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Outline

« Discussion of climate change,
Global Climate Models, and
Issues of scale

» Translating climate change to
hydrologic response

« Water availability
 Irrigation demand
« Recharge

» Future projections in Sonoma
County

« North Bay Climate Adaptation
Initiative (NBCAI): local
applications of science to
resource management




Study: Arctic sea ice melting faster than expected

#MH— by Buzzup [ Sendw ¥ Sharew oo Print

By RANDOLPH E. SCHWID, AP Science Writer — Fri Apr 3, 1:03 am ET

AP —Int uly 11, B = giant
glacier is seen making its way to the waters of
Croaker Bay on Devon ...

eit) above” what would be expected, the new study

ad been expected by the year 2070.

Joint Institute for the Study of Atmosphere and Ocean and James E.
Atmospheric Administration’s Pacific Marine Environmental Laboratory,




CO, emissions

Increases in
atmospheric CO,
changes the energy
balance of the earth
keeping in long-wave
radiation and warming
the earth
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Fig. 1. Keeling curve for atmospheric CO,. Monthly mean
atmospheric CO, at Mauna Loa Observatory, Hawaii.
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Model Projections of an Imminent Transition to a
More Arid Climate in Southwestern North America
Richard Seager, et al.
Science 316, 1181 (2007);

AVAAAS DOI: 10.1126/science. 1139601

Model Projections of an Imminent
Transition to a More Arid Climate in
Southwestern North America

Richard Seager,** Mingfang Ting," Isaac Held,* Yochanan Kushnir, Jian Lu,*
Gabriel Vecchi,? Huei-Ping Huang," Nili Harnik,® Ants Leetmaa,” Ngar-Cheung Lau,*>
Cuihua Li,* Jennifer Velez,* Naomi Naik®

How anthropogenic climate change will affect hydroclimate in the arid regions of southwestern
North America has implications for the allocation of water resources and the course of regional
development. Here we show that there is a broad consensus among climate models that this region
will dry in the 21st century and that the transition to a more arid climate should already be under
way. If these models are correct, the levels of aridity of the recent multiyear drought or the Dust
Bowl and the 1950s droughts will become the new climatology of the American Southwest within a
time frame of years to decades.
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Globallwarming and the
spatialvariability of a changing climate

Global Land—Ocean Temperature Index Feb. 2010 - Jan. 2011 (]2 m()nths) 0.61

—=— Annual Mean
—— 5—year Running Mean

-2 -1 -6-2 2 6 1
Base Period: 1951-1980




GEDL-A2 scenario
Change in Runoff

How do we get there from here?




Climate Change Scenarios

IPCC Special Report on Emission Scenarios (SRES) has
developed scenarios corresponding to potential future global
and regional economic and land use strategies
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—&— (CDIAC (carbon Dioxide Information Analysis Center)
—B— E|A (nternational Energy Agency)
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Global Climate Models (GCMs)
—Climate Change Scenarios

Climate model data (precipitation, air temperature) are available from
the IPCC at 2.5 degree resolution, ~275-km

Model scenarios downscaled to 12-km

Spatially downscaled to 270-m for hydrologic model applications
gradient-inverse distance squared interpolation

275 km grid cells 12-km grid cells




Downscaling
Climate Change Scenarios

Data are spatially
downscaled to 270-m
using a gradient-
Inverse-distance-
squared (GIDS) method
for hydrologic model
application
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EInE=Scaler Application

* Provides information at the
spatial scales at which
Processes occur

e \egetation distribution in local
environments

» Energy balance on north and
south facing slopes

Basin-scale water availability



Laguna de
Santa Rosa
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Current Climate in Sonoma County (1971-2007)

Precipitation Maximum Air Temperature Minimum Air Temperature
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Climate for Sonoma County:
current and future conditions — 4 scenarios

== Historical
== GFDL-A2
=== GFDL-B1
=== PCM-A2
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Iranslating climate change to
hydrologic response

« Requires downscaling from global
scales to regional

« Requires an approach to simulate
hydrology from available
Information

» Basin Characterization Model (BCM)

— grid-based data

— uses climate data and calculates
— potential evapotranspiration
— recharge and runoff
— actual ET
— climatic water deficit
— snow accumulation and snow melt




Sublimation Precipitation Solar radiation

Snow . Potential
accumulation AFITEES evapotranspiration

Watershed available
water (excess water)

Soil profile Actual
evapotranspiration
Total Soil Porosity ~30-70%

0.01 MPa,-100 cm

6 MPa, -600cm
1,000 MPa, -100 km

Soil Water Potential

Climatic water deficit
(PET-AET)
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Model Development

