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Drought events in China is increasing

2006,drought in
Chongqging

2009,North
China drought

2008,drough in
Jiangxi and Hunan
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Drought is different and difficult

Drought differs from other natural hazards and is
difficult to deal with

e the absence of a precise and universally accepted
definition-----difficult to be defined

e jtis accumulate slowly----difficult to be monitored

e impacts are less obvious and spread over a larger
geographical area------ difficult to quantify the loss
and to relief the disasters
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~ How We Should Handle Drought

o ,é - ﬂ__“ _.: :' i ’.;'_‘.._:p 3
Beijing Normal L@\;ersity j \ i /[ % Ty, / 5
. r F ‘1
! " % j T L {"‘J - = Y o \-\ , - i



What is the most important for drought

e Monitoring
to find out where is drought
e Fvaluating its impacts (or ,loss)

to investigate what is the drought result in, eq.
agriculture, water resource

e Assessing the risk

to identify where is potentially dangerous area,
and where is most dangerous (risk)
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Risk Mapping
Hazard, Vulnerability and Risk

e Hazard, WDCC defined the hazard as a threatening event that would

make supply inadequate to meet demand.

e Vulnerability, characteristics of populations, activities, or the

environment that make them susceptible to the effects of drought.

e Risk, the potential adverse effects of drought as a product of both the

frequency and severity of the hazard and corresponding vulnerability.
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Agricultural Drought Risk

Hazard describes the physical characteristics of drought , and
can’t be prevented. Reducing the vulnerability is the way to
decrease drought risk.

Conceptual Model:
Risk= Hazards X Vulnerability

Based on the basic concept of natural hazard risk, the spatio-
temporal pattern of agricultural drought risk in China was
conducted on 10km*10km grid.
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MODELING-Assessment for Hazard

e Droughts hazard analysis revolves around an understanding
of the

— Frequency

— Intensity

— Duration, and
— spatial extent

of drought occurrences.

e The Standardized Precipitation Index (SPI) at the three-month
time scale is used to define the drought characteristics.
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MODELING-Assessment for Hazard

DHI = (MD, x MD, ) + (SD, xSD, ) + (VD, xVD, )

SPI Drought severity

weight

Percentage of occurrence of

Rating

0~-0. 99 Mild drought

-1.0~-1. 49 Moderate drought

High
Less high
Moderate

Low

-1.5~-1.99 Severe drought

High
Less high
Moderate

Low

/
N

Extreme drought

High
Less high
Moderate

Low
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Drought Hazard

Y
Normal

il 0 5
L ~-— -

/ 11 :
L@Iersity j \

it il R R — B | - ™ T - w =, A e T

>, o o — e o e . e R . 3 o~

i —g

B. He, J. Wu,, 2011, Drought hazard assessment and spatial
characters analysis in china, J. Chinese Geographical Sciences,
21(2):235-249




MODELING-Assessment for vulnerability

Drought vulnerability indicators

A holistic drought vulnerability index should take into account
the ecological, socio-economic and planting conditions.
Indicators could represent the vulnerability to agricultural
drought are

v’ climate, represented by seasonal crop water deficiency
v’ soil, represented by soil water holding capacity, and
v' irrigation, represented by irrigation availability

Model for agricultural drought vulnerability assessment

V =G(f(C), £(S), f(I))
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Vulnerability to Agricultural Drought

Climatic Factor

v

Soil Factor

v

Irrigation Factor

v

Crop Water Soil Available Support of
Deficiency Water Capacity Irrigation
{ \ |
Agricultural drought
Vulnerability class weight
vulnerability factor
<100mm 4
100-175mm 3
Soil AWC 175-250mm 2
>250mm 1
<0 2
0-30% 3
Seasonal crop water deficiency
30-60% 4
>60% 5
Available irrigation 1
Irrigation support
No irrigation 4
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Vulnerability to Agricultural Drought

J. Wy, B. He., 2011, Quantitative assessment and spatial characteristics analysis of
agrlcultural drought vulnerability in China, Nat. Hazards. 56: 785-801
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Mapping for agricultural risk in China

