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Integrate UT’s expertise in geosciences, engineering,
technology, observations, and modeling;

Promote wide ranging national and international
collaborations;

Seek a deeper understanding of the physical, chemical,
biological, and human interactions that determine the
past, present, and future states of the Earth;

Place a strong emphasis on the societal impacts of
research in earth system science; and

Provide a fundamental basis for understanding the
world in which we live and seek sustainability.

http://www.geo.utexas.edu/ciess
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Water Sustainability and Climate

CIESS submitted an
NSE WSC proposal in U.S. Drought Monitor S#enzz "
October 2011. - |
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Proposal Title: | |
Water ARTS (
Adaptability,
RESER =]
Transformability, and
Sustainability ) in
Texas’ Water
Systems in the Face Lo ,
of Changing Climate, [=EEE-Nt

Land Use, and = e
Human Demands. .

PI: Yang

Co-PlIs: Maidment,
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Future Precipitation Projections in Texas
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heavy
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Unified Weather and Climate
Modeling and Seamless Prediction

1. Climate Mode?

!
N

arameterizations
physical + chemical) and
parameters

— Different land use and land
cover conditions

3. Integrated
Peter Cox and David Modeling and
Stephenson, Science, 2007 LOUEWAS
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& 2. Uncertainty

= Quantification

r=ia — Different initial conditions
o (global + reglonal)

304 — Different emission

s scenarios
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Bridging the Gaps and Bridging the Scales
]

Global Weather/Climate
R TR
Julia Slingo, Chief Scientist
United Kingdom Met Office
Regional Weather/Climate

model: 25 - 12km _ Regional Impacts Mode/
= =, Hydrology, Vegetation,

Topography

SR TR . PetNe

Local downscaling

model: 4 - Tkm Local Decision-Making:

e _ Land use, Water use,
Adaptive Responses

@ Crown copynighnt  Met Offic _



Dynamic Seasonal Hydrologic Forecasts

Step 1: Seasonal climate forecasts: precipitation,
temperature, radiation, winds, humidity; coarse spatial
resolution, O(100 km)

Step 2: Seasonal climate downscaling: precipitation,
temperature, radiation, winds, humidity; fine spatial
resolution, O(10-1 km)

Step 3: Seasonal land surface forecasts; soil
moisture, evapotranspiration, runoff, water table

Step 4: Seasonal river flow forecasts; river flow

Step 5: Seasonal reservoir forecasts; lake storage




Stepl: Seasonal Climate
Forecasts

Seasonal forecast: linking climate to weather for a seamless

prediction (WWRP+WCRP)

»Seasonal climate anomalies are predictable
if there are strong anomalies in the slowly
varying boundary conditions of SST and land
surface conditions.

» CGCM-based seasonal climate forecast
since  1990s (numerical models, data
assimilation, and computing resources).

» Operational seasonal forecast with CGCMs

(NCEP, ECMWF, UKMO).
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Yuan (2011); Shukla (2009)



Skill of the state-of-art seasonal climate forecast models

Month-1 Month-2
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Percentage of positive Ranked Probability Skill Score (RPSS) for global monthly surface air

temperature and precipitation anomaly Yuan et al., GRL, 2011



Step 2. Seasonal Climate

Dynamic Downscaling

Daily mean precipitation characteristics (JFM) Yuenandtiang 201

a) Number of Rainy Days b) Maximum Dry Spell Length c) Daily Rainfall 95th Percentile  d) Number of Rainy Days (Warm - Cold)
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Dynamic Downscaling with Bias
Correction Improves the PDFE of Daily

Maximum Temperature in Summer

Black:
WRF simulation driven
—— WRF_NNRP - by NNRP

WRF_CAM
— = \WRF_CAMbc_ave ' _ Green:

|7 R CAbes WRF simulation driven
by GCM output without
bias correction

Daily maximum temperature
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Blue:
With mean value bias
correction

Red:

With mean value and
variance bias
corrections

The PDF is computed over the central US region
(40°-50°N, 100°-85°W) at 60-km resolution Xu and Yang (2012)




Seasonal hydrologic forecast system and its uncertainty

Xing Yuan & Eric Wood, Princeton University
Seasonal Climate Forecasts

from Dynamical Climate Models .
o climate forecast models:

Major uncertainty is from

Observed

downscaling, ensemble?