Geology

Geology

|:| Alluvium - channels

|:| Alluvium - landslides

[ Alluvium - valley fill

- Conglomerate

- Gabbro

- Granite

|:| Granite - mixed

- Igneous - dikes and plugs
- Metamorphics - gneiss/schist
- Metamorphics - serpentinite
- Metasediments

|:| Metavolcanics

|:| Sandstone

- Sandstone - Santa Margarita
- Sandstone - claystone

- Sandstone - claystone melange
- Sandstone - shale

- Sandstone - shale eocene
|:| Sandstone - shale lower

|:| Sandstone - shale upper
- Sandstone - siltstone

|:| Volcanics - lava flows quaternary
- Volcanics - lava flows tertiary
- Volcanics - pyroclastics

- Volcanics - rhyolites

. Water




Model Development

Soils

Soil thickness
(meters)
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Calibration Using Discharge Measurements

—BCM simulated
—Measured

Basin discharge, thousands of cubic

BCM,,, BCM,4,

Upper Dry Creek
qrrypsrrmr}i%}){ul'!sle Diversions Agrfcu.ftura.f pP mmpanl”g)' flows)

run losses D;schar e
Discharge
Stream Runoff




Runoff

Runoff
r recharge

1971-2000

Recharge




Change from (1981-2010) to (2071-2100)

PCM-A2 GFDL-A2

hange ir
Recharge




Change from (1981-2010) to (2071-2100)

PCM-A2 GFDL-A2
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Seasonal Shifts in Recharge and Runoff

N
==GFDL-A2 2071-2100 ==GFDL-A2 2071-2100
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Consideration of Future Drought Conditions
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Russian River at Hopland
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GENERAL-HEAD
BOUNDARIES

COTATI
WILSON GROVE
I RUSSIAN RIVER
KENWOOD
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DRy year (1977) \Wet year (1983)
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PRMS Rainfall-Runoff daily model: GEDL A2 scenario

— historic —GA2 future =10-yr sliding mean historic =10-yr sliding mean future
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Climatic Water Deficit

Annual evaporative demand
that exceeds available water

Potential — Actual Evapotranspiration

Integrates climate, energy loading,
drainage, and available soil moisture
storage

Vegetation independent (indicator)

Address Irrigation demand

A : Climatic
Generally increases with all future Water Deficit
climate scenarios (mm/yr)

I 450 - 500
I 500 - 550
I 550 - 600
I 600 - 650
[ 650 - 700
. 1700-750
- |750-800
" 1800-850
I 850 - 900

I 900 - 950
I 950 - 1,000

mm Water







Irrigation Demand (Segment of the Russian River)

y = 20.073x- 33349
R?=0.1971
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Climate IS changing
'S about warming ana varianility
Spatial scale matters

Viodeling approaches can addrea
at muluple SCales Tor resource ma
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 Increasea demand for Irrigation

 Shorter wet season, longer dry season

REcharge resilience depends on

* Abllity to store groundwater during wet perioas

 Enhancement of recharge
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to advance science-based conservation
throughout our region and beyond

\ LPepperwood

PRESER?E




Basm Characterlzatlon Model Toigeial
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The Million$ Mystery
Variable

for the Bay Area:

Fog frequency

Measured 2000-2010
Modis satellite imagery

- TMAX Contrast
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North Bay Climate Adaptation Initiative

Pepperwood

Preservae

SOMDMA COUMNTY

AGRICULTURAL PRESERVATHON
AND OPEN SPACE DISTRICT

S~ CLIMATE
= ?HGT%TII'JH

FANCANPAIGH SINEOFCAUFORMA = (&)
illasllal L APHILSEL W allllity @

COMMUNITY
FOUNDATION

e ;USGS

JOINTAVENTURE

Creekside Center
for Earth Observation

a CALIFORNMIA ENVIRONMMENTAL PROTECTION AGENCY
vation District | NORTH COAST REGIONAL WATER QUALITY CONTROL BOARD




\APepperwood

TRl NBCAI monitoring

Inspiring conservation through science

| coupling climate-ecosystem
measurements

advancing real-time monitoring
in So Co

sharing data via CA-LCC
Climate Commons

Tiiaaw o creating a network of
s practitioners

disseminating lessons learned

cost-effective means of measuring climate in

concert with biotic “vital signs”



Question: Where should we locate monitoring stations
for a representative range of iso-climates, climate
change stress, and habitat variability? R

CIMIS Menfloning Stations
COOP Monitoring Stalions
Selected Protected Areas

Process:
Examine the range of Sonoma County’s current and future iso-
climates and habitat variability
Select representative preserves for potential monitoring network sites

Assess were we need to add climate monitoring stations for
integrated bio-physical monitoring



North Bay Climate Adaptation Initiative
Objectives

Decrease uncertainty to acceptable levels by estimating potential
changes to climate, hydrology, and ecosystems based on the
best science available at the watershed (local) scale.

Provide managers in the North Bay with information, methods,
and guidance needed to address challenges of climate change
on natural systems.

Support a Sonoma County effort for climate adaptation to
Implement preventative measures that reduce the impact of
climate change on resources of concern

Inform Sonoma County planning and policy processes to
Integrate climate adaptation strategies in local decision-making



Thank you!

o [flint@usgs.gov

o Imicheli@pepperwood
preserve.org
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