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What GCMs Can and Can’t Do

There is considerable confidence that climate models provide
credible quantitative estimates of future climate change, particularly
at continental scales and above. This confidence comes from the
foundation of the models in accepted physical principles and from
their ability to reproduce observed features of current climate and
past climate changes. Confidence in model estimates is higher
for some climate variables (e.g., temperature) than for others
(e.g., precipitation). Over several decades of development, models
have consistently provided a robust and unambiguous picture of
significant climate warming in response to increasing greenhouse
gases.

IPCC 4th Assessment Report, Chapter 8, Climate Models and their Evaluation
http://ipcc-wgl.ucar.edu/wgl/wgl-report.html

There are basically two approaches to downscale
coupled climate model projections :
ieti These methods assume a relationship between large-
51.OTISTICOI scale ic i (predi o and [ocalg
DOWHSCG“"Q climate variables (predictands).

* Pro: Cheap and + Con : Requires long and

computationally efficient.

« Pro : Can use many different
scenarios, model runs.

« Pro : Easily transferable to
other regions.

Statistical Downscaling

reliable observation data.

« Con : Depends on choice of
predictors.

» Con : Assumes stationarity of
predictor-predictand
relationship.

+ Con : Cannot account for
feedbacks.

F. Dominguez, C. Castro et al., 2010 University of Arizona
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Methodology

Statistical Downscaling
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It is important to clarify that the Reclamation Data
is Bias Corrected, so the observed climatological
mean is matched in the historical data.
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Statistical Downscaling
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LLNL-Reclamation-SCU downscaled climate projections derived from the
WCRP's CMIP3 multimodel dataset, stored and served at the LLNL Green
Data Oasis is done using this technique (bias corrected).

Statistical Downscaling

F. Dominguez, C. Castro et al., 2010 University of Arizona
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Statistical Downscaling

Dynamical Downscaling

Definition: Use a numerical model to generate
fine-resolution output from coarser-resolution
input.

Implicit assumption: Finer resolution and/or

improved model physics (parameterizations)

improves representation of regional weather and

climate, compared to the driving model (GCM).

» more fidelity with observations and/or

» improved representation of physical
processes

Dynamical Downscaling

F. Dominguez, C. Castro et al., 2010 University of Arizona

The second downscaling approach is dynamical
downscaling.

Dynamical Downscaling

* Pro : Produces responses « Con : Requires significant
based on physically consistent  computational power.
processes.

+ Con : Limited amounts of
* Pro : Captures feedbacks. models / runs / timescales.

+ Pro : Can model changes that |.con: Dependant on GCM
have never been observed in boundary forcing.
historical record.

» Con : Problems with drifting

* Pro : Useful where of large-scale climate.

topographic controls are
important.

Dynamical Downscaling

F. Dominguez, C. Castro et al., 2010 University of Arizona

Use the regional model as a “magnifying
lens” to create higher resolution data...

GCM data

Physically based
- Regional Scale

Historical (Reanalysis) Seasonal Forecast (CFS) Future Projections (IPCC)

Dynamical Downscaling




Land

Turbulent AT

Precipitation diffusion

processes energy
balance

Dynamic core
Radiation Conservation Boundary
Equations: |ayer
Mass, motion,
energy, water

Boundar Parameterized
. Y processes, cannot be
LUCIEEHE  resolved on the grid.

Dynamical Downscaling Dynamical Downscaling

Observation UKMO-
s CPC HadCM3

Statistical downscaled
output:
Ppt, Tem: monthly

Dynamical downscaled
output:
90 variables: 6-hourly

Winds, temperature,
humidity, ET, potET,
SWE, snow depth, soil
moisture...

