Development and Use of Climate, Land-Use, and Hydro logy Scenarios in EPA/NCEA's Global

Change Research Program

Christopher P. Weaver, Britta G. Bierwagen, Thomas E. Johnson, Susan H. Julius, Philip E. Morefield, and Jordan H. West
U.S. EPA, Office of Research and Development, National Center for Environmental Assessment, Global Change Research Program (www.epa.gov/ncea/global)

Abstract: EPA’s Global Change Research Program is devoting

a major effort to the development of national-scale, spatially . . . . .
explicit scenarios of future climate, land use, and hydrologic 1. Climate Change Scenarios 2. Land-Use Change Scenarios 3. Hydrologic Change Sc  enarios
change in the United States. This work is designed to support

assessments of climate change vulnerabilities that start with a

focus on existing natural resource management goals. The goals We are gcqui.ring dynamica}lly O_Iownscaled future plimate change N 2\
of this effort are: (|) to allow us to make a national-scale scenarios via a partnel’Shlp with the North American Reg|0na| Goals: o | 0 River Bain Central Nebraska ;m?rsl\gissizissippi — Rew England
assessment of the potential range of sensitivity of hydrologic and Climate Change Assessment Program (NARCCAP) » Create seamless scenarios of population, 'ﬁi’éﬂﬂ""’"?l"ufmmm Ocean ’M A X ), L e D O
water quality endpoints to climate and land-use change; (i) to http://www.narccap.ucar.edu/ housing density, and impervious surface for mﬂwm mm‘n;? o\w\; . N [ o %3,
. - . . . . H . L !m'ﬂm ; - iotsie) [\ / N K W . / L R
provide a large-scale context for more detailed analyses in Koy Facts: the conterminous U.S. consistent with IPCC TR Ao B RN () Y S S
selected places; (i) to help guide prioritization of work to the y ' storylines | @”RB ML a8y f-?-a; “Ocean
most vulnerable regions and systems; (iv) to help us synthesize 6 international modelin 3200 » Provide consistent benchmarks for local N o B, 5 TR Susosrar
place-based results to draw national-level conclusions; (v) to feams particinatin J o and regional land use studies SN ~gunpee ey
place a meaningful lower bound on model and methodological P pating 2600 * Identify geographic areas where AR < QU= TN e 2 , ANy 00
. - . . . . oa Y " | | 5 'ré;n ke N g o N\ Drainage Basin
uncertainty our assessments. These scenarios are already being Future: 2040-2070 o climate/land use interactions may exacerbate Saitorma 6 Ngme o o f 71 47 G :
) . ) . - - . i ) f&izgena Eisin RNEERRN U 14 ki v Georgia-Florida
applied in a number of research and assessment projects. S o impacts or create adaptation opportunities i\i G G A
1800 E \ d . P T '
. . . . x | 7 : alachicola- <} r
Key Issue: We need to manage uncertainty about future global Spatial grid: 50-km 1400 | Ponicharran é\,?:tlﬁgfggghee- , S
. . . . 12060 ) ; 6 ! 7 Drainage (pilot site) : 4 N
- : ' >t . Gulf of 7
change under.g-rlsk assessment paradigm, wtmere we focus or,l’ Time freq: 3-hourly 1000 Integrated Modeling Structure Sy utror 5
key vulnerabilities, rather than under a “predict-then-act, 800 R - @ E
i i : ; 600 . . Ly X ]
paradigm, where we attempt to prepare for a single, most likely Change in average amount, o Initial county population and Alb. A2 — SR Noa Arems . "
. . . . e— ' D 1055 Abers e TETRATECH
future. seasonalit . Intensity, 200 SRES storylines BE Municipal Boundaries o ot 5 S BT
for T, P, wind 51, B2
extremes for T, P, winds, 0
ility/- ¥LON
To do so, we have. developed a vulnerability-based framework, clouds, etc. o Repeat Cohort-component model
based on the following elements: y
Births Watershed modeling in 20 U.S. watershed regions (~ 10 HUCS8 each)
