Introductory Guide to the Climate Change Projection Maps and Data
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Introduction

Climate data for different regions, time periods and global climate models are available in the “Maps
and Data” section of Ecoshare (http://climatechange.ecoshare.info/maps-and-data). For more
information about the specifics of this project, please go to the Climate Impacts Group (CIG) report
“Regional Climate and Hydrologic Change in the Northern US Rockies and Pacific Northwest: Internally
Consistent Projections of Future Climate for Resource Management” by Littell et al found at:
http://cses.washington.edu/picea/USFS/pub/Littell etal 2010

Both static maps (for use in presentations or documents) and gridded data (for use in GIS software) are
available for download on the Ecoshare website. The maps are intended for people who merely want to
see general expected changes, or who want to illustrate to others where changes may occur. The
gridded data are intended for people who use GIS software and want to pull data out for specific areas
of interest. Both are intended to be used by resource managers to understand anticipated climatic
change in the Region and may be used in documents and publications.

Static maps are currently available for the entire CIG study area, which covers most of the western
United States (W US), as well as for those portions of the full study area that fall within USDA Forest
Service Region 1 (R1) and Region 6 (R6). R6 covers Oregon and Washington; R1 covers NE Washington,
N Idaho, Montana, North Dakota, and NW South Dakota; and W US covers Washington, Oregon, Idaho,
Montana, Wyoming, Nevada, Utah, Arizona and parts of Colorado and New Mexico.

There are currently three time periods available for maps: 1) historic climate data for the time period
1916-2006, derived from weather station records; 2) projected climate data for mid-century (2030-
2059); and 3) projected climate data for late century (2070-2099).

The Climate Impacts Group chose to use the A1B emissions scenario, described in the Intergovernmental
Panel on Climate Change (IPCC) document “Special Report on Emissions Scenarios” (Nakicenovic et al
2000). The Al scenario envisions a future world of very rapid economic growth, a global population that


http://cses.washington.edu/picea/USFS/pub/Littell_etal_2010

peaks in midcentury, and the rapid introduction of new and more efficient technologies. There are
several sub-groups in the Al scenario, where A1B represents a balance across all energy sources.

The Climate Impacts Group then selected global climate models (GCM) created by other researchers,
choosing Miroc3.2 which predicts a large amount of warming in the region, and PCM1 which predicts
less warming (Meehl et al. 2007). They also took a mean of 10 GCMs which they called “Ensemble
Mean.” Miroc3.2 and PCML1 give a range, while the ensemble mean is a possible average.

In the future, the Climate Impacts Group may add more time periods, more regions, and more computer
models. Please continue to check the Maps and Data sections for additions.

How to Acknowledge and Cite

Whenever you produce documents based on model output from the databases, you should include the
following acknowledgement: "We acknowledge the University of Washington Climate Impacts Group for
making the Regional climate and hydrologic projections for the Pacific Northwest and northern US
Rockies publicly available. Support of this dataset was provided by the United States Forest Service
Region 1, United States Fish and Wildlife Service Region 6, and United States Forest Service Region 6."

Please use this citation: Littell, J.S., M.M. Elsner, G. S. Mauger, E. Lutz, A.F. Hamlet, and E. Salathe. 2011.
Regional Climate and Hydrologic Change in the Northern US Rockies and Pacific Northwest: Internally
Consistent Projections of Future Climate for Resource Management. Available online at:
http://cses.washington.edu/picea/USFS/pub/Littell etal 2010/

Find and Download Maps

From Ecoshare’s “Climate Change” page, select the “Maps and Data” tab. In the menu on the right hand
side of the page, choose a region. Users are routed to a page where a time period and global climate
model (please read the introduction for an explanation of GCMs) can be selected for either maps or
data. As of the writing of this guide, maps are not available for the western US. Please check back,
because they may be added soon.

