, for 2020s, and (ABCj ¢, - ANBC,,_ ) for 2050s. T: annual mean temperature, P: average annual precipitation, ET: average
annual evapotranspiration, Runoff: total runoff, SWE: Snowpack Water Equivalent on April 1, Total YD: total yield from all croplands;
Irrig. YD: Yield from irrigated cropland; D. YD: Yield from dryland (non-irrigated cropland); WD: total irrigation water demand over
irrigated cropland, HJ-ET: RHESSys modeled ET over HJ-Andrews watershed; HJ-GPP: RHESSys modeled Gross Primary Production
(GPP) over HJ-Andrews watershed; DIN: NEWS modeled Dissolved Inorganic Nitrogen yield over the Columbia River Basin. The small
stars under-or above each column mean P-value <-0.05 for the t-test of differences between BC anomalies-and NBC anomalies during
period of 2020s and 2050s, respectively.
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Monthly patterns

14.0%

50 WDiff-205 Obiff-50s

i £ Seasonal patterns of differences in climate and simulated
jom ﬂ hydrological variables driven by bias-corrected (BC) and
2 o “-r““ﬂ il without bias-corrected (NBC) data. Left column is

o wy TS monthly mean (from January to December) over
g o £ ﬂ different scenarios and time periods; right column is the
i ID ﬂgljﬂl]ﬂlm differences between BC- and NBC climate and modeled
e ol 'ﬂ o variables in two periods, i.e. 2020s-1980s and 2050s-
I . 1980s.The unit of Water Demand is Million acre-feet
SN (. H}ﬂ (MAF). Note: Precipitation, ET, Runoff, and SWE are

m U EWM difference in relative change in percentage, i.e. (ABC,,
" B e T ma e g0s/ BCog0s X 100%) — (ANBC g0/ NBC 950 X 100%) of
e each month for 2020s and (ABCsy, g0/BC9g0 X 100%) —
Eh, ﬂ - (ANBCy, 50/NBC 50, X 100%) of each month for 2050s;
S \ P “'W Temperature and water demand are difference in
OO R FE RS R absolute change, i.e. ABC, g0 — ANBC, g0, of each

month for 2020s and ABC; g0, — ANBC; g0, of each
month for 2050s.The small stars under or above each
column mean P value < 0.05 for the t-test of differences
between BC anomalies and NBC anomalies for each
month; The big star in diagram of SWE monthly

ﬂ I]Eﬂ differences means all months are significant (P < 0.05).
I

Demand (M

BieEarth E== W ==





Irrigation Water Demand (Acre Feet)
Obs. . BC80s . NBC80s Acre-Feet

- I __ _ ,)j _ . 5o [l s00-7s00

G A 4 }1 A0 < > N 20001 - 50 000 [ 2501 - 5,000
/# \'1 P2 A \'g I 15001 - 20000 1,001 - 2,500
(e % }F (L rea % -;;n‘“ { e % _h:}ﬁ_.-m,ﬂm-:ﬁ,uunm 501 - 1,000
S Rl Saatty Y A% Ny YA B 7500- 10,000 [T |5-500

g7 | 23

ik 1 i

L L L i

w ) | v s i : S 1 e,
), s N o XS . A _'x o
. o = i "y b i, - ok ;i . i -

e e L r I ; o T E, A i
- sy k) L ibeed T

[ 1 [ | T 107 [ T T o,
20 -16 -12 -8 -4 0 4 8 12 16 20

ABCyos.505 (%) - ANBC;os.505 (%) p _. ABCsos.50s (%) - ANBCsos50s (%) " ,.

r
F

.
gy

= e, -
- i - i
- 2
i, | -
gl A

¢ - ""‘.ﬁ B
BieEarth ==l S





GPP (gC/m*/yr)

Obs. BC80s NBC380s gC‘/mz‘f\r‘r
. B oo sa [ et
B 20 1330 [ 4sa-517
B om0 1230 ] =00-48s
! B ozs - 1000 [ 155308
' | I 7z-02s o 154
ABCaossos (%) ANBCps-505 (%) ABCsps-g0s (%) ANBCsps.g0s (%)
I
-EE}

ABCy0s.80s (%) - ANBCy0: 505 (%) ABCspe.g0s (%) - ANBCsps.g0: (%)

BIQ Ea rth PE::ﬁ.’omrirrur!fl system model





Attribute effects of BC T & BC P
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Figure 6# Contributions of bias-corrections (BC) on temperature (T) and precipitation (P) to the total
differences of modeled changes in major hydrologic variables and crop yield between BC and Non-BC
(NBC) climate driving forces. Left panel: during period of 1980s-2020s; and right panel: during 1980s-
2050s. ET: average annual evapotranspiration, Runoff: total runoff, SWE: Snowpack Water Equivalent on
April 1, Total YD: total yield from all croplands; Irrig.YD: Yield from irrigated cropland; Dry. YD: Yield
from dryland (non-irrigated cropland); WD: total irrigation water demand over irrigated cropland.

