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ANNUAL PRECIPITATION OF THE
MOJAVE DESERT (1893-2000)
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" THREE TYPES OF WATER RESOURCES

ter basin transfers, particularly involving the

F . 11 are inter-related

« All are to at least some degree affected by
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Annual Peak Discharge (ft3/s)
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s ROUND-WATER USE IN ARIZONA
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nnlng and Duet (1990), updated Jey Mark Anderson unpubllshed data
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Transmlssmn of Climate Signals through

‘Nf

h Groundwater Systems

. Changes 1n flow from climate change could be seen rapidly in

e runoff, but timing of changes in groundwater systems
7 dependent on factors including

unsaturated zone

— Propagation of changes through the saturated zone to areas

of groundwater discharge




"ransmission of Climate Signals through
yundwater System— San Pedro model (2006)
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Simulated annual water budget for a ground-water-flow model — Values are in acre-feet per year

GROUND-WATER INFLOW GROUND-WATER OUTFLOW
. . Estimated 2002 20m Estimated 2002 m
AnalySIS ConSIderS Only range Estimates Projections range Estimates Projections
—Natural recharge 11,200-16,000 15,000 15,000 —San Pedro base flow 3,250-6,290 3,250 3,250
—Underflow from Mexico  3,000-3,400 3,000 3,000 —Net ground-water withdrawals 16,500 18,600
—Total 18.000 18.000 —Riparian and wetland 6,230-7,700 7,700 1,700
s aturate \} v O ‘N/ ' ' evapotranspiration
—Ground-water underflow at 300- 440 440 440

Tombstone streamflow-
gaging station

—Total 217,900 30,000
ANNUAL STORAGE CHANGE (no management measures)

—2002 Estimated -9,900
—2011 Pro jecled -12,000

e
-C‘ | S
." ks

. PR 2 S

Source SA Leake, USGS unpubhshed data

ZUSES e

science for a changing world



O 200 400 600 800 1000 1200 1400 1600
TIME SINCE CHANGE IN RECHARGE, IN YEARS

Transmission of Climate Signals through
Groundwater—San edro Results
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CHANGE IN
RIPARIAN
VEGETATION
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. WHY HAVE INCREASES OCCURRED?

'« Two 20™ century wet periods of increased winter rainfall
- and floods beneficial to woody riparian vegetation.

winter and nighttime temperatures have increased
owing season period.

VHY HAVE DECREASES OCCURRED?

Ex éessively pumped groundwater.

* Surface-water diversion and excessive groundwater use.
» Bank protection and excessive groundwater use.

e Reservorrs.
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WHAT DOES THE FUTURE HOLD?

Assuming that winter drought 1s prevalent in the
~ coming decades, groundwater recharge, particularly
alluvial aqulfers far from mountain fronts, appears
1 to decline but effects won’t be felt for
uries.
Native riparian species are likely to be decimated,
'partlcularly 1f groundwater use 1s excessive 1n
alluvial aquifers.

Non-native species may profit if summer floods
Increase.
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DESERT PLANTS

. Some have taken Vasek’s (1980) work on
Larrea clones to suggest that life Spans of

Bowers et al. (1995) document longevity for
common Mojave Desert perennials.

Current efforts use repeat photography and
permanent vegetation plots.
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4 “.' Y
~ Species Years Number

‘I

| Artemisia filicifolia 31 1
 Atriplex canescens 108 10
8 Atriplex confertifolia 108

Ceratoides lanata 105 4
Chrysothamnus nauseosus 104
Chrysothamnus viridiflorus 80 11
Coleogyne ramosissima 128

Ephedra torreyana 128

| Ephedra viridis 127

¥ &i-"‘. " Juniperus osteosperma 128

" / - Quercus turbinella 128
" Rhus aromatica 128

.'g
o

~ Sarcobatus vermiculatus 105

s

4 Shephem’ia rotundifolia
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MORTALITY AND RECRUITMENT RATES

MORTALITY RECRUITMENT

SPECIES (%/century) (%/century) % CHANGE
Larrea tridentata? 1 7 +5.9
Ambrosia dumosa’® 43 28 21.7

Ephedra sp.? 17 22 +6.8
Ephedra torreyana ! 14 17 +4 .4
Atriplex canescens? Q90 02 +38.9

Coleogyne 9 15 +9.6

ramosissima !

Yucca angustissima’ 55 58 +9.1 0
Lycium andersonii? 13 14 +1.1
Pleuraphis rigida? 32 25 -9.5

A daasRLom, Webb etal. (2004).
‘, 2 From Bowers et aI (1995)
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useful in showing the trajectory of long-term
changes.
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STRONG POSITIVE RESPONSE

Larrea Percent Change
tridentata. 1963-1975 1975-2002 1963-2002

. Cover 47 31 90
=32 plots) Biomass 57 66 156
| Percent Change
- Ephedr
s ] 'pd ks 1963-1975 1975-2002 1963-2002
| RS Cower 42 53 118
(n = 28 plots)  Blomass 70 84 219

Creosote bush and Mormon tea increased dramatically between 1963
~and 2002 with little mortality or recruitment. Few individuals of either
g.spemes dled In 1989. Most eX|st|ng Individuals increased In size.
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Plot 2 (1964)




Plot 2 (2000)




h LARGE, FLUCTUATING RESPONSE

Percent Change
~ Achnatherum 1963-1975 1975-2002 1963-2002
peC|osum Cover 528 -43 66
=10plots) Biomass 713 -6 191
Percent Change
‘0Sla aumosa 1963-1975 1975-2002 1963-2002
(n= 23 plots) Cover 37 133 246
Biomass 48 129 357

C3 perennial grasses increased in the wet winter years of the
1970s-80s, only to die off during the 1989 drought. Grasses
rebounded 1992 1995. Few grass clumps persisted 1963-2002.
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?ﬁIGH DROUGHT-RELATED MORTALITY

.~ Grayia spinosa Percent Change

1963-1975 1975-2002 1963-2002
0 plots)  Cover 56 T 73
Biomass 74 -75 -68
lex Percent Change
?{ fert'lfb'lia 1963-1975 1975-2002 1963-2002
Cover 39 -47 -32
(n=9plots)  Bjomass 08 -56 -23

- Spiny hopsage increased from 1963-1975 then decreased on every
- plot that it was present in 1963 and 1975. Shadscale is less common
- but also decrea
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" LONG-TERM (1963-2003) CHANGE IN
UNDISTURBED PERENNIAL VEGETATION
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SEVERE DROUGHT, 2002-2004

.+ Depending upon where you are in the
- -thwest drought has been severe in the early

E . Unlike 1989-1991, summer rainfall was
~ significant.

e “Not all drou hts are created equal.”
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. NET CHANGE, 2001-2005
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WHAT DOES THE FUTURE HOLD?

. Fluctuations in plant size for dominants (e.g., Larrea,
leogyne, Artemisia) 1s to be expected, but w1despread
tality 1s not.

- d summer rainfall could spur some species (e.g.,

changmg Vegetatlon distributions at the
- alhlance/association level.

Boom-bust cycles of desert plants, especially perennial
grasses, 1s to be expected 1n the future.
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