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• The increase in the earth’s 
temperature as a result of 
greenhouse gas emissions

• Effects oceans and jet streams
• Better termed “climate change”

when we’re considering 
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• Variability in the amounts and 
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with increases in air 
temperature, generally 
translates into increases in 
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• State of California is currently 
using 12 projection scenarios: 6 
models and 2 emission 
scenarios, to investigate possible 
future climate changes

• IPCC Fourth climate assessment 
provides recent model 
simulations

• Emission scenarios
– A2: medium-high emissions
– B1: low emissions

• Geophysical Fluid Dynamics Lab 
(GFDL)
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• Basin Characterization Model (BCM)

– run in FORTRAN
– uses grid-based data at any DEM resolution
– calculates in-place recharge or generated runoff

• Potential evapotranspiration (Priestley-Taylor)
– solar radiation modeled using topographic 

shading and cloudiness

– vegetation density
• Snow accumulation and melt based on NWS 

Snow-17 Model

• Soils (STATSGO): hydraulic properties and 
depth determine soil storage

• Geology (state maps) is used to estimate 
bedrock permeability

• Precipitation and air temperature available 
using PRISM datasets and downscaled GCMs
for future climates
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and other environmental attributes under 
climate change scenarios are necessary, at 
relevant resolution, for resource 
management and can provide the 
framework for local detailed process 
models
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– Capacity to transport sediment

– Soil moisture
– Maximum and minimum air temperature
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800 - 900800 - 900
900 - 1,000900 - 1,000
1,000 - 1,1001,000 - 1,100
1,100 - 1,2001,100 - 1,200

1,200 - 1,3001,200 - 1,300
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Percent increasePercent increase
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Laguna Future Runoff
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Laguna Future Recharge

y = -5486.3x + 1E+07
R2 = 0.0732

0

500000

1000000

1500000

2000000

2500000

3000000

3500000

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

R
ec

ha
rg

e,
 m

3/
yr

Laguna Future Recharge

-25000000

-20000000

-15000000

-10000000

-5000000

0

5000000

2000 2020 2040 2060 2080

C
um

ul
at

iv
e 

D
ev

ia
tio

n 
fr

om
 M

ea
n

R
ec

ha
rg

e,
 m

3/
yr

Future Climate (GFDL-
A2)

Future Climate (GFDL-
A2)



122°25'0"W

122°30'0"W

122°30'0"W

122°35'0"W

122°35'0"W

122°40'0"W

122°40'0"W

122°45'0"W

122°45'0"W

122°50'0"W

122°50'0"W

122°55'0"W

122°55'0"W

123°0'0"W

123°0'0"W

38
°4

0'
0"

N

38
°4

0'
0"

N

38
°3

5'
0"

N

38
°3

5'
0"

N

38
°3

0'
0"

N

38
°3

0'
0"

N

38
°2

5'
0"

N

38
°2

5'
0"

N

38
°2

0'
0"

N

38
°2

0'
0"

N

38
°1

5'
0"

N

38
°1

5'
0"

N

122°25'0"W

122°30'0"W

122°30'0"W

122°35'0"W

122°35'0"W

122°40'0"W

122°40'0"W

122°45'0"W

122°45'0"W

122°50'0"W

122°50'0"W

122°55'0"W

122°55'0"W

123°0'0"W

123°0'0"W

38
°4

0'
0"

N

38
°4

0'
0"

N

38
°3

5'
0"

N

38
°3

5'
0"

N

38
°3

0'
0"

N

38
°3

0'
0"

N

38
°2

5'
0"

N

38
°2

5'
0"

N

38
°2

0'
0"

N

38
°2

0'
0"

N

38
°1

5'
0"

N

38
°1

5'
0"

N

RunoffRunoff
(mm/yr)(mm/yr)

0 - 1000 - 100

100 - 200100 - 200

200 - 400200 - 400

400 - 600400 - 600

600 - 800600 - 800

800 - 1,000800 - 1,000

1,000 - 1,2501,000 - 1,250

1,250 - 1,5001,250 - 1,500

20702070 20792079



Applications of Climate 
Change Assessments to 

Ecology

Applications of Climate 
Change Assessments to 

Ecology
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species transitions

• Climatic water deficit used to 
evaluate “moisture envelopes”
for species and conditions 
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Calculation of Climatic Water Deficit: 
the water a plant would use if it was available
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actual evapotranspiration
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water storage – soil water storage
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Land Cover Type Mean Stdev Max Count
Aspen Woodland 175 109 501 779
Lower montane woodland 337 112 764 6164
Conifer forests 145 110 449 770
Rocky Mtn mixed forests 349 102 648 3454
Aspen Mixed forest 233 105 512 1193
Sagebrush steppe 283 94 691 12279
Limber-Bristlecone Pine 197 97 465 2669

Soil Moisture Deficit, mm
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• Air temperatures are expected 
to rise and precipitation is 
expected to decline in the 
Laguna region

• Runoff and recharge are 
expected to diminish over the 
next century

• Droughts, floods, and timing of 
climatic conditions are likely to 
dominate the future 
environmental conditions

• Environmental stressors are 
sufficiently distinguishable for 
current species distributions to 
enable their use for future 
projections

• Air temperatures are expected 
to rise and precipitation is 
expected to decline in the 
Laguna region

• Runoff and recharge are 
expected to diminish over the 
next century

• Droughts, floods, and timing of 
climatic conditions are likely to 
dominate the future 
environmental conditions

• Environmental stressors are 
sufficiently distinguishable for 
current species distributions to 
enable their use for future 
projections

Implications of Climate 
Change for the Laguna
Implications of Climate 
Change for the Laguna



Potential Applications of 
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• Region-wide monthly distributions of

– natural streamflow and timing
– snowmelt and timing
– air temperature
– potential evapotranspiration
– soil moisture

• Changes in monthly flows along with soil 
type, conditions, and slope, could provide 
indications of vulnerability to sediment 
transport

• Timing of temperature and moisture 
conditions can be applied to potential 
changes in plant distributions, forest health, 
and vulnerability to wildfire

• Daily flows at selected pour points 
– provide estimates of peak flows for 

flooding and sediment transport
– incorporate all components of the water 

balance and soil moisture to estimate 
seasonal streamflows for reservoir 
management
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