Total differences are calculated as ABC (%) - ANBC ¢ (%); BC T’s effects are calculated as:
{[ABC¢p (%) - ANBC;BC,, (%)] + [ABC;NBC, (%) - ANBC,; (%)]/2; BC P’s effects are calculated as:
{[ABC;¢p (%) - ABC;NBC, (%)] + [ANBC;BC,; (%) - ANBC;¢p (%)]/2.
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Major conclusions

» Using RCM modeled climate data directly without bias-
correction in climate change impact studies could lead to
large bias due to system errors of RCM model and none-
linear responses of ecological and hydrological process to
climate change;

» Even though the delta change of T (shifted) and P (scaled)
are well reserved after bias-correction, this post-process
process could produce big uncertainties in quantifying
impact of climate change due to impairing spatiotemporal
field consistency, relations among variables, and
conservation principles.
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Wednesday, February 20, 2013
Location: CUE 518
Washington State University
Pullman, WA

AUDIO connection: 509-335-4700 pin number 3637#
VIDEO connection (no audio): http://breeze.wsu.edu/bioearth/

8:45 am
9:20 am
9:40 am
10:00 am

10:15 am

10:50 am

11:30 am

12:00 pm

1:00 pm — 5:00pm

AGENDA

Welcome and Introductions (Members who haven’t done so already
are encouraged to prepare a 1-slide introduction of themselves and
which will also be posted here:
http://www.cereo.wsu.edu/bioearth/biosketch.html)

Working Group Presentations — Response to information, data,
and model needs by other groups and outline of 1-year and longer-
term plans (5-10 min) followed by discussion

WG III — Communications — Chad Kruger/Liz Allen (<35 min total)
WG I — Atmospheric — Serena Chung (<20 min total)

WG I — Terrestrial/Aquatic — Jenny Adam (<20 min total)

BREAK

WG II — Economics — Mike Brady (<35 min total, including discussion
for information needs into/out of economics model)

Project Integration — Jenny Adam (<20 min total, including discussion
on linkages and variables in fully-integrated model)

WG I - Cyberinfrastructure — Joe Vaughan (<20 min total, including
discussion on strategy for implementing Kepler Workflow)

Discussion on BioEarth papers (current and future ideas)

Overview on bias correction paper — Mingliang Liu (<15 min total)
Group discussion on ideas for future papers

LUNCH (joint with WISDM project)

WISDM All-Hand Meeting (BioEarth participants are invited)
Relocate to CUB Jr. Ballroom (CUB 210)







Name Institution, Department Role Team
Principal lead, terrestrial
Adam, Jennifer WSU, Civil&Environmental Engineering [team lead Terrestrial

Allen, Liz

WSU, School of the Environment

PhD Student

Communications

Anderson, Sarah

WSU, Biology

PhD Student

Terrestrial/Atmospheric

Beall, Allyson

WSU, School of the Environment

Core Faculty

Communications

Steering Committee,

Brady, Mike WSU, School of Economics Economics Team lead Economics
Chandrasekharen, Bhagyam|WSU, School of Economics PhD Student Economics
Chen, Yong 0osu Core Faculty Economics
Choate, Janet UCSB, Bren School Research Assistant Terrestrial

Chung, Serena

WSU, Laboratory for Atmospheric
Research

Steering Committee,
atmospheric team lead

Atmospheric

Evans, Dave WSU, Biology Steering Committee Terrestrial
Gould, Greg WSU, Civil&Environmental Engineering [MS Student Terrestrial
Gruber, George WSU, Computer Sciences MS Student CyberlInfrastructure

