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Climate And Hydrologic Cycle Connection
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Global Variations in Precipitation (1979-2005)
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» Little or no linear change during period [biggest change is +2% over ocean]

e Ocean and land precipitation tend to compensate

Adler et al. J. Hydromet.
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Observed changes: Heavy Precipitation

Facts from Observations

= From 1908-2002:

= Total annual precipitation across
the contiguous U.S. increased 7%

= Heavy daily Precipitation events

have increased by 20%

>

= Rainfall associated with warmer
climates are more due to extreme
events compared to colder climates
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Droughts In Historical Context

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Reconstruction of Proxy Records:

- From Tree Rings

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



2000-year Climate history of central U.S.

The US Breadbasket: The Mid-West Dust
Bowl
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Overall, the period from
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Practices in Factoring in
Climate and Extreme Hydrologic

Control, Store, Use & Deliver for
Multi-Purposes )
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Potential Hydrologic Scenario: Stationarity!
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Climate Predictions into the Future!

Some Results from Long Time-Scales to
Seasonal and Inter-Annual Time-Scales

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



If th

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

odels are correct, -

he Third Assessment Report of the Inter-

I govemnmental Panel on Climate Change
(IPCC) reported that the average of all the
participating models showed a general decrease in
rainfall in the subtropics during the 21st century,
although there was also considerable dis-
agreement among the models (/). Subtropical
drying accompanying rising CO, was also found
in the models participating in the second Coupled
Model Intercomparison Project (2). We examined
future subtropical drying by analyzing the time
history of precipitation in 19 climate models
participating in the Fourth Assessment Report

on
fer

3

(AR4) of the IPCC (3). The future climate
projections followed the AIB emissions scenario
(4), in which CO, emissions increase until about
2050 and decrease modestly thereafter, leading to
a CO, concentration of 720 parts per million in
2100. We also analyzed the simulations by these
models for the 1860-2000 period, in which the
models were forced by the known history of trace
gases and estimated changes in solar imadiance,
volcanic and anthropogenic aerosols, and land use
(with some variation among the models). These
simulations provided initial conditions for the
2| st-century climate projections. For each model,
A

A Dryer Future for Southwest US?

25 May 2007 | 510

precipitation minus the evaporation (P — E), aver-
aged over this region for the period common to all
of the models (1900-2098). The median, 25th,
and 75th percentiles of the model P — E dis-
tribution and the median of P and E are shown.
For cases in which there were multiple simula-
tions with a single model, data from these simula-
tions were averaged together before computing
the distribution. P — E equals the moisture con-
vergence by the atmospheric flow and (over land)
the amount of water that goes into runoff.

In the multimodel ensemble mean, there is a
transition to a sustained drier climate that begins in
the late 20th and early 21st centuries. In the
ensemble mean, both P and E decrease, but the
former decreases by a larger amount. P — E is
primarily reduced in winter, when P decreases and
E is unchanged or modestly increased, whereas in
summer, both P and E decrease. The annual mean
reduction in P for this region, calculated from rain
gauge data within the Global Historical Climatol-
ogy Network, was 0.09 mm/day between 1932 and
1939 (the Dust Bowl drought) and 0.13 mm/day
between 1948 and 1957 (the 1950s Southwest
drought). The ensemble median reduction in P that
drives the reduction in P — E reaches 0.1 mm/day in
mideentury, and one quarter of the models reach
this amount in the early part of the current century.

The annual mean P — E difference between
20-year periods in the 2lst century and the
1950-2000 climatology for the 19 models are
shown in Fig. 2. Almost all models have a drying
trend 4 7 ejjiiind i
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Observed changes: Drought

Drought activity during the 20th and early 215t Century

e U.S. droughts show
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Seasonal Drought Outlook for U.S.

@ U.S. Seasonal Drought Outlook

Drought Tendency During the Valid Period
Valid August 7, 2008 - October, 2008

Released August 7, 2008
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Drought Index
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Drought Index
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Drought Index
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Drought Index
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Clear Large-Scale Drought Since Late 90s
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1998-2003 Drought: Largest since 1936 in most of the region
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Climate model Predictions about the future? = globally

DJF Precipitation Changes
CM2 - Old model

CM3 - Updated model

Significant differences
In regional outcomes!
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Seasonal Climate Predictions: Global by IRI

IRI Multi-Model Probability Forecast for Precipitation
for August-September-October 2008, Issued July 2008
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Progression of Droughts
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Factoring In Resiliehcy In water resources systems
design and planning is still the safest approach!




May 2005 Drought Workshop - Iran
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1. Precipitation and Runoff rrenas 2. Hydrologic Variability

Potential Hydrologic Scenarios

(e.g. increase/decrease) (e.g. magnitude/severity/duration)
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Shorter Time scale: Extending the Forecast Lead time

With improved
QPF & hydrologic
Middel accuracy

River Discharge
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Temporal Scale Importance: Daily Precip. at 2 stations
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Recent Drought Episodes in the Middle East Region

Extremely Dry Very Wet
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Monthly water balance deficit propagation: Some Scenarios
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Wide-Range of Impacts on Infrastructure Design
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