Castro, Dominguez, Chang
. . University of Arizona
Dynamical Downscaling

Regional Model Grid (35km grid spacing)

WRF-
UKMO

nnusl Temperature (°F)

Change in
20208  Ensemble-Median

020s

Reclamation,
SECURE Water
Act Section
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Climate Change

Reclamation,
SECURE Water
Act Section
9503(c) -
Reclamation
Climate Change
usl Tempersture (°F) Change in Mean Anrwual Temperature (°F)
and Water, semble-Medion 20705-1390s, Ensemtie.Median
Report to
Congress, 2011

and Water,
Report to
Congress, 2011

Change in Mean Annual Precipitation (%
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Dominguez, F., J. Cafion, and J. Valdes, 2010: IPCC-AR4 climate simulations for the
Southwestern US: the importance of future ENSO projections.
Climatic Change, 99, 499-514.

J. Weiss, University of Arizona (Geosciences)

16-model 3-model
ensemble ensemble
All A2 Bl Alb A2 Bl
2011-2040  Annual -0.8 +0.1 +19 -18 +7.6
DJF 4.2 0.4 447 53 +10.2
MAM -16.6 135 115 -24.8 4.6
A +3.8 <05 +38 -12 <36
SON +3.1 +5.4 <14 +10.1 +17.6
20412070 Annual | -2.1 -48 -23 -3.0 +2.7 -0.4
DIF 53 4.0 9.5 -14.8 +6.3 0.2
MAM -27.4 -25.4 195 -275 -247 139
A +29 1.6 +38 +3.0 +13 421
SON +54 -0.8 +4.0 +14.1 +16.7 +15.0
2071-2099  Annual 2.6 4.7
DJF -95 0
MAM -37.4 38.8
1A +2.8 +7.2
SON +47 +139 +50.2
Precipitation. Percent departure from 1971-2000 climatology of BCSD statistically

downscaled CMIP 3 climate projections for the 12 cells that intersect City of Tucson
boundary. The 16-model ensemble includes the first runs of each of the models available.
The 3-model ensemble includes the first runs of the HadCM3, NCAR CCSM3, and MPI
ECHAMS models.

J. Weiss, University of Arizona (Geosciences)

16-model 3-model
ensemble ensemble
Alb A2 Bl Alb A2 Bl
2011-2040 Annual -0.8 +0.1 +19 0.6 -18 +7.6
DIF 4.2 04 +4.7 6.4 -5.3 +10.2
o IO RER] T Iz 2 =5
2N +3.8 5 +3.8 +34 -1.2 +3.6
SON +3.1 <54 +14 +10.8 +10.1 +17.6
2041-2070 soal o0 4 2 30 42 04
DJF -5.3 -4.0 -9.5 -14.8 +6.3 9.2
WA 7T 753 BEA “Z7 BZ) 133
A +2.9 16 +38 +3.0 +13 +2.1
SON +5.4 0.8 +4.0 +14.1 +16.7 +15.0
2071-2099 nnual 1 06 05 2.6 4.7
[oE -12.0 -8.2 -9.5 -21.0
FIAM =T ToT £ =
1A +5.0 +7.1 +28 472
SON +5.1 4.7 +13.9 +50.2
Precipitation. Percent departure from 1971-2000 climatology of BCSD statistically

downscaled CMIP 3 climate projections for the 12 cells that intersect City of Tucson
boundary. The 16-model ensemble includes the first runs of each of the models available.
The 3-model ensemble includes the first runs of the HadCM3, NCAR CCSM3, and MPI
ECHAMS models.

J. Weiss, University of Arizona (Geosciences)

16-model 3-model
ensemble ensemble
Alb Bl Alb A2 331
2011-2040  Annual +19 0.6 18 +76
DIF 447 -6.4 53 +102
MAM -115 -22.0 -24.8 4.6
T TE G TZ T35
SON +14 +108 +10.1 +17.6
2041-2070  Annual | -2 48 23 -3.0 +2.7 0.4
DyE 5 40 05 14 £3 02
[pram -27.4 -25.4 -195 -27.5 -24.7 -13.9
A +2.9 16 438 +3.0 +13 +2.1
SON +5.4 0.8 +40 +14.1 +16.7 +15.0
2071-2099  Annual | -06 6.2 0.5 2.6 4.7 +19
DIF 2120 -17.3 -8.2 95 -210 -5.9
MAM -30.3 -374 -19.1 -37.4 -38.8 -128
A 50 =21 =71 T =77 3
SON +5.1 +6.3 <47 +13.9 +50.2 +14.6