; Bayesian
O : .
: Cllr::lf:nnlggy sy
i CFSv1
é For’-‘-in? Atmospheric : NCEP GFS (TBZ)
i WP oepocn | GFDL MOM3 (1/3-1°)
B 0SU LS
E Hydrologic , —— ]
tInitial VIC Ensemble :
:  Conditi ; Processor -
- T . S CRSv2

Lo : ! NCEP GFS (T126)
: Predicted | o -
o rorecagt | Hydrologic Sroduct GFDL MOM4 (0.25-0.5°)+Sea ice
Processor | e Generator ! NOAH LSM

Uncertainty from IC:

offline simulation, data

assimilation

Uncertainty from LSM:
parameter calibration

and regionalization

Upgrading hydrologic
forecast system




UT has world-class expertise
N

Understanding and modeling terrestrial

hydrological processes & global water cycle

= | and Model for Climate Prediction
» [ and Model for Weather Forecasts

Mapping geospatial datasets
Observing the global water cycle

High Performance Computing
* | onestar
= Ranger
= Stampede

THE UNIVERSITY OF TEXAS AT AUSTIN
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Noah-MP Land Model for Weather

Forecasts

e A new paradigm in land-surface
hydrological modeling

e In a broad sense,
o Multi-parameterization = Multi-physics = Multi-
hypothesis
e A modular & powerful framework for
o Diagnhosing differences
o Identifying structural errors
o Improving understanding
0 Enhancing data/model fusion and data assimilation

o Facilitating ensemble forecasts and uncertainty

quantification |
Niu et al. (2011); Yang et al. (2011)

THE UNIVERSITY OF TEXAS AT AUSTIN
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Collaborators: Yang, Niu (UT), Chen (NCAR), Ek & Mitchell (NCEP/NOAA), and others



Gravity Recovery and Climate Experiment

8+ years of mission
olaeratlon (Tapley et
2004)

First-time global data

of gravity (~100 km,
monthly to 10-day)

Unprecedented
accuracy of mass
variations

Allowing a better

(GRACE)

GRACE Mission

Science Goals
High resolution, mean & time
variable gravity field mapping
for Earth System Science
applications.

Mission Systems
Instruments

*KBR (JPL/SSL)
*ALL (ONERA

Cracatink

*SCA (DTU)
*GPS (JPL)
Satellite (JPL/DSS)
Launcher (DLR/Eurockot)
Operations (DLR/GSOC)
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80il moisture
terrestria BB

understanding of the water

global water cycle
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High Performance Computing
Petascale [O(101>)] Computing Architectures

» Massively parallel supercomputers (104-10> multi-core processors)

10 peta math operations per second (PFlops)
500,000 processors

Texas Advanced Computing Center, UT-Austin
Stampede

January 2013

579.4 trillion math operations per second (TFlops)

3936 nodes, 62976 core processors

Texas Advanced Computing Center, UT-Austin

Ranger 18
5/19/2011 _



Revolution in Modeling

Shuttleworth (2011)

The grid resolution of regional and global models has
reduced hugely, and will continue to do so

3.5 km cloud resolution
s - R WD)
A

wol Ry

Progression of Climate Models — Earth

Simulator

1990s

19 levels in 38 levels in
atmosphere atmosphere
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Summary

e CIESS was formed to integrate UT’s
expertise in earth system science for the
betterment of society.

e As high-resolution seasonal to decadal
climate and hydrologic forecasts are
emerging as a hew paradigm for
modeling and prediction research, CIESS
Is positioned to develop an integrated
atmosphere-land-surface-river network
modeling system, applicable to Texas for
water resource applications; see Cedric

David’s talk.
JACKSON
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