


Precipitation Climatology -- Bear River Basin
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Impacts to water cycle given additional warming...
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Variable Infiltration Capacity (VIC) Hydrology Model

Publicly available land-surface/soil hydrology model with runoff routing to
stream network

Simulates “natural” streamflows and changes given Linda’s climate change
scenarios

Thanks to Alan Hamlet (Univ. of Washington) for sharing his version of the VIC
model and his sage advice on interpreting the output.

WESTERN WATER ASSESSMENT % /5w & 5 87



Variable Infiltration Capacity (VIC) Hydrology Model
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*Publicly available land-surface/soil
hydrology model with runoff routing
to stream network

eSimulates “natural” streamflows

*1/8 degree gridcells (about 10x14
km)

eUncalibrated. A standard set of
infiltration and baseflow parameters
are chosen, and not calibrated to
observed hydrographs. Main effect is
on runoff timing, particularly on day-
to-week timescale.

*“Water balance” mode. Simplified
energy balance is computed based on
daily values except for snow, which
uses 3-hour timestep.

WESTERN WATER ASSESSMENT % /2 #5200



Elevation —»

Precipitation

Snow Cover

VIC Snow Elevation Bands VIC Model Detalls

e Up to 5 elevation bands in each gridcell
for snow model

=== -
L : 1
AR i eTemperature lapse rate used to
TR - .
E AR - extrapolate to elevations bands
*Precipitation is distributed as rain or

! snow depending on temperature

-

Temperature )
*Snowpack evolution/melt also

determined on individual bands.

*Daily Precipitation, Maximum and
Minimum Temperature input from
P, P, P, gridded dataset (Hamlet and

* Lettenmaier, 2005)
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*Runoff and baseflow in each cell
is routed by the stream network

Smith Fork

Headwaters

CAUTION!!!
*Streams are not coupled to the
shallow (soil) groundwater
*Groundwater flow is not modeled

. Image ©2010.DigitalGlobe
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Comparison of Modeled with Gaged Streamflow:
Bear River Total Flow

< 10° Bear River Annual Flow
4.5 T T T T T T

=—f=— Bear At Corinne (USGS Gage)
4L =—8— Simulated Natural Flow

*Expect gaged flow to be lower
a5l | than modeled “natural” flow due

to diversions and consumptive
use.
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*1964-2003 modeled: 2.0 million
acre-feet per year
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*1964-2003 gaged flow: 1.3 MAF
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x 10" Bear River Annual Natural Flow (Simulated)
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eLong term mean of around 1.8

million acre-feet per year
(modeled)

*Estimates of yield of the basin
are around 1.8 - 2 million acre-
L - . . . . | feet.
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Comparison of Modeled with Gaged Streamflow: Smith Fork

« 10" Smith Fork Annual Flow
3.5 T T T T T I T
—S— Smith Fork at Border (USGS Gage) . .
—— Simulated Natural Flow T °On|y small diversions and
3 ] Storage above gage, SO it
reflects “natural” flows
2.5 —

eLong-term means well
modeled

l
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*Model misses some wet
and dry years -- likely due to
deficiencies in gridded
meteorological data.

0.5+

0 | | | | | \ | | |
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

WESTERN WATER ASSESSMENT % /2 #5200



Flow (cfs)

Comparison of Modeled with Gaged Daily Streamflow: Bear
River Headwaters

Bear R. Headwaters

VIC Simulation 2 2
8000 USGS Gage Bear R. at UTANY bordelH ..Sprlng runOff comes earller
in the model and drops off
7000 |- | faster.
6000 - - ePeak flow overestimated in
many years.
5000 _
2000 L | *Model captures differences

between wet and dry years.
3000
*Overall magnitude of flows
is well represented in the
model

2000

1000

1995 19986 1997 1998 1999 2000 2001 2002 2003 2004
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Climate-altered hydrology: The Delta Method

Baseline run: observed daily sequence of precipitation (P)
and temperature (T)

“Delta” run:
T->T,,+AT
P->P_, *(1+AP/P)

“Deltas” are specified monthly from climate
scenarios given by Linda Mearns

obs

Interpretation:
*These are sensitivity experiments.

*Does NOT explicitly model changes in extremes or changes
in frequency of wet/dry days.
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Sensitivity to changes in Temperature and Precipitation Separately

Bear -5% -10% +22%
River total

e|ldealized scenarios in which only one variable is changed. The same changes
are applied in each month.

*Colorado River at Lees Ferry shows similar sensitivity to temperature and

precipitation changes in the VIC model . Other hydrology models differ in their
sensitivity ranging from from 5 - 9%.
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Uinta Headwaters
(BEARH)

Smith Fork
(SMITH)

Logan
River(LOGAN)

Bear River total
(BEARC)

Climate Change Scenarios

187

130

411

1810

153 (-18.2%) 162 (-13.4%)
124 (-4.6%) 120 (-7.7%)
384 (-6.6%) 392 (-4.6%)
1659 (-8.3%) 1691 (-6.6%)
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Flow (cfs)

Streamflow Timing

Bear River -- Total

12000 L L] L L L L] L L] 1 | 11
BASE 1810 kaf
SCENARIO 1 1659 kaf
SCENARIC 2 1691 kaf
10000 -

8000

6000

4000

2000

jan feb  mar apr  may jun jul aug sep oct nov  dec
Hydrograph feature | Scenario 1 Scenario 2
Rising limb 2 weeks earlier | 1 week earlier
Peak 2 weeks earlier | 1 week earlier
Receding limb 3 weeks earlier | 2 weeks earlier
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Daily Flow (cfs)

Changes in Daily Flows

*Box shows 25th and 75th percentiles for each week of the year. Extremes and
outliers are shown by the “whiskers” and by circles.

*Higher average and peak flows in late Fall, Winter and early Spring due to
snow events becoming rain events in a warmer climate

*Earlier melt means smaller late spring/early summer peak flows

Logan River
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Summertime Streamflow

eLowest daily flows reduce by around 10-15%. (Low flows driven
mainly by lower precipitation). Similar result for “7Q10”.

*90t™ percentile (high) flows during Summer greatly diminished (Both
evapotranspiration and low precipitation contribute)

eSimulation of low flows could be improved by calibrating the runoff
in headwaters basins.

*CAUTION! “Delta method” does not change number of wet vs. dry
days. Confidence in qualitative changes, not quantitative.

Summertime Flows Scenario 1 Scenario 2
Low flows (10th -10% -15%
percentile)

High flows (90th -25% -50%
percentile)

“7Q10 “ -8-15% -15-20%
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Snowpack (SWE) - High elevation basins

*Snowpack starts accumulating later and melts earlier

*Amounts depend on seasonal changes in precipitation

*The two scenarios are similar in the peak snowpack because of compensating
seasonal changes

Bear River Uinta Headwaters Smith Fork Headwaters
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SWE (mm)

Snowpack (SWE) -- Lower elevation sites

sLower elevation sites see a more pronounced reduction in average snowpack

Bear River @ Smith Fork

Bear River @ Logan

15 T 35 T T T T
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Increased Agricultural Demand-- an example from Colorado

Delta 3E
Average Monthly CIR (Grass Pasture)

Average Annual CIR for Grass Pasturs ‘ = Range of Model Resulis

Rangeas fram 2.6to 31 2 AFAcres ==t jsioncal Ausrage

= vl Mol Remulla

Colorads River Water Avallabllity Study - Mhage |

*Colorado River
Water Availability
Study (CRWAS) --
under review

*Demand rises
earlier

eDemand is a
function of
temperature and
precipitation

*Additional
demand may not
be met
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Recap....
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END
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