Precipitation. Percent departure from 1971-2000 climatology of BCSD statistically
downscaled CMIP 3 climate projections for the 12 cells that intersect City of Tucson
boundary. The 16-model ensemble includes the first runs of each of the models available.
The 3-model ensemble includes the first runs of the HadCM3, NCAR CCSM3, and MPI
ECHAMS models.

16-model 3-model
ensemble ensemble
Alb A2 Bl Alb A2 Bl
2011-2040 Annual -0.8 +0.1 +19 -0.6 -1.8 +7.6
DJF 4.2 0.4 +4.7 -6.4 -5.3 +10.2
MAM _166 -13.5 115 2.0 -24, 46
| 1A +3.8 +0.5 +38 +3.4 -1.2 +3.6
ON +3.1 +5.4 +14 +10. +10.1 +I76
2041-2070 Annual 2.1 48 23 -3.0 +2.7 0.4
DIF 5.3 -4.0 9.5 -148 +6.3 9.2
s 224 25 ac 22 24 2g
A +2.9 -16 +38 +3.0 +1.3 +2.1
SON +54 08 +4.0 +14.1 +16.7 +15.0
2071-2099 Annual -0.6 6.2 -05 -2.6 +4.7 +19
DJF -12.0 -17.3 -8.2 -9.5 -21.0 -59
MAM 30 ils 191 2374 3. 128
[ 5.0 <21 471 28 472 +39 |
ON +5.1 +06.. +4. +13.9 +30.2 +Iie

Precipitation. Percent departure from 1971-2000 climatology of BCSD statistically
downscaled CMIP 3 climate projections for the 12 cells that intersect City of Tucson
boundary. The 16-model ensemble includes the first runs of each of the models available.
The 3-model ensemble includes the first runs of the HadCM3, NCAR CCSM3, and MPI
ECHAMS models.

J. Weiss, University of Arizona (Geosciences)

J. Weiss, University of Arizona (Geosciences)
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Dynamically Downscaled Climate Projections for the
Southwestern United States
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Dynamical Downscaling

Definition: Use some kind of numerical model to generate finer-
resolution information from coarser resolution information. For
the atmosphere, this is a regional climate model.

GCM data

|

Regional Climate
Model (WRF)

Assumption: A finer resolution
and/or improved model physics
gives a “better” representation of
weather and climate than the
driving GCM.

Physically based -
Regional Scale

“Better” may = more fidelity with

observations and/or improved ]
. N Historical (Reanalysis) Future Projections (IPCC)
representation of physical

processes

RCM is a physically based model with enhanced
representation of the terrain forcing and land-
atmosphere interactions.

Regional Climate Model (WRF)
GCM data

’
’
/ Precipitation)
/
’
/

Regional Climate \ I ’

Model (WRF)
Radiation Dynamic core Boundary
- N i

Historical (Reanalysis) Future Projections (IPCC)

Dynamical Downscaling

« Pro : Produces responses
based on physically consistent « Con : Requires significant

processes. computational power.
« Pro : Captures feedbacks. « Con : Limited amounts of

models / runs / timescales.

« Pro : Can model changes that
have never been observed in « Con : Dependant on GCM
historical record. boundary forcing.

« Pro : Useful where topographic
controls are important.