Risk = Hazard X Vulnerability

Hazard Vulnerability

Risk

B. He, J. Wu., 2011, Drought hazard assessment and
spatial characters analysis in china, J. Geographical

J. Wu, B. He., 2011, Quantitative assessment and
Sciences, 21(2):235-249

spatial characteristics analysis of agricultural
drought vulnerability in China, Nat. Hazards. 56: G-
785-801

T mefremalgesy (S I N off iy

Quantitative assessment and spatial characteristics analysis
of agricultural drought risk in China, Nat. Hazards (accepted)



Summery-Risk Mapping

e The research outcome generated map of drought risk to agricultural
in China

e The risk assessment could provide essential information to help
address the issue of drought risk and could also direct drought
management strategies for mitigation purposes.

e |dentifying regional vulnerabilities can lead to changing practices in
water-dependent sectors and can help decision makers to
incorporate droughts into resource planning for disaster mitigation.

e The outcome could be very helpful for the commercial insurance
company, which is interested in the agricultural natural disasters
insurance.

e Therrisk is relative in regional scale duo the weights measurements,
which could be improved in the further analysis

s
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Monitoring Drought by Remote Sensing

e NDVI or NDVI anomolies

e \/Cl Vegetation Condition Index

e TCI Temperature Condition Index

e VSWI Vegetation Supply Water Index

e TVDI Temperature-Vegetation Dryness Index
e NDDI, NDWI, ... ...
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A New Method-Integrated Surface Drought Index (ISDI)
Temperature
Soil
Vegetation
Drought |
Eco-region
Elevation
Landcover Irrigation
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Motivity of improving the method

Drought is a complex natural disaster but all traditional meteorological and
remote sensed drought indices used to describe drought have their own

weaknesses and shortcomings.

The drought intensity differences caused by vegetation type, temperature,
elevation, manmade irrigation, and other factors under the same water
condition must be considered.

Integrated drought index based on data mining provides a promising approach
to better characterize the spatial extent and intensity of drought.

ISDI can be established based on large numbers of variables because data
mining can handle a variety of data types.
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Drought in 2006

year«
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2006 was selected as a typical partially
dry year to compare the six MODIS
images-derived and meteorological-
measured drought indices.

Two comparative methods
—  spatial drought detecting characteristics

— Indices curve of 2006 was extracted using
9*9km window at the location of 11 agro-
meteorological stations for the purpose of
temporal trend comparison

the precipitation of 2006 was also
selected as the evaluation criteria.
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Drought investigated by field observation

e The south of Shanxi province and North China plain region were affected by varying degrees

of drought during April-June 2006.

3 Table - Field-drought obzervationz of Linfen. Taian and Xuchapne during - April-June- 2006
Station D)., StatiopMarms. Year. Month. DisastsrTuvps, Objact.- Intensity., Affactad -Arsa{). Parc =_t:|1tql.=.=_£.1‘|:I
53868, Linfan. . 2006, 4., Drought.  WinterWheat. DMMild. 150000 . 30-39%.. #
33868, Linfzn .. 2006, 3. Drought.  WinterWheat. Mild. 200000 40-4%9%., &
53868., Linfan. - 2006, 6. Drought.  Winter Wheat. Mild . 200000 . 40-49%0, &
54827, Taian.. 2006, 4., Drought.. All-Crops - Mild 150000 ., 10-19%.. o
34827. JTaian - 2006, 3. Drought.. All-Crops .- Mild . 150000, 10-19%..
37089, Mychane. 1006. 4. Drought.  Winter Wheat,  Llid. Unknowmn: Unknown:i
57089., Muchane. I006. 3. Drought.  Winter Wheat,  Mid. Unknown., Unknown.. 4