1. Understand the decision cpntext of establighed management NARCCAP Simulation Strategy 1 _Deaths Focus on nutrients, sediment, streamflow
goals/endpoints and supporting sets of decisions to maintain Migration Aging Daily data for 30-year historical and 30-year future periods
these into future . . ) o
- Domestic Migration : : :
2. Develop conceptual model of system — bottom up from IPCC A2 Emissions Scenario Total population per countv per >tc MIY Phase | (5 watersheds for which team has most modeling experience):
. . popuiation p yp - Intl. Migration
endpoints back up to global change drivers l l \ time step Climate Amenities - 2 models, HSPF and SWAT
3. Develop range of plausible future scenarios - 6 NARCCAP climate change scenarios
4. Assess vulnerability across this range (esp. thresholds) S!Ob?' GFDL CGCM3 - 2 ICLUS land-use change scenarios
. Imate : : e . T .
5. Assess tradeoffs between or unintended consequences of Models — (N%i'A) Canada Housing allocation - Sensitivity tests: downscaling, precipitation, and ET methodologies
different policy options (GCMs)
6. Identify robust solutions to build readiness l l l Population for next time step Ph:;gllzl (relmammg 15 watersheds):
- only
There is a critical, dual role in this framework for earth system —— t — — e - 6 NARCCAP climate change scenarios
. . - - uture .
models: (a) they help us improve our understanding of key current _ Provide boundary conditions o - | - 2 ICLUS land-use change scenarios
system behaviors and interactions; (b) they allow us to create / / ] \ \ \ rowth Scenario Al
scenarios over a wide range of plausible futures
: . . . MM5 RegCM3 CRCM HRM3 ECPC WRF e ,
Since we need to use multiple scenarios to systematically lowa State/ || Uc santa cruz Ouranos Hadley Centre SIO NCAR/ Lepd J P T e
explore the implications of a wide range of futures and PNNL ICTP Quebec UK PNNL N VAt | o 8
. e . B Municipalities (pop 250,000) |=A.l | g i S \'"’:'rziJ".' e
assumptions and reveal where the greatest vulnerabilities may Example: Simulated flow, ':|( [ T RiverBasin.~ |
lie, we are developing scenario datasets as foundatlor_lgl High-Resolution Regional Climate Models (RCMs) Over  North America nutrients, _and s_edlments AY S
elements of our 5-year assessment of the potential vulnerability under multiple climate and ) | R
of U.S. water quality, aquatic ecosystems, and urban Population by County land-use change futures
communities to global change. . . a01. 1000 for Southwest U.S. et T N
Example: Climate Change in the U.S. Southwest - B P~ M T sounpare
2. Land Use _ Kogot-sa00en , I o gy = ST
1970-2000 minus 2040-2070 I;_ggg_ggtjﬁ;gtﬁggﬂ Expected completion: Oct
> 10.000,000 , J | \/ _
- | 2010 | Uppér Rib Grantg KO~
L. Climate RCM3-CGCM3  CRCM-CGCM3 I N O A
g -2.2134 O15 Watershed Impairment \!E' NG O\
S El--0 Scenarios: A2 vs B1 - N ' B
We also hope these S > 0.5--0.01 by 8-digit HUC X5 i ]
datasets and 5 [ - 001 Example: Future W ¢ I
. i "I San Pedrio™~ s |/z 7.—-,_' i L -
approaches will be o >0.01-05 < Chﬁnges mS . N Vs pmpe— € P
>0.5-0.69 outhwest U.S. " S ANV~ D) SR N S i N AN
useful to other ORD £ % AL SN T Ve
watershed s Ty N T
programs (e.g., Degrees C impairment due to e/ &/ KT
ESRP), Program o - impervious surface No. | | =TT
- . MEXICO I
Offices, Regions, and = M 20275 growth S
. . . --2.74--2.5 i
| S :
Other Instltutlons_ g -_249__225 GCRP Model Areas - Southwest Region 0_:_75 L2 aolgilomelers @TETMTECH
_ _ . 224.-2 M oo 115,208 - B Tucker 2 0 1% 2 e
3. Flow, Nutrients, Sediment < 19--1
O Lightly
% -0.9--01 Unstressed Stressed Stressed Impacted Damaged
t I -0 - .
) /1
- Office of Research and Development 7)) :I 0.1-0.53 ”t Miles 1% 5 I e e
National Center for Environmental Assessment, Global Change Research Program