Guenther, Alex

NCAR

Core Faculty

Atmospheric/Terrestrial

Harrison, John

WSU, Vancouver, School of the
Environment

Core Faculty

Terrestrial

Jiang, Xiaoyan

NCAR

Visiting Scientist

Atmospheric/Terrestrial

Kalyanaraman, Ananth

WSU, Computer Sciences

Core Faculty

CyberlInfrastructure

Kruger, Chad

WSU, CSANR

Steering committee,
communications team
lead

Communications

Lamb, Brian

WSU, Laboratory for Atmospheric
Research

Steering Committee

Atmospheric

Leung, Fok-Yan

WSU, Laboratory for Atmospheric
Research

Core Faculty

Communications/ Atmospheric

Leung, Ruby

PNNL

Core Faculty

Atmospheric/Terrestrial

Liu, Mingliang

WSU, Civil&Environmental Engineering

Core Faculty

Terrestrial/Atmospheric

Malek, Keyvan

WSU, Biological Systems Engineering

PhD Student

Terrestrial

Miller, Cody

WSU, Vancouver, School of the
Environment

MS Student

Aquatic/Terrestrial

Mullis, Tristan

WSU, Computer Sciences

MS Student

CyberlInfrastructure

Nergui, Tsengel

WSU, Laboratory for Atmospheric
Research

PhD Student

Atmospheric/Terrestrial

Norton, Todd

WSU, Communications

Core Faculty

Communications

Perleberg, Andy

WSU, Forestry Extension

Core Faculty

Communications

Poinsatte, Justin

WSU, Biology

PhD Student

Terrestrial

Rajagopalan, Kirti

WSU, Civil&Environmental Engineering

PhD Student

Aquatic/Terrestrial

Reyes, Julian

WSU, Civil&Environmental Engineering

PhD Student

Terrestrial

Stephens, Jennie

Clark University

Core Faculty

Communications

Stockle, Claudio

WSU, Biological Systems Engineering

Steering Committee

Terrestrial

Tague, Christina (Naomi)

UCSB, Bren School

Core Faculty

Terrestrial

Vaughan, Joe

WSU, Laboratory for Atmospheric
Research

Steering Committee, Cl
team lead

Cyberinfrastructure/ Atmospheric

Yoder, Jon WSU, School of Economics Core Faculty Economics
Yoon, Jin-hu PNNL PostDoctoral Associate Atmospheric/Terrestrial
Yorgey, Georgine WSU, CSANR Research Associate Communications

Zhu, Jun

UCSB, Bren School

PostDoctoral Associate

Terrestrial







Here are the items that the Cl folks need!

Requirements for Cl Kepler workflow development:

For each model:

e who is the primary contact for information on model version, input and output data flows (files)

and control options (or files)?

e what are the required input files, their file type (ASCIl or binary or proprietary) and their origin

(model results or observational data)?

e what are the resulting output files, their file type (ASCII or binary or proprietary)?

e what control information, runtime options, environment variables, parameters or control files

are required, and how are they to vary across the modeling experiments using this model?

Here are the items that the Economics folks need!

BioEarth All-Hands Meeting: Economics Summary

1) Information/data/models needed to move forward

a.

Parameters for crop yield water curves. Our current approach is to use WIG estimates
as the point for full irrigation and then a guess on the y-intercept. A quadratic function
is then fit to get a concave production relationship. We need to determine for which
crop/region CropSyst runs can be performed to provide additional points to estimate
parameters. We are currently aggregating to about 10 crop groups (more and the model
has problems converging) and net returns are a weighted average of crop types within
the region as informed by WSDA. Date: May, 2013

We are also trying to model nitrogen so that there is a water/nitrogen concave
production surface. We need to know whether process based models will provide
additional information on this relationship. May, 2013

Determine what source of data will be used to develop the stochastic economic model
under future climate. May, 2013.






Research questions being addressed by BioEarth Teams! (Note that all of these activities are funded
directly from BioEarth, but are very much related to BioEarth activities)

Overarching Questions — from the proposal

Our overarching goal is to improve understanding of C, N, and H,O interactions in the context of global
change to better inform decision makers involved in natural and agricultural resource management.

Specific Objective #1: To determine the influence of atmospheric processes on surface C:N:H,0 cycles.
e Science Question: How do future changes in inter-annual to decadal-scale climate variability patterns
(e.g., ENSO and PDO) affect regional-scale coupled C:N:H,0 cycles?

Specific Objective #2: To determine how ecosystem processes will be affected by climate change and

climate variability and how these regional changes feed back to the atmosphere.

e Science Question: How do inter-annual to decadal-scale changes in coupled atmospheric, terrestrial
and aquatic C:N:H,0 cycles affect regional meteorology, greenhouse gas fluxes, and other
atmospheric trace gas cycling?

Specific Objective #3: To investigate alterations to and interactions among C:N:H,0 cycles from changes
in land use within and across sectors, water use for irrigation, nutrient applications, and other
production inputs under a range of climate change adaptation and mitigation policy scenarios.

e Science Question: How do proposed mitigation and adaptation strategies affect C:N:H,O cycles at
both the intensive (input use) and extensive (land use change) margin, and how might the impacts
of these strategies feed back to regional meteorology, greenhouse gas fluxes, and ecosystem
change, including both agricultural lands and managed natural landscapes?