Once the region, time period and GCM have been selected, the climate variables can be selected. For
example, selecting 2030-2059, R6 Ensemble Mean would bring up a table showing a list of climate
variables (excerpt of the screen-capture is shown below).


http://cses.washington.edu/picea/USFS/pub/Littell_etal_2010/
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2030-2059, R6 Ensemble Mean
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If you click on “Raw Values” or “Changes” a map will pop up. The map available under “Raw Values” will
show predicted values, whereas the map available under “Changes” will show the predicted change
from historic values (in the example provided, this would be the change from 1916-2006 values to the
2030-2059 predicted values). This can be downloaded by placing your cursor on the map and right-
clicking with your mouse. A drop-down menu will appear, and you can select “Save picture as”. When
the pop-up window “Save Window” appears, the user can save the map onto their computer. The maps
come as “.PNG” files (Portable Network Graphics).

In the near future, it will also be possible to download all the maps for a climate variable as a single zip
file.

Find and Download Gridded Data

From Ecoshare’s “Climate Change” page, select the “Maps and Data” tab. In the menu on the right hand
side of the page, choose a region. Users are routed to a page where a time period and global climate
model (please read the introduction for an explanation of GCMs) can be selected for either maps or
data. As of the writing of this guide, data is available for each of the regions, although maps are not
available for the western US.

For example, selecting “2030-2059, R1” would bring up a table showing a list of climate variables for
three climate models (excerpt of screen-capture is shown below).



Climate Change
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2030-2059, R1

The following table lists the available climate change layers for the time period 2030-2059, for
R1. We will add more layers in the future, so please check this site again later.

Climate variables

Base Flow Download C) Download Q) Download £

Combined Flow Download () Download EJ) Downlosd )
Evapotranspiration Download ) Dawnload () Download )
Average Temperature Download C) Download () DownloadCJ)
Maximum Temperature Downlosd CJ) Downlosd () DownlosdC)
Minimum Temperature Download () Download () DownlosdC)

PET1 Download () Download () Download CJ)

Currently, both the raw values and the changes from historic data for the monthly, seasonal, and annual
means are packaged together in each zip file.

Users can double click on the zip file for a particular climate variable and climate model. Double clicking
will generate a pop-up box and give the user the option of saving the zipped file directly onto their
computer’s hard drive or opening the zipped file to view the contents. Metadata is included in each of
the climate variable folders.
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RE_Runoff_2070-2099_ Miror A info | Falder 12502011 10003 PM
) info (CrunofS_ann_m Folder 1j25/2011 8:113 PM
) runafS_ann_mn [Crunafs_apr_m Falder 1/25/2011 8113 PM
L) runof_apr_m Srunefs_aug_m Folder 1/25/2011 8:13 PM
) runof8_aug_m Chrunofe_dec_m Folder 1j25/2011 8:13 PM
) runof8_dec_m Crunofa_dif_m Falder 1/25(2011 &:13 PM
D) runcft_dif_m Srunofe_feb_m Folder 1/25/2011 8:1% PM
j :E:E::-f::{: [CZirunof_jan_m Folder 12512011 314 PM
= runoFBjja _rn [hrunofE_jja_m Folder 1/25/2011 5:14 PM
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-5 runofa_mar_m [)runofS_mar_m Folder 1j25i2011 8:14 PM
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) runofg_sep_m [JrunofS_sep_m Folder 12512011 3:14 FM
) runof8_son_m (CrunofS_son_mn Folder 1j25/2011 5:15 PM
2) runafBd_ann_m Srunefad_ann_m Folder 1/25/2011 10:01 PM
L) runafSd_apr_m Chruncfsd_apr_m Folder 1/25/2011 10:01 PM
) runof3d_aug_m C)runofad_sug_m Falder 1/25(2011 10:01 PM
fimi r””DESS—j'?F‘—m runofed_dec_m Folder 1/25i2011 10:01 PM
D r””DF: d—F]b—m Cyrunofad_dif_m Folder 1j25/2011 10:01 PM
j :z;zfsd_':n_rr: \runafed_feb_m Folder 1/25/2011 10:01 PM
= . _] - irunofad ]’an i) Folder 1{'25:'2011 10207 P

The names of the folders are descriptive. For example, the folder “runof8_sep_m” is for the climate
variable “run off” and is the average for the month September. Folder names with a “d”, such as
“runof8d_sep_m” designates the predicted change (delta) from historic values, whereas names without
the “d” designates the straight predicted values.

