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Annual mean temperature (top) and precipitation
(bottom) during 1961-2009 in the Yellow River Basin
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Studies on Integrated Climatic and
Hydrologic Prediction Methods
In the Yellow Basin

*Analyses of Climate and hydrology changing trend
*Diagnosis and simulations of strong signals affecting
climate change

*Seasonal climate simulations and predictions
*Climate change simulations and projections
Climatic-hydrologic modeling
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Multi-Model&Downscaling Ensemble Prediction System
for Yellow River Basin

Downscalin Downscalin
g Method 2 g Method N

An system including model, MME,
Downscaling MME




Models and observation data

Model Predicted | Operational | Resolution Hindcast
Name Months Application Time
System 4 7 2011 1. 5%1.5 1981-2010
CES v2 9 2011 I*1 1982-2010
/t126 Gauss
MRI-CGCM 37 2009 2.5%2.5 1979-2008
CGCM v1 11 2005 2.5%2.5 1983-2003

Observation data: monthly 134 stations over Yellow River Basin




Downscaling and Ensemble Methods

» BP-CCA

» EOF-ITE

> Regress Ensemble of High Correlation Factors
> Optical Subset Regression

v Equal-weighted Average Ensemble
v Super-Ensemble



ACC

Skill of Model, MME and Downscaling MME
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Single Model is no
predicting skill
MME can’t improve
predicting ability

Downscaling MME looks
better

Super-ensemble is better
than Equal-Weight
Average ensemble



Prediction for precipitation anomaly Percent
over the Yellow River Basins for the 2013 summer
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It is predicted that there will be less precipitation over most
of the basins based on our Multi-Model&Downscaling
Ensemble Prediction Method.
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Seasonal Climatic & Hydrologic Modeling Diagram

For upstream

For the entire basin



Phase IV

Phase Il
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Phase |

Climate System Model (BCC_CSM)

2005-2009 BCC CSM1.1
SIS(1/3°~30km)
BCC_AGCM2.0(T42)
CLM3(T42)
2005-2008 BCC _CSM1.0 SO

CSIM(1/3° ~30km)

BCC_AGCM1.0(T63)
1995-2004 @ {NCC/LASG OGCM(T63)

)

BCC_AGCM3(T266)
BCC_AVIM1.0(T266)

2015- ... BCC_ESM
2011-2015 BCC_CSM2

MOMA4-L40v2(1/6°~15km)
SIS(1/6°~15km)

BCC_AGCM2.2(T106)

BCC_AVIM1.0(T106) |
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BCC_AGCM2.1(T42)
BCC_AVIM1.0(T42)
MOMA4-L40v1(1/3°~30km)

* CMIP5

e Climate
Prediction

- CMIP3 (ARA4)

* Operational Climate
prediction




WRF3.3.1

Horizontal Resolution :30km
Domain: East Asia including whole China

Terrain Height (m)
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4 groups of microphysics and cumulus schemes

microphysics

cumulus schemes

schemes
Testl Kain-Fritsch scheme | Morrison 2-moment scheme
Test2 Grell 3D ensemble Morrison 2-moment scheme
scheme
Test3 Kain-Fritsch scheme | Ferrier scheme
Test4 Grell 3D ensemble Ferrier scheme

scheme




DHSVM 3.0

Distributed hydrology-soil-vegetation
model (DHSVM)

1D vericalwaersaimce ~ * Physically based hydrologic
DHSVM Model Representation model that represents the
effects of
— Topography
— Soil
— Vegetation
* Solves the energy and water

balance at each grid cell at
each timestep

Surface/Subsurface Flow
Redistribution to/from
Neighboring Pixels



VIC ( Variable Infiltration Capacity)

Cefl Energy and Moisture Fluxes
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Schematic of the VIC-3L model with mosaic representation of vegetation coverage.
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Climate Change & Hydrology Modeling Diagram

