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River damming for water
storage, hydropower, flood
ofe]p]ife]

Surface water diversion

Ground water pumping from
stream and regional aquifers

Over-use by cattle

Climate Change?
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Uncertainty in Future Climate

Projected Climate Change for SW by 2060 (SRAG 2000)

Change in Mean Temperature Change in Daily Precipitation
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THE UPPER SAN PEDRO (SE Arizona)

One of few undammed, low elevation
rivers in the SW US with perennial flow

Biodiversity hotspot ( “Last Great Places”)
Valuable migratory bird habitat

Growing human population & riparian
ecosystem both depend on groundwater

Threats from groundwater overdrafts
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Longitudinal Variation in Riparian Vegetation

Perennial Flow

Groundwater

Intermittent Flow

Groundwater

auI93( J3JeMpPUNOI9)

Ephemeral Flow
Condition Classes
1-DOry

2 - Irtermediate
3-\Wet

San Pedro River 2002

Groundwater
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San Pedro River 1890s H IStO rl C
Vegetation

San Pedro River 1962

Turner at al. 2003
The Changing Mile Revisited
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Modeling Climate Change Effects

Climate Change
Scenarios

'

— Daily Climate Land Cover

Watershed Runoff
Model (SWAT)

v

— Stream Flow Projections

v

Channel Migration
Model (MEANDER)

v

Projected Channel Migration
v
Riparian
Vegetation Model

'

Projected Vegetation Change

Site Conditions
(Groundwater, etc.)

Simulate range of
transient climate
change scenarios
(2003-2102)

Model effects of climate
on physical processes
(stream flow, channel
migration)

Model response of
vegetation to changes
In physical (and biotic)
drivers



Climate Change Scenarios
(2003-2102)

No change over 1951-2002 conditions

Warm: Warmer (+5 © C), but no change in precipitation
Warm Wet: Warmer, 50% increase in winter precipitation
Warm Very Wet: Warmer, 100% increase in winter precip
Warm Dry: Warmer, 50% decrease in winter precipitation

Transient scenarios, developed by modifying 1951-2002
daily weather time series
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Modeling Watershed Runoff and
Streamflow

no climate change

e Flow scenarios

— Ran calibrated basin runoff
model (SWAT) for the upper
San Pedro basin for the five
climate scenarios

Upper San Pedro - ﬁd

Sub-basins
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Modeling Channel Dynamics

loodplain Year %
|

]

e Simulated channel migration
(2003-2102) using MEANDER
(Eric Larsen, UC-Davis)

— Calibrated against historic conditions

2,008
2013

 Ran with simulated flows from
the 5 climate scenarios

o T e e I e e S A o
—_ -I 1 -I 1 T T -I 1 -I 1 1 1 T

 Assumed channel movement
creates recruitment sites for
pioneer species (cottonwood,
willow, tamarisk)



Modeling Vegetation Dynamics

e Designed fine-scale riparian
vegetation model in STELLA

max life span

e Simulated reproduction, ey
growth, survival of 11
dominant plant species

— Competition for light and water

— Ecological differences among
species

— Initial veq., site hydrology &
channel mlgratlon

 Projected veg changes under
the 5 climate scenarios

groundwater dept

* Ran fine-scale model multiple -
tlmes to Sca_'le reSUItS up to relative growth conditions AL G
patch and site







Results:
Hydrologic
Change

e Major increase Iin flood
magnitude & frequency
under wetter scenarios

e Near cessation of winter
floods under warm dry
scenario
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Results: Channel Migration

o Strong differences in simulated channel
migration among scenarios & sites
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Results:
Vegetation Change

e Cottonwood-willow patch
width declines under all
scenarios

« Coverage of mesquite
Increases dramatically
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B Salt cedar
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B Other
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Loss of Original Cottonwood Patches

e >90% of original cottonwood patches gone by 2102
— Most established in 1960s and 1970s
— Senesce as approach 100 years old

— Patches convert to mesquite under wetter conditions,
sacaton grasslands under drier

g N

\

No Change Warm Dry Warm Very Wet

[l Cottonwood O Mesquite B Sacaton O Other OEroded




New Recruitment

Recruitment of
New Patches

H O

Patches (m)
w

 New cottonwood &
saltcedar patches form
by channel migration
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change

e But, recruitment is
Insufficient to balance
senescence of old
stands

% Change in Total Coverage

e Greatest cottonwood
decline under driest
scenario, least under
wettest
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Results: Vegetation Change

