Climate Change, Urbanization, and the Indian
Monsoon Rainfall: Toward Informing Climate
Science, Adaptation Decisions, and Mitigation
Policies with Data-Guided Methods
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Challenge: translate climate model
derived insights to decision and policy tools

Knowledge Discovery &
Translation Process
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Step 3: Multi-Scale Assessment
Regional & Decadal / Extremes & Change
» Characterize uncertainty
* Develop assessments for climate

Step 1: Multi-Model Evaluation of Climate Extremes
« Compare extremes from models and observations
» Assess uncertainty

extremes

Step 2: Data-Guided Prediction and Uncertainty

Step 4: Demonstrable End-User Value

Example: .
« Can better-simulated variables (temperature) enhance £ Tl S OeRe o [ReRfinees Leves
. . . . C Regional Risk Analyses Natural Infrastructures
predictions and reduce high uncertainty in precipitation What-If? Scenarios Built Infrastructures
extremes? Climate-Energy Connection Human Health Impacts
I I -
| |
IPCC Global Models: Regional Models i _
- 20t century . 20t caentury Model Simulation Data
« 21stcentury [+ 21stcentury |

-



http://www.arm.gov/
http://images.google.com/imgres?imgurl=http://www.phy.duke.edu/research/photon/qoptics/funding/doe.gif&imgrefurl=http://www.phy.duke.edu/research/photon/qoptics/funding/index.html&usg=__2KvmWxZYHe_1hHw4RNBEWdheCec=&h=480&w=480&sz=110&hl=en&start=2&um=1&itbs=1&tbnid=eNwGoopXENjl8M:&tbnh=129&tbnw=129&prev=/images?q=DOE&um=1&hl=en&sa=N&tbs=isch:1
http://nasadaacs.eos.nasa.gov/index.html
http://images.google.com/imgres?imgurl=http://www.facingthefuture.org/Portals/0/Resources/NOAA.jpg&imgrefurl=http://www.facingthefuture.org/LinkClick.aspx?link=240&tabid=350&usg=__FvD4FmCfrOBjxujr0KLB1qAIF3o=&h=310&w=310&sz=13&hl=en&start=1&um=1&itbs=1&tbnid=UA95ssFRZ1yOsM:&tbnh=117&tbnw=117&prev=/images?q=NOAA+data&um=1&hl=en&sa=N&tbs=isch:1

Climate extremes: Science, impacts, policy

e Science
— Extremes characterizations

— Uncertainty assessments
— Enhanced predictions

hat

e Impacts
— Natural resources
— Hazards risks
— Regional preparedness

¥

e Policy Relevance
— Emissions policy
— Preparedness decisions
— National security concerns

Temperature and
Heat Waves
(Ganguly, 2009)
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Indian monsoon rainfall extremes:
dlsagreement over trends in literature
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Fig. 3. Temporal variation (1951 to 2000) in the
number (V) of (A) heawy (R > 100 mm/day, bold
line) and moderate (5 < R < 100 mm/day, thin
line) daily rain events and (B) very heavy events
(R = 150 mm/day) during the summer monsoon
season over Cl. The statistical significance of the
trends (dashed lines) was calculated as in Fig. 2.

Goswami et al. 2006: Science

Figure 3. Spatial distribution of 25, 75, 95 and 99 percentile rainfall.

Trend (day/year) in Number of Occurences (days) of Trend (day/year) in Number of Occurences (days) of
Moderate Rainfall Moderately High Rainfall
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Trend (day/year) in Number of Occurences (days) of Trend (day/year) in Number of Occurences (days) of
High Rainfall Extremely High Rainfall

Ghosh et al. 2009: Atmos. Sci. Let.

Contradictory results over
many parts of central India

Study 1



EVT - Increasing trends in spatiotemporal
variability

Trend of 30 Years Return Levels Trend of 100 Years Return Levels

Diversity in trends of return levels
«_ —mMmore positive than negative —
contradicts Goswami et al.
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EVT - Increasing trends in spatiotemporal
variability (2)
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Global climate model selection for
regional climate assessment

Recent studies imply overarching benefit of
equal-weighted climate model averaging

Ohserved Best fit tulti-model average Multi -model average without best fit
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Monsoon rainfall periodicity: degradation
of results with additional models

a‘} Change in SKill when Adding Next B&st Model - MAA

2 Convergence to a

z suboptimal hindcast
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Not as clear for maximum temperature

trends

Change in 5kill when Adding Next Best Model - TMax
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Process based evaluations of climate

models

Q: How do we know if a model gets it right “by chance”?

Rainfall - clearer
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Rainfall (AIMR)

periodicity: 67 years

AllIndia Monsoon (JJAS)
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AllIndia minimum
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Global warming

Matural climate variability
1. Teleconnection with Climate oscillators
2. Lowfrequency variability
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Anthropogenic global (non-climate) change
1. Urbanization/ Land use change
2. Non GHG emissions/ Aerosol
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Regional {Indiaj warming
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Increasing uncertainty

Model skills typically low
a) inthe tropics and
b} for finer resolution processes
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Going forward Study 1
Study 2

Policy and Science Implications

« Stakeholders may be better off preparing for increasing
variability (uncertainty) than increasing trends

« Regional drivers > “global warming” in some cases

« Definitions of extremes can make a difference

* Importance of physical process evaluation in climate
model selection

Challenges
« Spatial and temporal resolution differences - conflicting
results?

« Adaptation/mitigation in the face of increasing variability

« Importance of physical process evaluation in climate
model selection

* Regional prediction?



Thanks to....

Collaborators (these 2 studies

« Debasish Das (PhD Candidate in CS, Temple University,
study 1)

« Subimal Ghosh (Assistant Professor, CEE, IIT-Bombay,
studies 1 &2)

« Shih-Chieh Kao (Research Scientist, Environmental
Sciences Division, Oak Ridge National Lab, study 1)

« Evan Kodra (GRA, CEE, University of Tennessee, study 2)

PS: We’re moving!

« Auroop R. Ganguly = Assoc. Prof., CEE, Northeastern
University starting August 31, 2011,
auroop@alum.mit.edu

 Evan Kodra & Joshua Tolen = GRAs, CEE, Northeastern
University starting September 1, 2011,
kodra.e@husky.neu.edu, tolen.j@husky.neu.edu



mailto:kodra.e@husky.neu.edu
mailto:tolen.j@husky.neu.edu