We use two sources of dynamically downscaled data
for this analysis:

o Gl ot
T T (T AT —
Fadley Centes Hegio V3 {
Pann " State Umwr:M:AP Wesascale Model T
’|":;T&Tu’ “entre for T hecretical Physics Reg, Chmate | RCM3.
il 3
ORI Westhr Resere s Forscstig Nl
Cloba Ulne Moddhs
Conmpy s Sy Tt
T ation Coupled Global Climate Wodel
. o Dot dbotony GO
Coupld T f—

7 simulations 1 simulation
50 km resolution 35 km resolution
Time slice experiments Continuous

When compared to observations
of winter precipitation in the
Western US:

1. RCMs realistically represent
the spatial pattern.

2. All models overestimate
precipitation.

AR Wb Bt

B

“observations”




The ensemble future projections show increasing
precipitation in the north and decreasing precipitation
in the south of the western US.

) Ensemble Change d) Model Agreement

Mean winter precipitation change future (2038-2070)- historical (1968-2000)

Pima county in is projected to have decreasing
precipitation in all months.

) Ensembie Change

B Historical

g . Future
i

o

However, mean precipitation changes are small and
generally statistically insignificant.

We have also evaluated changes in future extreme
precipitation for the Western US.

Example for the Verde River Basin

Changes in historical and future 20-year and 50-year
daily winter precipitation events.

We find a consistent and statistically significant
increase in the intensity of future extreme winter
precipitation events over the western United States,

©) Ensembie Change d) Model Agreement

The models project deceases in mean winter precip.
and increases in extreme winter precip. for the SW.

.1 7 | Changes in the mean are
i .. | smalland generally

i ' *+ | statistically insignificant.
44 . Changes in the extremes
%. R are large and generally
5T " statistically significant.

The maximum number of dry days is also projected to
increase in the Southwestern US.

M Oy Ensambde Winkr (19681099,

Historical Max Dry Ensemble Winter (2038-2070) - (1968-1969)

Future

Future-Historical




We have used a dynamical downscaling framework
to evaluate climate projections for the Western US.

¢} Ensarmtio Chivngs ) Enscmbls Change

u[:
ISF
(A B

In the Southwest, the models
project:

1. Decreased mean winter
precipitation.

2. Increased extreme winter
precipitation.

3. Increased number of
consecutive dry days.

In conclusion... jl




Native Fish Conservation
& Climate Variability in
Southeastern Arizona

Doug Duncan and Gregg Garfin

US Fish & Wildlife Service and University of Arizona

FI3H & WILDLIEE
SERVICE
l CLIMAS
Climate Assessment for the Southwest

...
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FISH STATUS

» 21 species in southeastern Arizona
+ 16 still occur in the area

* 4 are extirpated

» 1is extinct

» 13 species federally listed under the
Endangered Species Act

—9 are listed as endangered
—4 as threatened

THREATS

* nonindigenous species

* habitat loss

* reduction in habitat quality

—Habitat destruction and the introduction of

nonindigenous species are responsible for
the decline of 98% of North American
fishes listed as endangered, threatened,
or of special concern

Native fish sites

Unsuitable

— nonnative fish
— landowner resistance |
Unusable

— sport fishing 5
— degraded water quality® &
— other rare aquatic vertebrates

OTHER NATIVE AQUATIC SPECIES

» 3ranid frogs
—lowland leopard
—Chiricahua leopard
—Tarahumara

» 1 salamander

» several garter snake species

KEY PROJECTIONS:

enhanced hydrologic cycle - in a

warmer world an enhanced hydrologic
cycle is expected; flood extremes could
be more common causing larger floods;
droughts may be more intense, frequent,
& longer-lasting



INTERSECTION OF CLIMATE INTERSECTION OF CLIMATE

& FISH & FISH
- drought and climate change, plus The impact of site desiccation is obvious
historical and continuing threats, will

. . . . —Less obvious effects can occur with drought
make native fish conservation in SE and a warmer climate.