Specific Objective #4: To produce scientific results that can support stakeholder decision-making related
to agriculture, forestry, and resource management by designing, implementing, and assessing an
interactive and iterative model development process between scientists, practitioners, and the public.
e Science Question: How does regular interaction between Bio-EaSM developers and resource
stakeholders influence the perceived relevance and utility of Bio-EaSM to decision-making?

Atmospheric Group — WG la

Tsengel Nergui’s (advised by Serena Chung) Dissertation Topics:

1. How does climate variability impact seasonal N deposition rates in the US? Are the correlations
with climate indices different or the same for NH," vs NO;™?

e Apply wavelet analysis on historical data

2. Does the WRF and CMAQ (uncoupled) capture the impact of ENSO on N deposition in the PNW?

e Run offline WRF & CMAQ simulations for selected ENSO years and evaluate with results
from #1. The years selected will be based on results from #1 where the signals of the
observations are the highest.

e Perform synoptic pattern analysis and detailed evaluations of how well WRF does on getting
the precipitation patterns right in terms of frequency, spatial distribution, and form of
preciptation (snow vs rain).

3. What is the source contribution of N deposition for sensitive ecosystems in the western US?





e Run offline WRF and CMAQ-adjoint for selected weeks and evaluate with stable isotope
composition data of deposition samples (with Dave Evans and Sarah Anderson)
e Similar analysis as #2, but for several weekly periods
4. What is the projected change in N deposition rate in 2050s in the PNW (or western US) due to
climate change?
e Run CMAQ (with MEGAN) with future climate results downscaled by WRF-BioEarthLand

Sarah Anderson’s (advised by Dave Evans) Dissertation Topic:

5. To better understand atmospheric deposition of nitrogen, its source-receptor relationships, and
its ecological impacts by combining isotopic analyses, atmospheric modeling, and biological
indicators

More Atmospheric-Relevent Science Questions for a post-doc or another student and involved coupled
models:

6. How well does WRF-VIC/CropSyst simulate CO,, CH,4, N,O, and NH; emissions?
e Add CO,, CH4, N,O to CMAQ and use WRF-VIC/CropSyst (uncoupled and coupled) results to
drive CMAQ (and MEGAN, offline from WRF-VIC/CropSyst) simulations
e Hypothesis: By including a crop model, surface roughness is explicitly modeled (as crops
grow and are harvest) and prediction of surface moisture is improved. This should improve
meteorological results of WRF, which should then improve CropSyst's predictions
7. What is the impact of fire emissions on nitrogen deposition?
e  Run coupled WRF-BioEarthLand-CMAQ_(i.e., "final" coupled model) for selected historical
fire cases

Terrestrial/Aquatic Group — WG Ib

Justin Poinsatte’s (advised by Dave Evans) Dissertation Topic:

Preliminary modeling with DayCent in 2011-12 analyzed the effects of atmospheric nitrogen (N)
deposition on critical biogeochemical processes in subalpine ecosystems of the central Cascade Range.
Field data were collected in 2012 that addresses the source of N deposition in snowpack and the
biogeochemical cycling of three subalpine vegetation communities. Future objectives are to 1) Use
results from the preliminary modeling and data collection to inform manipulative experimental design
to measure community-specific responses to elevated N deposition and to 2) Integrate field results with
DayCent and RHESSys under modeled climate change scenarios to inform BioEarth and land
management decisions.

Keyvan Malek’s (co-advised by Claudio Stockle and Jennifer Adam) Dissertation Questions:
By developing a fully coupled large-scale hydrology and cropping system model (VIC-CropSyst), we can
address these questions:
1. Whatis the effect of improvement of irrigation system efficiency on water availability of Yakima
River Basin?
2. What are the effects of climate change and different irrigation managements and strategies on
agricultural water availability and evaporative losses in the Yakima River Basin?
3. What are the feedbacks of irrigation management on local atmospheric conditions, and how
does this impact water demand and overall water resources availability? (this question utilizes
the WRF-VIC/CropSyst coupled model)






Mingliang Liu’s Research:

1.

How do spatial scale representations in RHESSys affect simulations of regional carbon and water
fluxes, e.g., for a case study over the Willamette basin (to support WISDM project);

How do dynamics of terrestrial ecosystems interact with the regional climate system in the
Pacific Northwest (necessitates use of the WRF-VIC coupled model);

What are the effects of land-use and land cover change on water fluxes in the Pacific Northwest
during 1973-2005.

Kirti Rajagopalan’s (advised by Jennifer Adam) Dissertation Questions:

What are the effects of climate change (precipitation, temperature, carbon dioxide) and crop
mix due to socioeconomic changes on water supply, demand and shortages in the Columbia
River basin?

What are the effects of climate change on agricultural productivity (irrigated and non-irrigated)
in the Columbia River basin? How do the relative effects of changes in precipitation,
temperature, and carbon dioxide concentrations impact crop yield at multiple periods in the
future; is crop yield response to climate change nonlinear?