For upstream

For the entire basin



RCMs nesting with GCMs

» MdR: RegCM3.0 nesting with MIROC3.2_hires
Domain: East Asia area
Horizontal Resolution: 25km
Period: 1981-2100
Scenario: IPCC SRES A1B

» EdR: RegCM4.0 nesting with ECHAMS5
Domain: CORDEX-East Asia area
Horizontal Resolution: 50km
Period: 1981-2100
Scenario:IPCC SRES A1B



RCMs nesting with GCMs

> HdR: RegCM4.0 nesting with HadCM3
Domain: CORDEX-East Asia area
Horizontal Resolution: 50km
Period: 1981-2100
Scenario: IPCC SRES Al1B

> BdR: RegCM4.0 nesting with BCC-CSM1.0
Domain: CORDEX-East Asia area
Horizontal Resolution: 50km
Period: 1981-2100
Scenario: RCP8.5, RCP4.5



Topography in Yellow River basin, RegCM, m

Downscaling
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Comparison of the modeling results with observations: T

(0) Annual mean temp,CNOS.l, 198]—2000, °C (b) Temp. diff., Ann4, BdR—CNOS.], ]98]—2000, °C
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Comparison of the modeling results with observations: P

(a) Annual mean pre, CN0O5.1, 1981-2000, mm (b) Pre. diff., Ann, BAR-CN05.1, 1981-2000, %
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Future T projections under RCP 4.5 scenario
(Representative Concentration Pathways, RCPs)

To middle of 2100 (a): increasel.2~2.1°C

To the end of 2100 (b): increasel.8~2.1°C

(a) Temp. change, Ann., BdR RCP4.5, 2040-2059, °C (a) Temp. change, Ann., BdR RCP4.5, 2080-2099, °C
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Future P projections under RCP 4.5 scenario
To middle of 2100 (a): increase 5%~25%
To the end of 2100 (b): increase10%~25%

(a) Pre.change, Ann, BdR RCP4.5, 2040-2059, % (a) Pre.change, Ann, BdR RCP4.5, 2080-2099, %
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Future T projections under RCP 8.5 scenario
To middle of 2100 (a): increase more than 1.8°C
To the end of 2100 (b): increase 3.9~5.1°C

(a) Temp. change, Ann., BdR RCP8.5, 2040-2059, °C (a) Temp. change., Ann., BdR RCP8.5, 2080-2099, °C
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Future P projections under RCP 8.5 scenario
To middle of 2100 (a): most areas =5%
some areas Increase 5%~25%

To the end of 2100 (b): most areas ==5%
some areas increase -5%~10%

(a) Pre.change, Ann, BdR RCP8.5, 2040-2059, % (a) Pre.change, Ann, BdR RCP8.5, 2080-2099, %
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Conclusions & Discussions

In order to enhance climatic and hydrologic prediction
and assessment ability in the Yellow River Basin, the
climatic and hydrologic modeling system was developed
based on a joint international research.

*Multi GCMs downscaling and ensemble prediction system
for the Yellow River Basin was established. In terms of the
modeling results, less precipitation will occur this summer
over the middle reach of the Yellow River Basin.

*The regional climate model WRF3.3.1 was nested with
BCC CSM ( T106, T266) for seasonal climate modeling,
and the downscaling results were used for driving the large
scale hydrologic mode VIC and watershed model DHSVM
for hydrologic modeling.



Conclusions & Discussions

*RegCM3 and RegCM4 were nested with 4 GCMs
(MIROC3.2, ECHAMS5, HadCM3 and BCC-CSM1.0 ) for
climate change modeling . According to comparison
between modeling results and observations, the BdR
approach (RegCM4 nested with BCC-CSM1.0) looks
better than others. Then the BdR was driven by RCP4.5
and RCP8.5 for climate change simulations. The modeling
results indicate that in future, temperature will continually
Increase, while precipitation in general will also increase,
but not as obvious as temperature.

*There are many uncertainties and challenges for climate
modeling and predictions. The modeling system should be
Improved through predictiing practices and broad
International collaborations.



Thank you very much
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