AZ even more difficult
— Sites with reduced streamflow, or ponds or
pools with low water could become fishless
from reduced DO

INTERSECTION OF CLIMATE INTERSECTION OF CLIMATE
& FISH & FISH
* Bonar et al.
—NIS have higher thermal tolerances « We have seen these occur at
—Many natives have lower tolerances |mportant natural Glla topmlnnow

than expected

—Warmer waters will mean less habitat
for natives, and favor NIS

—Once again, the 1-2 punch of NIS and
habitat loss and degradation hits

sites




RECOMMENDATIONS

- Constructive dialog about native fish
conservation needs, and how drought
and climate change will affect it

RECOMMENDATIONS

Natural resource managers should be
informed about climate variability

RECOMMENDATIONS

» Conservation planning should
address climate variability through
adaptive management



RECOMMENDATIONS

. Complete and implement fish salvage
protocol

RECOMMENDATIONS

» agencies should begin work on
identifying & creating potential
replication and refuge sites

RECOMMENDATIONS

* Important fish populations should be
replicated

—Genetic information crucial in
determining important populations

RECOMMENDATIONS

* monitor important aquatic sites & fish
populations

—expand monitoring programs to enhance
drought preparedness



Orought Information

*Long term
*Consistent
*Impacts to Natural
Environment

Streamflow
Volume (cfs)

Groundwater
Annual rise and fall

ortance of Long-Ter
- 30 years of Hydrologic Monitoring on Cieneg
1975 (1986 Preserve est.)

Groundwater & Surface water (monthly)

* Wet/dry mapping (quarterly) — Next Dec!
Recent erosion study
+ Davidson CanyoT”

drought Informatio_

*Local Drought Impact Group
(municipalities)

* Pima County & City of Tucson in
“Drought Stage 1” (public notice)
- Next trigger is CAP supplies

* DroughtWatch reporting
(everyone encouraged)

Drought is Present on
the Santa Cruz Watershed
(Oct. 2011)

Long Term -“Moderate” status
Short Term -“Extreme” status

U.S.D.A. designated Pima County
a contiguous disaster area, Aug. 2011
(Agriculture)

ow Extent Decreas
et/Dry Mapping)

Percent Flowing (Wet) from June 1884 - 2010

535553538

»>Cienega perennial segments it e
decreasing in length since 1980s —ts
+1984- Continuous flow i by damant
Since 1999 — avg. 28% flowing
*Currently- Peak Drought 2011

33

Davidson Canyon

+Similar declines

+2005- channel and pools
completely dried

*No longer see native fish or
Lowland leopard frogs
+Additionally stressed by ORVs




Clear Drought Effe
Groundwater

Shallow Groundwater:
Currently significantly below pre-drought levels

+2002 - Drought impacts noticeable
+2004 - Severe

#2005 - 2008 some recovery

2009 - 2011 - Severe

lswary  Mach My July  September Wovember

Pre-Drought 5 ft

Depth to Water
Below Land Surfacte [feet)

Drought

yrridor and Erosion effec
2adcut — Erosion Feature

Streamflow Variability

— No Flow June 2011
(2" time on record, also 2003)

— Sept. 2009 <10% of pre-drought flow
* Normally Wettest time of year

* 2011 Wettest Sept. on record (10th wettest
monsoon- NOAA)- Little fish recovery

— Peak changing winter/summer

De-Stabilized Soils
De-Watered Root Zone
Change in Habitat

sanussett®
aen

strea™

*Summer- Steeper slope
*Flow absent earlier downstream
*Erosion Follows Dry Periods

Upstream




on/Drought
Connection

Trade-Offs in Habitat
*Headuct increased in fish habitat
diversity in short term
*More pools in active headcut zone
(10 years)
sLoss of sediments exposed
subsurface flows
*Loss of vegetation cover and
composition (20-30 year old dense
riparian tree canopy)

iparian Habi
:'I.Hn‘m

Along Lower
CGienega Creek

Arizoma Watar Protaction Fund
Grant 407184

Startat Top

Geomorphology

agement Goals (County Natural Preserve):

»Maintain in-stream flows, preserve tree-sustaining
hallow groundwater, and preserve natives

lor and address contributing human factors:
ndwater pumping, roadways
silience:

rroyo restoration (Las Cienegas) y
frastructure/ Low Impact Developr.