Swstam. .,

Fizld chsarvation dsta-are-derived -from Chins asro-metzorological disasters- tan-dav-datas et of - China Wistzorolo sical Diats- Sharing: Sgt':{-:ef

e Two typical periods (April 23th-May 8th and 9th May-24th may, 2006) of drought monitoring
results were selected to compare the spatial monitoring characteristic of drought indices.
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Data related in Drought
Neme- - & Type? Acronyme Source- 4 - o MODIS data indices
Palmer Drought-Severity Index+ Climzta+ PDEI# China Meteorological Data Sharing-Service Systems - — NDVI
Standardized-Precipitztion- Index+ Climzte+ SPI¥ China Meteorological Date- Sharimg-Servics System+ - —  LST
Land Processes Distributed- Active-Archive Center-(LP- -
Mommalized- Difference- ] e - VCl
Satellites WDVI# DAACH
Vegstztion Indexd - TCI
= LPDAACH &
_ -  PASG
Land-Surface Temperatures Satellit=d L3T+# LPDAACH SOSA
WVegstation Condition- Index+ Satellita VCI# LP-DAACH B e
Temperzture- Condition- Index+ Satellites TCI# LP-DAACH - Vswi
Vegstation Supply Water Indexe  Sarellites VEWIe LP-DAACY .« Meteorological indices
Start-of Sezson-Anomalyd Satellites” SOSA« LP-DAACH : —  PPA
Percent-of Averags Seazonal- ] : - SPI
- Satellites PARGS LP-DAACH
Gresnnezs+ _ PDSI
Elevat Bionhvsical - Environmental- & Ecological- Science Data Centerd . hvsical
gvation- + raical- + g+
S PR for West-Chinz National- Natural. Science Foundation- of China Biophysical Data
Ecological Begions- + Biophysical- + EcoFe # Chinz’s Eco_Geographical Region- Map+
e 16dayPPA,SPldataina
Land-Cover- ¢ Biophysica # NLCD-+  NASA Goddard SpaceFlight Center(MODIS Land Products)-
tabular form were
spatially interpolated
Sotl Avzilzble Water- Capacity- + Biophysical # AWC-# Intemztional Geesphera-Biosphere Programme, - IGEP+ . .
Into a raster image v
Irrigated Agriculture Region?  Biophysical @ TrAg ¢ Global Map-of Irrigated-Area (GIAM)® format by using spline
method of ArcMap.
¥,
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Fig.5 Comparison of MODIS- and meteorological-derived drought indices in the study area for
: the 113th day in 2006 (April 23-May 8)
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Fig.5 Comparison of MODIS- and meteorological-derived drought indices in the study area for
the 129th day in 2006 (May 9th-24t)
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"~ correlation and regression analysis among the drought indices

Correlation matrix among the integrals under the curves of MODIS- and meteorological-derived drought indices
as well as integral of relative air humidity curve and cumulative rainfall at the location of 11 agro-
meteorological stations for 2006

Relative air

Drought indices Precipitation e VSWI VCI TCI PASG PPA SPI
humidity
2006 (a dry year)
Precipitation 1
Relative air *
humidity 0.545 1
VSWI 0.620** 0.916*** 1
VCI -0.289 0.486 0.295 1
TCI 0.474 0.866*** 0.684** 0.520 1
PASG 0.132 0.829*** 0.672**  0.825***  (0.800*** 1
PPA 0.507 0.081 0.024 -0.540* 0.007 -0.187 1
SPI 0.255 -0.229 -0.372 -0.347 -0.133 -0.308 0.781*** 1
- Higher correlations are marked in bold. *** represent the significant values at the p<0.01.** represent the significant values at

the p<0.05. * represent the significant values at the p<0.1.
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"~ Cross plots of the integral under the indices for typical sites during 2006 © —
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Model construction results and intersect validation