Cody Miller’s (advised by John Harrison) Research:

Adapt NEWS to run on a regional scale and integrate a spatially explicit wetland component to the
regional NEWS model.

Julian Reyes’s (advised by Jennifer Adam) Dissertation Research:

1.

How do long-term grassland management schemes, such as grazing and cutting (i.e. haying),
affect productivity, and stores of carbon and nitrogen in soils and plants?

How can these processes by represented in an ecohydrology model? What spatial scales are
needed to represent grassland ecohydrology over a range of climatic gradients and
management intensities?

What are the potential nonlinearities in grassland biogeochemical processes in respond to
changes in climatic conditions and management intensities?

Christina Tague’s Research Group:

Research questions associated with the California Critical Zone Observatory (see Figure 1 in Appendix)

1.

What are the impacts of fine-(micro-meter) scale topographic, vegetation structure and snow
heterogeneity on ecohydrologic predictions and their sensitivity to climate variability and
change in Sierra catchments? As part of answering this question we use models to develop
strategic sampling design to capture soil moisture and vegetation water use patterns in Sierra
catchments?

How do soil and regolith patterns influence the spatial patterns of ecohydrologic variables
(streamflow, transpiration, NPP) and their sensitivity to climate variability and change across an
elevation gradient in the California Sierra (and other Western Mountain regions) - a related
guestion that we are asking with geologists as part of the CZO is: how do the interactions among
climate, vegetation and soil develop processes influence the evolution of these patterns over
long time scales? This extends our previous work on the role of geology in mediating streamflow
responses to warming (Tague and Grant, JGR 2009, Tague et al., 2012, HESS)





Cross-Site Vegetation-Streamflow Interactions

Garcia’s research explores the influence of forests on streamflow in three western United States
mountain watersheds located in Oregon’s Western Cascades, Colorado’s Rocky Mountains and the
California Sierra Nevadas. It focuses on highlighting the regional differences in the influences of climate
and landscape characteristics on forest evapotranspiration (ET) and their implications for changes in
streamflow. The second part of her work seeks to expand our understanding of forest responses to
these primary controls through use of a dynamic vegetation model, focusing on basin-scale changes in
streamflow due to changes in plant allocation strategies and asking:

1. How do the timing and magnitude of water and energy inputs (snowmelt, rain/snow
partitioning, temperature) change forest ET? How do vegetation characteristics and soil storage
influence this relationship?

2. How does a dynamic carbon allocation cycling strategy (i.e., fixed ratio, age-based, resource-
based) influence streamflow response under historic climate conditions? How do these
responses change with warmer temperatures?

3. How will streamflow respond to changes in forest species at variable spatial extents? How will
streamflow recovery to disturbance vary with increasing inter-annual climate variability?

As part of this work, Garcia tests the sensitivity of ET, NPP and streamflow estimates to climate forcing
data (in particular inclusion of fine-scale met. features such as cold air drainage in mountain
environments - Garcia et al., WRR, in press)

Role of Vegetation-Management (Thinning/Control Burn) on Semi-Arid Forest water use and

streamflow

Dugger as the following questions for a semi-arid forested water supply watershed in New Mexico

1. How well does RHESSys capture streamflow, remote-sensing derived forest LAI, inter-annual
growth across elevation gradients (based on tree rings) and literature based estimates of forest
carbon stores in this region?

2. Based on this model, how will water supply vulnerability for Santa Fe change under different
climate and land management scenarios
3. How does streamflow and water partitioning between transpiration and evaporation change

under different scenarios of forest management and forest dieback? (Recent observation based
literature in the Western US leads to conflicting conclusions about how moderate changes in
forest structure (due to drought or thinning) influences streamflow - Here Dugger uses the
model to disentangle why these conflicting results may occur)

Drought stress -response of forests

1. How does changing the timing of snow-melt influence the availability for useable water for
forests? (in review JGR, Biosciences)

2. Can we capture watershed to regional scale drought-related forest mortality patterns - and the
relative influences of changing precipitation magnitude and timing, temperature and forest
management activities (thinning, fire-suppression) on these patterns? (Do we need to include
explicit representation of insect dynamics and spread independent of drought stress estimates)

3. (first paper in review PLOS)

4. How do forest responses to drought stress influence fire extent?





Economics Group - WG Il

1. How can we develop new approaches for integrating traditional equilibrium based economic
models with spatially explicit grid cell based economic models? Both rely on optimization rather
than simulation but their concepts of equilibrium are very different.