Mead Mier

PAG Watershed Planning Program
(520) 792-1093

MMier@pagnet.oi
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DISCHARGE AT USGS 09471000
SAN PEDRO RIVER AT CHARLESTON, AZ

Flood of 5/30/05 Flood of 5/30/06

M.P.F=months post flood
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Personal Communication — Carlos Soto

7
RESU|tSZ As a 100 Floodplain/channel zone — 1055
legacy of past 800 e
extreme 8 600 = 2003
disturbance, g o
pioneer woody *
vegetation has 20 l I HH
been expanding O e e
over past 2 ol wi@‘““\;ia e o
century.
Status in 2003
Populus | Shrub./ | Grass- Bare Farm | Most
Salix wood. land ground | +urban POPUIUS/SG”X
Status in 1955 3
- points mapped
Populus/Salix 15% 3% 7% 9% 0% 2
Shrub. /wood. 10% 46% 4% 23% o | N 2003
Grassland 19% | 2% | 4% e | oz | arose from bare
Bare ground 56% 29% 48% 50% ox | ground (as
Farm + urban 0% 0% 0% 0% ox | mapped in 1955)
Sum 100% | 100% | 100% | 100% | 100% 9

Water Balance of Uplands

ANNUAL WATER BALANCE

s
CHANNEL _"_/——’_'_‘“\,\_‘,,u—
m

 cnven ONSITE RUNOHT
TRANSMISSION oin

LOSSES 23 mm

WS in

350 min

GROUNDWATER
HARGE

RECHARC:
e

Loy

PRECIPITATION
1

Renard et al. 2008

11

Problem statement: Legacies of past extreme flood
events may be shaping current vegetation trajectories

and response to climate change.

Climate extremes + land use extremes == Historic entrenchment
of San Pedro River

PD3I Southwestarn Unted Ses

"It was probably during the 1896 flood that a
channel almost 244 m wide and 6 m deep

developed...” (Hereford and Betancourt 2009).

Methods: Aerial photographs of the Upper San Pedro River
from 1935, 1955, 1978 and 2003 analyzed to assess temporal
and spatial trends in vegetation cover type abundance.

Ephemeral Streamflow

K\: \

Flume &
Vokime: 246,200 cublc meters
Poak Discharge: 107 cms

p
10t N ez

\ Volume: 187300 cubic meters.
= ol M) Posk Dicharge: 73 s
o |

N

‘Vokume: 155,400 cubic meters

120

<=

of Aug. 27, 1982

10

DISCHARGE AT USGS 09471000
SAN PEDRO RIVER AT CHARLESTON, AZ
Flood of 5/30/05 Flood of 5/30/06
10000
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> 1000 ~7.3
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% 100
@
S
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& 1 —
g ~2.2)
s o1 M.P.F
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M.P.F=months post flood HHHH=Sampling Campaign

Personal Communication — Carlos Soto 12



Well Transect

Upward Gradiant

o
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National Ml Phenology Network

— Phenology (timing)

— Species distributions (spatial extent)
— Invasive species

— Native communities

Number of flow:

Day of year

Miller-Rushing and Inouye. 2009. American Journal of Botany

~atonst M perdiogy Network Local changes in phenology
* Species flowering range changes
* Onset of spring season
* Onset of summer season

Winter Moth
EARLIER

SAME TIME
EACH YEAR

Pied Flycatcher Both et al. 2006 Nature

Number of flow:

Day of year

Miller-Rushing and Inouye. 2009. American Journal of Botany

Finger Rock Trail,
Santa Catalina Mtns

Flowering plants
1984-2010




Finger Rock Trail Phenology : 93 species (26%) show change s Spring Season — changes in flowering onset (1984-2003)
in flowering range with elevation with warmer summers

