
Pre-Workshop Evaluation

GOAL: Evaluate relationship between climate 
literacy and use of climate information

22 responses (of 25 USFS folks)

90% of you use currently use climate information
in planning & decision making

Only 1 person thinks he/she has all the climate information 
necessary to make a well-informed decision

Climate Literacy Score: 71% (good)

Entire group answered one question correctly
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ñCognitively, climate change information is 

difficult to integrate into water resources 

management. 

ÅFirst, within the water resources 

engineering community, the stationarity 

assumptionis a fundamental element of 

professional training.

ÅSecond, the century time scales of climate 

changeexceed typical planning and 

infrastructure design horizons and are 

remote from human experience. 

ÅThird, even individuals trying to stay up-

to-date can face confusion in conceptually 

melding the burgeoning climate change 

impacts literature.ò CCSP 5.1, Chapter 5,  ñDecision Support 

for Water Resources Managementò, 

Holly C. Hartmann, lead author.

ñCognitive ChallengesòCognitive Challenges

Are these true for ecologists 

and land managers?



Cognitive Challenges

Finally, the impacts may seem distant from the causeé..



Intergovernmental Panel on Climate Change

The IPCC formed in 1988 under auspices of the United Nations

To provide assessments of the science of climate change from 

published research

Working Group I: 

Physical Science

Working Group II:

Impacts and Adaptation

Working Group III:

Mitigation

Å Mitigation: actions taken to reduce climate change such as reduction in 

GHG emissions, reforestation, carbon sequestration  



Energy Balance

Water vapor

Temperature

We are changing the Carbon Cycle (and other forcings)

Which causes an imbalance in the amount of 

energy reaching the Earth ( ñtrapping heatò)

Which warms the planet

Which changes the water cycle

Which amplifies the climate change, 

mainly because of increased water vapor

Because the Energy Balance and the 

Water Cycle involve the winds and ocean 

currents -- they are changed too, 

potentially changing all aspects of 

climate.

Eventually feeding back on the 

carbon cycle

Climate Change 101: A Systems View



Emissions from Fossil Fuel + Cement

Data Source: G. Marland, T.A. Boden, R.J. Andres, and J. Gregg at CDIAC; Slide from global Carbon Project; NOAA ESRL; 
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CO2 emissions accumulation of 

CO2 in atmosphere

Pre-Industrial:  270 ppm 2009:  386 ppm

TOTAL ~9 Gt C/yr

Warming of about 0.8C 

(1.5F) since pre-

industrial climate

Climate Change: 101  The Usual Graphics



Anticipating the Future: Emissions Scenarios and CO2 Concentrations

IPCC Special Report on Emissions Scenarios (SRES)

Emissions scenariosé

Åñéare alternative images of how the future might 

unfoldéò 

ÅDiffer in their assumptions regarding  

ñdemographic development, socio-economic 

development, and technological change.ò

ÅAre given memorable names like ñB1ò, ñA1Bò, and 

ñA2ò

Source: IPCC AR4; IPCC SRES



Figure SPM.5

Source: IPCC AR4 WG1  SPM

2040 2070

Global Mean Surface Air Temperature Projections (relative to 1980-1999)  

2040: Range due mainly to model formulation and ñnaturalò variability

2100: Range due to both model formulation and emissions scenario

Full estimate of ñuncertaintyò is larger than the range of models.



ÅScenarios are not forecasts,  but can be useful planning tools. 

ÅThe emissions scenarios provide standard parameters for climate 

modelers to make comparison of their projections easier.  

ÅScenarios B1, A1B, and A2 have become de factoñlowò, ñmediumò and 

ñhighò emissions scenarios based on year 2100 cumulative emissions,  

and were chosen by climate modeling centers to intensively study. Will 

be replaced by new scenarios in the next IPCC Assessment (2013?)

ÅFor mid 21st century, the range of projections is mainly due to 

differences among climate model formulations. The particular 

emissions scenario is of relatively little importance. 

ÅFor late-21st century and beyond, the range of projections is the result 

of  BOTH different model formulations AND  different emissions 

scenarios.

Bottom Line on Emissions Scenarios



Å The large scale climate 

systems will change. 