These gridded raster data can be brought into GIS software such as ArcMap. Users should review the
metadata to be sure of the projection and extent (NAD_1983_Albers, unless otherwise noted).

Climate Variables Defined:

If you cannot find the climate variable you are seeking in a map or as data, please check back soon.

Base Flow: This is the portion of the stream-flow that would be present even during periods of drought.
Monthly and seasonal totals averaged over various time periods are available.

Combined Flow: This is base flow plus runoff. Monthly and seasonal totals averaged over various time
periods are available.



Evapotranspiration: This is the loss of water to the atmosphere as a result of evaporation and the
transpiration of plants. Summer monthly and seasonal totals averaged over various time
periods are available.

Average Temperature: This is the average temperature for the month, season or year for the time
period. For example, an average temperature for “Jan” would be an average of the high and low
temperatures for every day in January for each year in the time period.

Maximum Temperature: This is the average of the daily maximum temperatures. For example, a
maximum temperature for “Jan” would be an average of the high temperatures for every day in
January for each year in the time period.

Minimum Temperature: This is the average of the daily minimum temperatures. For example, a
minimum temperature for “Jan” would be an average of the low temperatures for every day in
January for each year in the time period.

PET1: This is the potential evapotranspiration for natural vegetation, no water limit. Summer monthly
and seasonal totals averaged over various time periods are available.

PETS: This is the potential evapotranspiration for a short reference crop (short grass). Summer monthly
and seasonal totals averaged over various time periods are available.

Precipitation: This is the monthly and annual totals averaged over various time periods, and monthly
totals averaged over seasons and various time periods. For example, precipitation for “Jan”
would be an average of the rainfall or snow water equivalent for the entire month for each
January in the time period; precipitation for winter would be the average monthly precipitation
for every December, January and February in the time period.

Relative Humidity: This is the ratio of the amount of moisture actually in the air to the maximum amount
of moisture which the air could hold at the same temperature, expressed as a percent. Summer
monthly and seasonal averages are available.

Runoff: This is the water that moves across the surface, or just beneath the surface, coming from
precipitation or the melting of ice and snow. Monthly and seasonal totals averaged over various
time periods are available.

Snow Depth: This is snow depth measured on the 1st of the month, averaged over various time periods.

Snow Water Equivalent: This is the amount of water contained within the snowpack. It can be thought
of as the depth of water that would theoretically result if you melted the entire snowpack.
Snow water equivalent is measured on the 1st of the month, averaged over various time
periods.

Soil Moisture: This is the portion of water in a soil that can be readily absorbed by plant roots, in other
words, the total column soil moisture, which is the sum of layers 1, 2 and 3. Summer monthly
(measured on the 1st of the month) and seasonal average soil moisture, averaged over various
time periods, are available.



Soil Moisture Deficit: This is an experimental variable, calculated as the difference between the
potential evapotranspiration (PET1) and the total column soil moisture. Its intended use is as a
possible indicator of drought stress.

Water Balance Deficit: This is calculated as the potential evapotranspiration (PET1) minus the actual
evapotranspiration. It is intended as a measure of the difference between the atmospheric
demand for moisture and the ability of the land/plant surface to supply it. Monthly and
seasonal totals averaged over various time periods are available.

Scales and Guidance for Use

Climate Impacts Group report “Regional Climate and Hydrologic Change in the Northern US Rockies and
Pacific Northwest: Internally Consistent Projections of Future Climate for Resource Management” by
Littell et al gives guidance regarding use. It suggests that planning for the effects of climate change on
natural resources requires detailed projections of future climate at scales consistent with the processes
managers typically consider. While it is possible to produce downscaled climate at very fine scales
(<5km), several factors make accurate estimation at these scales difficult and less tractable without very
detailed local information.

Downscaled projections can be developed that maximize climatic information from the coarser scales of
global climate models to more local scales. This project was designed to provide climate information
that meets those needs and creates a basis for more detailed work or for a more comprehensive
approach to downscaling and regional climate modeling.