The traditional approach to representing economic decision making in integrated modeling is to
aggregate significantly over the spatial dimension to make it possible to define relatively small
number of sub-regions that result in a tractable equilibrium optimization model. While this
approach does permit accounting for some spatial heterogeneity in growing conditions, through
agro-ecological zones or sub-region specific production function parameterizations and resource
constraints, it does not allow for spatially explicit modeling. This is a significant problem when
modeling regions dominated by irrigated agriculture for a number of reasons. Adaptive responses to
climate change by economic “agents” typically reverberate heterogeneously across space due to
changes in consumptive use, return flows, water transfers, and cropping patterns. This approach
also does not allow for direct coupling to biophysical models that are grid based. The result is that
all of the detail in the biophysical model must first be aggregated to the sub-regions of the economic
model, which then runs and provides output that must be disaggregated back down. This process
throws out a lot of information. There is a significant potential for economic models of irrigated
agricultural regions to draw from the regional science and urban economics literature that have
begun to enrich grid cell based models developed in geography with a more substantial
representation of human behavior. However, a number of obstacles remain that are directly related
to model integration. An important science question is to develop approaches for integrating grid
cell based spatially explicit economic models with traditional equilibrium models within the larger
question of coupling to biophysical models.

2. How can we develop approaches that adequately represent the complex influence of policies
that shape how resources are used through legal and regulatory institutions in a way that is
simple and generalizable enough to make models tractable?

It is widely recognized that economic models based on mathematical programming tend to
overestimate producer response to changes in conditions. Inadequate consideration of constraints
on decision making like crop rotations, information costs, time constraints, and cognitive limitations
are known to be important but remain difficult to model. Another important factor is the system of
water law and regulation that inserts a very complicated layer that is very difficult to adequately
abstract within an economic model in any way other than ad hoc restrictions. In order to develop
economic models that better predict behavior it is critical to identify ways to consider how resource
policy, regulation, and enforcement shape decisions over matters like irrigation intensity, crop
choice, and irrigation efficiency. This is in part a question of taking the time to use all available
information, but advances can also be made in terms of modeling. A movement towards grid cell
based models would make it possible to embed policy related influences on production at a more
disaggregate level.

Communications Group — WG Il
Liz Allen’s Research:

Analyzing perceptions of model development among researchers and stakeholders with the goal of
developing effective science communication and stakeholder engagement strategies.
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BioEarth Stakeholder Meetings

The following questions were developed for use during BioEarth’s first series of
stakeholder advisory workshops that are set to take place in Seattle on February 27" and 28"
We’re looking forward to convening these meetings and expect to have about 45 stakeholders
from diverse backgrounds in attendance. Using a digital response system (handheld clickers)
we’ll be able to get input from stakeholders about their current and future concerns, questions,
and information needs. The information from the multiple choice clicker questions will guide
open-ended discussions about nitrogen and carbon management and water availability. Through
these workshops we hope to learn how stakeholders prioritize different issues and scenarios that
could potentially be explored in the BioEarth modeling framework.

Input from many members of the research team guided the development of these
questions. Although there is not time to make large changes to the questions and agenda structure
for the upcoming meetings, we’re interested to know if people have suggestions to improve the
clarity and utility of these questions, or if there are suggestions about more significant changes
that we can apply to stakeholder workshops in future years.

Carbon and Nitrogen Supply Questions for Stakeholders

Obijective I: To understand current concerns about carbon and nitrogen management in forests and agricultural
systems (environmental, economic, resource availability, other problems).

1. To what extent do concerns about nitrogen influence your decision-making? This may include direct or indirect
decisions about land management, educational programs or regulatory policies, or research and technology
development.

a. Notatall

b. Alittle

c. Alot

d. The primary driver

2. To what extent is nitrogen’s contribution to atmospheric GHG concentration a matter of concern?
Not a matter of concern

Relatively little concern

Moderate concern

Extreme concern

Haven’t thought about it
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3. To what extent is nitrogen’s impact on surface water quality a current concern?
(Multiple-choice options for questions 3-6 are the same as those in question 2)

4. To what extent is nitrogen’s impact on air quality a current concern?

5. To what extent is the current cost of nitrogen fertilizers a matter of concern?

6. To what extent are regulatory measures related to nitrogen a matter of concern?
7. Are you concerned about other current nitrogen impacts not mentioned above?

a. Yes (please mention these during the discussion period)
b. No





8. Select the top three sources of nitrogen pollution of greatest concern:
a. Wastewater
b. Atmospheric (fossil fuels)
c. Synthetic fertilizer applied to crops
d. Runoff from manure or sewage applied to crops
e. Runoff from dairy farms/ livestock operations
f. Ecosystem or non-human derived sources
g. Other (please mention during the discussion)
h. Haven’t thought about it