A 6000 6000
5000 5000

12 species exhibited

flowering range shift 3
4000 4000 upslope

3000 3000 2

34 species exhibited
flowering range
expansion upslope

o

Change in FFD/year

Marina parryi
Cynodon dactylon
Penstemon parryi
Senecio lemmoni
Tragia nepetifolia
Oxalis albicans

Carnegiea gigantea
Erigeron divergens
Sphaeralcea laxa
Erigeron divergens
Arabis perennans
Erigeron divergens
Castilleja tenuifiora

6000 6000 23 species exhibited 2

5000 5000 flowering range

4000 2 4000 contraction upslope
/

3000 3000

Aristida adscensionis
Parkinsonia microphylla
Phacelia ramosissima
Cryptantha pterocarya
Phoradendron californicum
Calliandra eriophylla

Astragalus nothoxys

Ptelea trifoliata ssp. angustifolia
Phacelia ramosissima

Senecio neomexicanus
Carphochaete bigelovii

-4
Mile 1 Mile 2 Mile 3 Mile 4 ' Mile 5

Crimmins, Crimmins & Bertelsen (2009) Global Change Biology Crimmins, Crimmins & Bertelsen (6010) Journalof Ecology

Local changes in phenology

documented...

* Species range changes - upslope

* Low elevation habitats:
— spring season: delayed onset associated with * Continuing spread of non-native grasses: Lehmann
changes in winter precip, insufficient winter lovegrass, red brome, buffelgrass, soft feather
chilling pappusgrass, natal grass

— summer season: higher temps; less a
moisture

Bottom line: so
responses!

. INg DECIS
Making & Management

Implications

aprojectof the USA-NPN

biodiversity?
Temporal mismatches?

* Long-term data archive

* Raw data

* Increase competition for
resources?

 Affect flower size, seed set?

* Allow invasions by nonnative
species?

* Visualization/decision support tools


http://www.science.psu.edu/alert/photos/miscphotos/PostCaribou1.jpg

[ Climate Change (means and variability) |

N I

Changing { § Changing } { Changing
bioclimatic § i climate i i fire danger
envelopes 3 H variability H H (ERC)

Establishment

Altered fuels and
fire regime

I Positive feedback |
i cycle

Wildfire
potential

potential

+

Abatzoglou, J. and Kolden, C. 2011. Climate Change in the
Southwestern U.S.: A recipe for increased wildfire and spread
of invasive grasses. Rangeland Ecology & Management.

Frequency of Extreme Advance in Fire  Advance in Median (Peak)
Fire Danger Season Start Date Date of Fire Season

Multi-model Mean Projected Changes by mid-21st century
(2046-2065) compared to historical conditions (1971-2000)

Abatzoglou, J. and Kolden, C. 2011. Climate Change in the
Southwestern U.S.: Arecipe for increased wildfire and spread
of invasive grasses. Rangeland Ecology & Management

SOUTHERN ARIZONA . .
A non-profit partnership across

the public and private sector
entrusted with educating,

/ planning, and coordinating
mitigation of buffelgrass

/ invasion and its impacts across

multiple jurisdictions

Buffelgrass www.buffelgrass.org

COORDINATION
CENTER

SOUTHERN ARIZONA]

Science and Management Priorities for
Mitigating the Impacts of Buffelgrass Invasion
and Novel Fire Regimes in the Sonoran Desert

r ‘ First Annual Workshop, May 4-6, 2010 Tucson

Buffelgrass

COORDINATION

b~ Invasives Species
=z P

as U Science Branch
science for a chanaina werld

Fort Collins

Science Center

PARTNER:
fureag of Land
Management
Naticia Park Service
Tohone Dodham Nathan - Souther Arzor