The capability of global climate models relative to each other or some benchmark depends greatly on
the study objectives, and the result of any such ranking exercise will therefore vary —in other words, no
“best” subset of climate models exists. Moreover, fidelity to the observed record does not guarantee
that a model or multi-model ensemble has the greatest possible skill for future projection. In this study,
CIG developed a process to select 10 global climate models that perform similarly well in the Pacific NW
/ Columbia Basin, the Northern Rockies / Upper Missouri Basin, and the Central Rockies / Upper
Colorado Basin. The result is an internally consistent set of projections, downscaled to about 6km, and
run through a hydrologic model to develop plausible estimates of climate and hydroclimate variables in
the future over much of the western U.S.

A memorandum from Joel D. Holtrop, Deputy Chief, National Forest System, entitled “Considering
Climate Change in Land Management Planning” and dated March 2, 2010 includes a document entitled
“Climate Change Considerations in Land Management Plan Revisions” dated January 20, 2010 (available
at http://www.fs.fed.us/emc/nepa/climate_change/index.htm). This document states that:

“At this time, the following is a list of minimum items recommended to be addressed when revising
land management plans:


http://www.fs.fed.us/emc/nepa/climate_change/index.htm

Principles:

* The focus of NFS land management is multiple use management with ecological, social, and
economic sustainability. Climate change is a factor to be considered in the delivery of our overall
mission.

» Use the best available science on climate change that is relevant to the planning unit and the
issues being considered in planning.

*  Where necessary to make informed decisions and provide planning direction responsive to
changing climate, use climate change science and projections of change in temperature and
precipitation patterns at the lowest geographic level (national, broad, mid-, base) that is
scientifically defensible. Given the uncertainty involved and limits to modeling capability, this is
most likely at much broader scales than appropriate for the planning unit.

* Address climate change during land management plan (LMP) revision in terms of “need for
change” from current LMP direction so that the unit will continue contributing to social,
economic, and ecological sustainability.

* Place increased value on monitoring and trend data to understand actual climate change
implications to local natural resource management.

Forest Service guidance on climate change considerations for project level NEPA analysis is also available
at http://www.fs.fed.us/emc/nepa/climate_change/index.htm



http://www.fs.fed.us/emc/nepa/climate_change/index.htm

References

Littell, J.S., M.M. Elsner, G. S. Mauger, E. Lutz, A.F. Hamlet,, and E. Salathé. 2010. Regional Climate and
Hydrologic Change in the Northern US Rockies and Pacific Northwest: Internally Consistent
Projections of Future Climate for Resource Management.

Meehl, GA, Stocker TF, Collins WD, Friedlingstein P, Gaye AT, Gregory JM, Kitoh A, Knutti R, Murphy JM,
Noda A, Raper SCB, Watterson IG, Weaver AJ, and Zhao Z-C. 2007. Global climate projections.
in Climate change 2007: The Physical science basis. Contribution of working group | to the fourth
assessment report of the Intergovernmental Panel on Climate Change [Solomon, S, et al., (eds)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA

Nakicenovic, Nebojsa ; Alcamo, Joseph ; Davis, Gerald ; de Vries, Bert ; Fenhann, Joergen ; Gaffin, Stuart ;
Gregory, Kenneth ; Grubler, Arnulf ; Jung, Tae Yong ; Kram, Tom ; La Rovere, Emilio Lebre ;
Michaelis, Laurie ; Mori, Shunsuke ; Morita, Tsuneyuki ; Pepper, William ; Pitcher, Hugh M. ;
Price, Lynn ; Riahi, Keywan ; Roehrl, Alexander ; Rogner, Hans-Holger ; Sankovski, Alexei ;
Schlesinger, Michael ; Shukla, Priyadarshi ; Smith, Steven J. ; Swart, Robert ; van Rooijen, Sascha
; Victor, Nadejda ; Dadi, Zhou. 2000. Special Report on Emissions Scenarios: A Special Report of
Working Group Il of the Intergovernmental Panel on Climate Change. Cambridge University
Press, Cambridge.

Please note: This guide was created by Sara Lovtang of the USDA Forest Service Pacific Northwest
Region Ecology technical team, with input from Chris Ringo and Tom DeMeo, also on the team. Please
contact us with any suggestions for additional material or improvements. For further clarification on
specific data, please refer to the Climate Impacts Group.