9. To what extent do concerns about carbon influence your decision-making? This may include direct or indirect
decisions about land management, educational programs or regulatory policies, or research and technology
development.

a. Notatall

b. Alittle

c. Alot

d. The primary driver

10. To what extent is the impact of carbon on ecosystem productivity a current concern?
Not a matter of concern

Relatively little concern

Moderate concern

Extreme concern

Haven’t thought about it
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11. To what extent is the impact of carbon on agricultural productivity a current concern?
(Multiple-choice options for questions 11-17 are the same as those in question 2)

12. To what extent is the impact of carbon on forest productivity a current concern?
13. To what extent is the effect of carbon emissions on climate a current concern?
14. To what extent is the impact of fire on carbon stores a current concern?
15. To what extent is the impact of climate change on carbon stores a current concern?
16. To what extent are current land management practices’ impacts on carbon stores a concern?
17. To what extent are the impacts of pests and plant diseases on carbon stores a current concern?
18. Do you have other concerns about other factors that impact carbon stores?
g. \l\ﬁs (please mention these during the discussion period)

Objective 1 Open-ended Discussion Questions:

A. What concerns about the impacts of N and C do you have that weren’t mentioned in the clicker survey? Why are
the things you marked as your top concerns so urgent? (Why are some things less urgent?)

B. Which decisions are influenced by N concerns? How do these concerns drive decision-making? How does N
relate to other factors when they come into conflict for making decisions? (Eliciting examples may be helpful here.)

C. What decisions are influenced by C concerns? How do these concerns drive decision-making? How does C relate
to other factors that are influencing your decisions? (Elicit examples.)





D. Follow up to get more information about where people are coming from geographically, what they consider to be
their geographic area of primary interest, and what information or observations influenced their response.

Obijective 11: To understand questions stakeholders have about how future changes (ie. climate, markets, policy)
might impact carbon and nitrogen management.

19. Information about the environmental effects of different nitrogen management practices would help me most if
such information were available on the following timescale:

Weeks

Months

1-2 years

Decades — 10 years

20-50 years

Other
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20. Information about the environmental effects of different carbon management practices would help me most if
such information were available on the following timescale:
(Same options as question 19)

21. How do you think most land managers would respond to a 50% increase in fertilizer prices if that increase were
expected to be temporary (1 year)? (If you manage fertilizer, please answer for yourself)

a. No change in fertilizer use

b. Reduce fertilizer use

c. Reduce use of other inputs (e.g. herbicides, pesticides, water)

d. Increase use of other inputs

e. Adapt using other strategies not mentioned here (please mention during the discussion)

22. How do you think most land managers would respond to a 50% increase in fertilizer prices in the long-term
(they expect a permanent price increase)? (If you do manage fertilizer, please answer for yourself)
(Multiple-choice options for questions 22-24 are the same as those in question 21)

23. How do you think most land managers would respond to a 200% increase in fertilizer prices if that increase were
expected to be temporary (1 year)? (If you manage fertilizer, please answer for yourself)

24. How do you think most land managers would respond to a 200% increase in fertilizer prices in the long-term
(they expect a permanent price increase)? (If you do manage fertilizer, please answer for yourself)

Objective 11 Open-ended Discussion Questions:

G. At what cost should we reduce N in water bodies? We could discuss whether a 50%--or 200%-- increase in the
cost of food (or fertilizer tax / subsidy) in order to mitigate N pollution into water is acceptable, and allow the price
to drive our selection of what technology (N inhibitors, precision N application equipment, dairy N recovery
technology, more land for manure application, etc.) is considered in the scenario we model.

H. What factors that would drive a change in the fertilizer strategies that producers use? (Synthetic, manure,
sewage...)

I. What (if any) policy tools for managing carbon might be plausible in the Pacific Northwest? (Carbon credits in a
voluntary market, cap and trade, or other strategies?)

J. What are the gaps in your understanding of carbon storage potential in agricultural and forestry soils in the PNW
region?

K. Are there any specific scenarios (environmental, economic, regulatory) that you would you like to see addressed
in a model like BioEarth that integrates economics and biophysical processes?





Water Availability Questions for Stakeholders

Objective I: To understand current concerns about water supply issues in forests and agricultural systems.

1. To what extent is water availability a matter of current concern?
Not a matter of concern

Relatively little concern

Moderate concern

Extreme concern

Haven’t thought about it
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2. To what extent do concerns about water supply influence your decision-making? This may include direct or
indirect decisions about land management, educational programs or regulatory policies, or research and technology
development.

a. Notatall
b. Alittle
c. Alot

d. The primary driver

3. In the event of a temporary (one year) 10% reduction in summer water from snowmelt, please rate this concern:
Curtailment of junior water rights holders.