USOA FrestService | Leadershp Coandl_

US. Getlogial ey & [oaagitmn T P
Pima County

Giyof Tocson

Town of Marana

Townef s Vlkey

Townof Sahuarits

Uriversity of Arizons

(oloradoState

Tocson ntemational
Asport ~

Heizons Sonors

9 COORDINATION
Desert Huseum ogan Sivgscn Design Conre

i.  Novel ways of repeatable mapping using remote sensing

ii. Empirical evidence for spread rates and degree to which they
are variable or constant in time & space

iii. Decision support based on dynamic vegetation models

iv. Statistical and deterministic habitat suitability models

v. Life cycles for conventional control methods

vi. Microorganisms with the right specificity for use in biocontrol

vii. Landscape models capable of identifying when and where the
largest fires tend to start and spread

viii. Post-fire and post-treatment restoration

ix. Long-term forecasting of environmental consequences should
mitigation fail




Landcover
.

Ecological impacts

Vulnerability, Risk, &
Priority Assessment
Associated with

Buffelgrass Invasion
in the Tucson Basin

Buffelgrass Suitability

P

d

R A

Vulnerability, Risk, & Priority Assessment Associated
with Buffelgrass Invasion in the Tucson Basin

View E-NE across the Tucson Basin to the south slope of the Catalina
Mountains where 11 buffelgrass patches were measured for rate of
spread using aerial photographs taken in different years

flmeoon, % e
‘ /|

Postaror probability (%)

Change point analysis for means &
variances of plant species richness
& diversity with buffelgrass cover

>44% cover

D

0 2 a0 ]

P. ciliare cover (%)

Olsson et al.
2011. Diversity
& Distributions)




Buffelgrass Spread
Rates at 11 sites
South slope
Catalina Mts

Olsson, Betancourt, Marsh &
Crimmins, In Review, Journal of
Arid Environments

Irfested wra tha)

Infested area (hs)
.
-

Invasion- determined
spatially from
neighbors or long

Growth- need
to determine
rate or timing

distance
—_— —_— —
P Uninvaded %7 550% - >50% <4 Undetected
= ) — ) — ] — ) Inventory-
dashed means
failure to detect
- — —
Ao e gy, g cam P »0% -4  Detected
Seedbank Pyl F— I
resurgence in .
e Treatment- Pullmg
maintentance or spraying,
dashed means
failure Seedbank

Probability of

@n? j
Mortality after 3

yrs in seedbank ‘

Markov Chain Model for Buffelgrass
Succession & Treatment Dynamics

2060 Simulation Scenarios for Buffelgrass Invasion in the Catalina Mts

No_MGT_50

MapClass
Seedbank - <5%
Undetected - 6%
I Undetected - 5-50%
I Undetected - >50%
Detected - <5%
Detected - 5-50%
I Detected - >50%

No Management

Intermediate Management
Worst Case

Intermediate Management
Best Case

Unlimited Management
Worst Case

Unlimited Management
Best Case

Decision Support Model
Training Workshop
USGS Fort Collins

Science Center
October 2010

—+—No Management

—&-Unlimited Management - Worst Case
—#—Unlimited Management - Best Case
—— Interm-Mgmt-Best-Case

——Interm-Mgmt-Worst-Case

Area Invaded (ha)

2020 2040

Frid et al. (in press)
Invasive Plants
Science &
Management

SUBCOMMITTEE ON NATIONAL PAR

American bison, long a symbol of our
national heritage, graze freely in
Yellowstone National Park.

Panel 1

Bert Frost, Associate Director

Natural Resource Stewardship & Science
National Park Service

Faye Krueger, Deputy Regional Forester
Southwestern Region

U.S. Forest Service

Dr. Ned Norris, Chairman

Tohono O'odham Nation

Losing Ground: The War On Buffelgrass In The
Sonoran Desert - April 10, 2010, Tucson

KS, FORESTS AND PUBLIC LANDS

Chairman
Raul M. Grijalva

Panel 2
Sarah Smallhouse

The Thomas R. Brown Foundations
Chuck Huckelberry

Pima County Administrator

Dr. Richard Mack

Washington State University

Dr. John Brock

Brock & Associates




FY11 FEMA Pima County Wildfire Risk Mitigation Project ($3.4M)
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