Å These interact with the 

local topography, land 

surface characteristics

Å Local/regional land use 

changes also can change 

local/regional climate --

snowpack runoff etc.é

Å Local ecosystems 

respond

Large Scale 

Climate Systems

Land Use

Ecosystem

feedbacks

Climate Change 102: Location, Location, Location!

NOTE: The greenhouse effect is GLOBALé  The CO2 immediately overhead 

trapping heat plays only a modest part in causing local climate change.  

Figure Source: USGS



Large Scale Climate Systems

Storms projected to be 

ÅWarmer

ÅWetter

ÅFarther north

Regional differences among 

models

Cold Season Storm Tracks

Hadley Cells

ÅImportant for subtropical 

deserts

ÅProjected to extend 

poleward

Storm Tracks Winter 2009

Source: NOAA 



To create plausible, physically based scenarios, 

reflecting the current state of scientific 

understanding, in order to inform planning for the 

future.

Why Use Climate Models? 



QuickTimeÊ and a
 decompressor

are needed to see this picture.OCEAN

ATMOSPHERE

SEA ICE

Climate Model Components

LAND SURFACE

Climate Models

Å Climate models have improved in their ability to 
simulate the climate

Å A number of climate models are available from 
different research groups and countries ( US:  NOAA/GFDL; 

NCAR; NASA/GISS)

Å It is very important to compare results from 
different models, and to consider multi - model 
averages.

Climate models (GCMs) 
simulate the complex 
interactions among the 
land, oceans, atmosphere .



OCEAN

ATMOSPHERE

SEA ICE

Earth System Model (ESM)

Atmosphere-Ocean GCM
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Components of Climate Models

ÅNext Generation:   Earth System Models

ÅProblems with biases being passed from one component to another

ÅIPCC Fifth Assessment will look at both ESM and Atmospere-Ocean 

GCMs 



Table 3-2. Seasonally averaged climate biases of the IPCC AR4 WGI climate models in temperature and precipitation 

for Colorado.   

 Temperature Bias ( F) Precipitation Bias (%) 

 WNA CO CNA  WNA CO CNA  

Winter -1.62 1.94 -1.44 93 81 7 

Spring -3.60 -1.11 -1.98 71 65 8 

Summer -0.72 -3.32 -0.72 28 69 -12 

Autumn -2.16 -0.08 -1.08 61 63 -16 

Annual -2.34 -0.64 -0.90 65 65 2 
 

WETCOLD

Source: IPCC WG1  Ch. 11, 11 Supp. And Climate Change in Colorado

Model Biases: The Regional Picture

Need for Bias 

Correction to run 

hydrology models!



Individual Model 

Projections:  Temperature

Source: IPCC WG1  11 Supp. 

Å21 models from 14 

modeling centers

ÅSome of these models were 

run multiple times 

ñensembleò

ÅWarming everywhere over 

land.  (North Atlantic Ocean 

shows marked differences)

ÅLand warms more than 

ocean (globally about 30-

50% more)



Individual Model 

Projections:  Annual 

Precipitation

Source: IPCC WG1  Ch. 11 Supp. 

Å21 models from 14 

modeling centers

ÅWetter (green) to the north

ÅMostly Drier (patchy brown) 

to the South



Temperature

Widespread warming, 
greater in Summer  

Precipitation

Wet northern tier; dry 
southwest.  Potential 
seasonal shift in

Annual Winter Summer

Annual Winter Summer

Annual Winter Summer

Source: CO Climate Report, 2008

Projected Temperature & Precipitation Changes in 2050

Model Agreement for 
Precipitation
Weak (annual)
Wet Winter: MT, WY, CO
Dry Summer: PNW



wind

Typical grid size (resolution):

Horizontal ~ 60-180 mi (100-300 km)

Vertical ~30 layers of varying depth

Typical timestep:  5 min - 20 min.

Hourly, Daily, Monthly averages saved 

Tt 1 Tt 1

t
Solved at discrete time intervals:

Numerical Solution: Timesteps and Gridboxes

Source: NOAA



Probably better if you are in 

Kansas!

All this fits in a single global climate model grid cell!

Bottom line:  Need to use additional 

analysis to relate climate model output to 

local impacts 

Wasatch Front, Utah



Global Model: NCAR CCSM 3.0 T85 (1.4ox1.4o)

Regional Model WRF at 48km resolution
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Model Topography:   Need for Downscaling!

Source: CO Climate Report, 2008