Not a matter of concern

Relatively little concern

Moderate concern

Extreme concern

Haven’t thought about it
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4. In the event of a temporary (one year) 10% reduction in summer water from snowmelt, please rate this concern:
Meeting instream water needs to support fish populations.
(Multiple-choice options for questions 4-6 are the same as those in question 3)

5. In the event of a temporary (one year) 10% reduction in summer water from snowmelt, please rate this concern:
Increased fire hazard.

6. In the event of a temporary (one year) 10% reduction in summer water from snowmelt, please rate this concern:
Reduced electricity generation.

7. Do you have other concerns about the effects of water scarcity not mentioned above?
a. Yes (please mention these during the discussion period)
b. No

8. To what extent is increased out of stream water demand a current concern for water availability?
(Multiple-choice options for questions 8-9 are the same as those in question 3)

9. To what extent are changes in land management practices a current concern for water availability?

11. How significant is the impact of increasing irrigation efficiency on current water availability relative to other
factors than impact water availability?

The most important factor

Very important

Average importance

Low importance

Not important

Haven’t thought about it
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12. How important are the impacts of regulatory policies on current water availability, relative to other factors than
impact water availability?
(Same options as question 11)

13. Can you think of other factors that impact water availability which you are concerned about?
a. Yes (please mention these during the discussion period)
b. No

14. Are you aware of producers that have changed their irrigation practices in the last 5 years? If so, how have they
changed? (If you do irrigate, please answer for yourself) Please select all that apply:

a. Changed cropping patterns

b. Invested in more efficient irrigation delivery systems (drip, center pivot)?

c. Deficit irrigate more often but otherwise keep everything the same.

d. Other strategies not mentioned here

e. Not sure/ don’t know of producers who have changed irrigation practices

15. How do you think most farmers who irrigate respond when winter snowpack is low in late winter/early spring?
(If you do farm, please answer for yourself)

a. No change in planting and expect to deficit irrigate if there are prorated.

b. Reduce acreage of annual row crops.

c. No change in planting and expect to lease water from someone else.

d. Reduce planting of annual row crops and expect to sell, on a short term basis, water to someone else.

e. No change in planting of annual row crops that will be deficit irrigated and sell water, on a short-term

basis, to someone else.

Objective | Open-ended Discussion Questions:
A. What current concerns do you have about factors that impact water availability that weren’t addressed earlier?

B. What regulatory concerns do you have? At what level might these changes occur? (e.g. state, regional, federal,
international)

C. What management decisions do you make that impact water availability? How? What factors (both water-
related and non-water related) factor into these decisions?

D. What factors led to changes in irrigation practices? Under what conditions would water marketing be plausible?
Avre there potential challenges related to water marketing? (Make sure to discuss both in-basin transfers and out-of-
basin transfers.)

Obijective I1: To understand questions people have about how future changes (ie. climate, markets, policy) might
impact regional water supply.

16. To what extent are future reductions in winter snowpack an issue of concern?
Not a matter of concern

Relatively little concern

Moderate concern

Extreme concern

Haven’t thought about it
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17. To what extent are future reductions in summer precipitation an issue of concern?
(Multiple-choice options for questions 17-19 are the same as those in question 16)

18. To what extent are future increases in water demand a concern?

19. To what extent are future changes in land management practices an issue of concern for water availability?





20. How important will future changes in irrigation efficiency be for water availability relative to other factors?
The most important factor

Very important

Average importance

Low importance

Not important

Haven’t thought about it
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21. How important will future regulatory policies be for water availability relative to other factors?
(Same options as question 20)

22. How concerned are you about future changes in the cost of water?
Not at all concerned

A little concerned

Quite concerned

Extremely concerned

Haven’t thought about it
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23. How do you think most farmers who irrigate would respond to a permanent increase in the frequency of water
curtailments (not allowed to divert their full right due to in-stream flow requirements)? (If you do farm, please
answer for yourself)

a. Change cropping patterns.

b. Invest in more efficient irrigation delivery systems (drip, center pivot)?

c. Deficit irrigate more often but otherwise keep everything the same.

d. Sell their water right.

Objective 11 Open-ended Discussion Questions:

E. What specific scenarios would you like to see addressed in a model like BioEarth that has the capacity to
integrate agent-based economic models with a biophysical model? What would be of most interest to you (in terms
of understanding the impacts, prompting public conversations?

F. What potential strategies for better managing water supply in the future are of most interest?

G. What gaps in understanding exist for current and future water supply?

H. How do you think most farmers who irrigate would respond to a policy that paid for increased irrigation

efficiency with state funds and allowed farmers to increase their total irrigated acreage in exchange for keeping
some portion (%?) of the water saved in the stream?





