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e Big data in Climate & Earth System
Science perspectives

e Assessment of climate changes
over Tibet



Big data

elVolume:|big size
elVelocity}high speed of data availability &

e|Variety: |[different formats and forms

e|Veracity] data messiness/trustworthiness
elValue: | Data is only useful when we

turn i1t into value.
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Humanity’s period of grace — the last 10,000 years
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THE GREAT ACCELERATION

FARTII AVOTFRAE TNHNCANNDC

COCI0ZECONOMIC TRENDS.

. i : - : i . ] [
WORLD MR REAL GDP 1 FOREIGN CARBON DIOXIDE | : NITROUS OXIDE

POPULATION ' tsad -
: SRR INVESTMENT i

| ) " [ ' Py
0 . f ‘ 2%0 ‘ 600
SRR N W | O A SR N o

| £AR £AR YEAR ¢

YEAR » YEA YEAR { lL:
. ¥

PRIMARY FERTILZER | STRATOSPHERIC BL% SURFACE L OCEAN
ENERGY USE g CONSUMPTION v S OZONE JEENYE TEMPERATURE =R  ACIDIFICATION

URBAN
POPULATION

‘f" I‘f’
0 a 0 - 0 H :
RO R S RO S o

_ OO SRR
EAR Vi EAR YEAR i

YEAR

YEAR w/ YEAR &
+

LARGE DAMS

PAPER
PRODUCTION

MARINE FISH
CAPTURE

SHRIMP
AQUACULTURE

COASTAL
NITROGEN

0 4‘ ) g 0
e @ QS SO VSRS

YEAR s EAR

TRANSPORTATION INTERNATIONAL TROPICAL = IL)R:I‘IESTICMEB s RRESTRIAL

TELE-
COMMUNICATIONS = TOURISM ol = FOREST LOSS = p OSPHERE
E B / = ( EGRADATION

W
A,

0 i 0 0 .
RO R O : RO R ; N N
‘ " EAR

0 :
R O PSR SR RO\

YEAR YEAR H YEAR : YEA

REFERENCE: Steffen, W., W. Broadgate, L. Deutsch, 0. Gaffney and C. Ludwig (2015), The Trajectory of the Anthropocene: the Great Acceleration, Submitted to The Anthropocene Review.

MAP & DESIGN: Félix Pharand-Deschénes / Globaia




International global change research
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GCOS as the climate
observing component of GEOSS
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Global Framework for Climat services

Users
Government, private sector, research, agriculture, water, health,
construction, disaster reduction, environment,
tourism, transpotrt, etc
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ENVIRONMENT AND DEVELOPMENT

Earth System Science for Global
Sustainability: Grand Challenges

W.V.Reid," D. Chen,2L. Goldfarb,2H. Hackmann2 Y. T. Lee,2 K. Mokhele,* E. Ostrom,’
K. Raivio,? J. Rockstrom,® H. J. Schellnhuber,” A. Whyte?

12 NOVEMBER 2010 VOL 330 SCIENCE www.sciencemag.org
Publishedby AAAS

Earth System Visioning
led to Future Earth



A Call to Action

Ww ¢

for Global

Grand Challenges in



The climate reseach community responded
promptly to the call....

P AN EARTH-SYSTEM
PREDICTION INITIATIVE FOR
THE TWENTY-FIRST CENTURY

BY MELVYN SHAPIRO, JAGADISH SHUKLA, GILBERT BRUNET, CARLOS NOBRE, MICHEL BELAND,
RANDALL DoLE, KevIN TRENBERTH, RICHARD ANTHES, GHASSEM ASRAR, LEONARD BARRIE,
PHiLiPPE BouGEAULT, GUY BRASSEUR, DAVID BURRIDGE, ANTONIO BUSALACCHI, JiIM CAUGHEY,
DELANG CHEN, JOHN CHURCH, TAKESHI ENOMOTO, BRIAN HOSKINS, @DYSTEIN HOv, ARLENE LAING,
HervE Le TReEUT, JoCHEM MAROTZKE, GORDON MCBEAN, GERALD MEEHL, MARTIN MILLER, BRIAN MiLLs,
JOHN MITCHELL, MITCHELL MONCRIEFF, TETSUO NAKAZAWA, HARALDUR OLAFSSON, TiM PALMER,
DaviD PARsONS, DAVID ROGERS, ADRIAN SIMMONS, ALBERTO TRoccoLl, ZOLTAN TOTH,

Louis UcceLLiNI, CHRISTOPHER VELDEN, AND JOHN M. VWALLACE

An international interdisciplinary initiative to accelerate advances in knowledge, prediction,

f weather, dimate, and Earth system information.



Anomaly correlation of 500hPa height forecasts

Northern hemisphere ——— Southern hemisphere

Year

Fic. |. Evolution of forecast skill for the extratropical Northern and Southern
Hemispheres, January 1980-March 2010. Anomaly correlation coefficients of
3-,5-,7-, and 10-day ECMWF 500-mb height forecasts plotted as |2-month
running means. Shading shows differences in scores between hemispheres
at the forecast ranges indicated (adapted and extended from Simmons and
Hollingsworth 2002).
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10 major rivers in Asia are originated from the Tibet Plateau
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Potential policy-relevant tipping elements in the climate
system and overlain on global population density
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Assessment of past, present and future
environmental changes on the Tibetan Plateau

Participants & Duration: 80 authors, 24 reviewers, 2012-2015

Environment indices covered: Climate, water, ecosystem, anthropogenic
impact, disaster/risk

Future climate:

EaSt(I:IV"”enmumsd 1 CMIP5 models driven
ased on proxy data by RCPs emission

scenarios

Instrumental data

Recent decadesl
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Annual anomalies of temperature (a) and precipitation (b) over Tibet
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Scale for interannual surface temperature variation
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Elevation (m)

Elevation (m)
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Elevation

Elevation

Albedo b Cloud € Aerosols
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Increased vegetation activity
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The greening -> evapotranspirationf® & warming,
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Tair (°C)

Added value by downscaling with WRF
(30 km resolution), means for 1979-2011
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Added value by downscaling with
WRF (30 km resolution), means for 1979-2011
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Streamflow (m?/s)

Exceedance probability curve for the peak tlow at
the Nuxia in the upper Brahmaputra
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Intensity and frequency of extreme discharges would likely
increase in the upper Brahmaputra.



Take home messages

e Climate over Tibet has experienced significant
changes in the past, with warming and overall
wetting and stilling, along with distinctive
regional changes in precipitation and solar
radiation over the last decades.

e Big data framework and data assimilation
approaches hold great potential to fill the
observation gaps and provide more insights into
details of and processes behind the climate
change in this challenging and important region.
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