» Least reduction of pioneer species (cottonwood,
saltcedar) at most geomorphically dynamic sites

250.0%

200.0%

150.0%

100.0%

50.0%

°
)
~
| -
o
=
)
@
=
K
o
©
o
o
I
o\°

0.0%

Hereford

Summers

Contention

St. David

E No Change
[l Historical
EWet

Bl Very Wet
OWarm

B Dry



Results: Wet Sites

— 90
" S [0 Salt cedar
— 80 -
Vegetatlon £ 70 { |ECottonwood
Change = 5%
S 40 -
_ & 30
« Site hydrology = 20 -
influences recruitment & * ] | | | |
of cottonwood vs. no warm wet  verywet dry
saltcedar S .
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e Suggests that future S 70-
groundwater conditions = 2|
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Drought Effects on San Pedro River (2005)
Drying up?

The water has stopped running in the
Charleston area of the San Pedro River
for the first time since records started
being kept in the early 20th century. Full-
fime records of the river's flow there
weren't started until the early 1930s.

@ Detail
area

Tucson
@

L

to from AZ Daily Star ik oo R
Photo by Mark Anderson, USGS Graphic from AZ Daily Star
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Keys to Future Change on the
Upper San Pedro

Successional processes

— Cottonwoods and willows are short-lived pioneer
species that require fluvial disturbance to persist

Geomorphic legacies

— Riparian forest distribution is a legacy of the San
Pedro’s geomorphic history, not in equilibrium with
present processes

Future geomorphic constraints

— Riparian forest coverage will depend, in part, on future
flood disturbance and geomorphic processes

Human exploitation of groundwater

— Human water use will strongly influence future
species composition (saltcedar vs. cottonwood)



Conclusions

« Uncertainty about how climate will change

» Effects of climate change on riparian vegetation
may depend on:

— Population age structure, successional trajectories of
vegetation

— Effects on disturbance — floods, fire
— Geomorphic context, history, and trajectory
— Human uses of water resources

e Present riparian zones are a product of past events
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e Traced channel
centerline on historic
aerial photos

e Calculated area
“reworked” by the river
between dates

« Related to historic
flows (cumulative
stream power) between
photo dates




~ . Winter floods (longer duration)

.+ Move channels;
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Possible Effects of Climate Change

on Riparian Ecosystems

Increased temperatures

Longer growing seasons

Expansion of mesquite and saltcedar to higher
elevations?

Higher evaporative demand and groundwater uptake
by phreatophytes

Higher water use by human ecosystems?

Greater risk of groundwater decline, channel drying,
and degradation of riparian zones?



Possible Effects of Climate Change
on Riparian Ecosystems

Increased winter precipitation

* Increased establishment of pioneer trees
(cottonwood, willow, salt cedar)

Increased rates of river channel migration

Increased re-soaking of floodplain soils and
floodplain aquifers

Greater recharge of regional aquifer

Greater plant growth during the dry season



Possible Effects of Climate Change
on Riparian Ecosystems

Decreased precipitation

 Decreased flooding and establishment of riparian
trees (but greater vulnerability to erosive floods)

e Decreased re-soaking of floodplain soils and aquifer
 Decreased recharge of regional aquifer
* Lower plant growth during the dry season

« With higher temp, greater stress on riparian
ecosystems

« Channel drying and shifts to drought tolerant species
(e.g., mesquite, saltcedar)



Changes in Rainfall are Uncertain

Projected Precipitation Changes at
Tombstone by 2060 (SRAG 2000)
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Warmer Temperatures are Likely

Projected Temperature Changes at
Tombstone by 2060 (SRAG 2000)
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Warmer Temperatures are Likely

Projected Changes in Mean
Temperature by 2060 (SRAG 2000)
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Changes In Rainfall are Uncertain

Projected Changes in Daily Rainfall
by 2060 (SRAG 2000)
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Cottonwood and willow ésablish e
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Effects of Cattle Removal

Vlew from Hereford Brldge

et ;W‘ Following cattle removal in
g S 1088...

» Expansion of riparian
vegetation

e Channel narrowing &
stabilization

Photos_by BLM
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Infiltration,
recharge

Bank recharge

Riparian

Vegetation : :
Floodplain
Aquifer " subsurface Aquifer

Stream flow
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