VSWI. SOSA. SPI. elevation. Spring 0.3569 0.23 0.94

7 Landcover. AWC. GIAM. 8 Summer 0.7064 0.42 0.87
Eco_region, PDSI Autumn 0.4105 0.22 0.95

TCl. SOSA. SPI. elevation. Spring 0.5522 0.36 0.90

8 Landcover. AWC. GIAM. 8 Summer 0.7922 0.46 0.86
Eco_region, PDSI Autumn 0.4625 0.24 0.94

LST. SOSA. SPI. elevation. Spring 0.4467 0.29 0.92

9 Landcover. AWC. GIAM. 8 Summer 0.7257 0.43 0.87
Eco_region, PDSI Autumn 0.4078 0.21 0.95

NDVI. SOSA. SPI. elevation-. Spring 0.3613 0.24 0.94

10 Landcover. AWC. GIAM. 8 Summer 0.6376 0.37 0.89
Eco_region, PDSI Autumn 0.4291 0.22 0.94

PASG. TCl. SOSA. SPI. Spring 0.5399 0.35 0.89

11 elevation. Landcover. AWC. 9 Summer 0.7398 0.43 0.87
GIAM. Eco_region, PDSI Autumn 0.4524 0.24 0.94

VCl. TCI. SOSA. SPI. elevation. Spring 0.6209 0.41 0.88

12 Landcover. AWC. GIAM. 9 Summer 0.7976 0.47 0.86
Eco_region, PDSI Autumn 0.5579 0.29 0.92
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Relationship between the years of ISDI monitoring of the drought

= intensity and the result of the site observations .
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7 "Regional scale validation on ISDI model for'drought monitoring
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{ Table 4 Field observations of selected 6 agro-meteorological stations in study area for 2006
i Site name Longiude (* E) Latitude (* N) Drought occurrecce time (2006) i
- Linfen 11L5 36.06 April / -
Linfen 111.5 36.06 May to early June -
Xilinhot 116.12 4395 Early May to early September i
- Taian 117.15 366 Late April to carly May P
)./ 2 Taian 117.15 36.16 Late October to early November ]
. Taian 117.15 36.16 Mid-November to late November
May 25 Taian 117.15 36.16 December ! AUg. 29
Nuchang 113.85 34.01 Mid-April to early May
Shangzhou 109.96 33.80 In mid-June g
I/Hnoxian 115.77 33.87 Late April to mid-June
*J. Wu, L. Zhou., Generating an Integrated Surface i
Drought Index (ISDI) for drought monitoring in Mid-
. Eastern China, Agricultural and Forest
—

Meteorology(under review)
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Evaluating the impact on agriculture from drought

- o Drought-affected Area (%)
Huanghuaihai Plain is of more importance for

Chinese agriculture



(1)Experiments

e |ocation: Gucheng, Hebei
e Crop: winter wheat

e QObjective of the experiment:
— To obtain crop growth parameters under different water conditions

q N
Rainfed 200mm 300mm 400mm 500mm
0-3 200-3 300-3 400-3 500-3
01
0-2 200-2 300-2 400-2 500-2
0-1 200-1 300-1 400-1 500-1
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Data of Experiments

NO. Parameters method Observation times Samples
1 Canopy water content Dry Weight 4 300
2 Leaf water content Dry Weight 4 300
3 Soil moisture Dry Weight 4 60
4 Canopy spectrum ASD 4 600
5 Leaf spectrum ASD 4 300
6 Biomass 4 60
7 LAI LI-2000 1 15
8 Chlorophyll content SPAD-502 1 15
9 Crop Yield 1 15

Beijiny Normal Upiversit B { f\ N 4
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Evaluation of Crop yield decrease based on Crop
Growth Model

e Crop growth model integrates the major processes that occur in
the soil-crop-atmosphere-management system

e Simulate weather, hydrology, soil erosion by wind and water,
nutrient cycling, tillage, crop management and growth, and field-

scale costs and return

Well suitable for modeling agricultural drought

-
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Crop Growth Model

e Flow Chart of Modeling
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Sensitivity analysis for model

Through calibrating the parameters which are sensitive to the model
output can reduce the workload in estimating parameters.

B

HI

WA
BN2
RWPC1
DLP1
DLAI
DLP2
BP1
BP3
RDMX
GMHU
RWPC2
BN1
DMLA
BP2

RLAD .
BN3 B Global Sensitivity

. RBMD . L.
= HMX M First-order Sensitivity
WAVP

WCY

0.8

f ~— ] S’ 00 01 d2 03 04 B o06F 07 >, %
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model calibration

PARAMETER DESCRIPTION VALUE

WA Potential radiation use efficiency 34.8

HI Normal harvest index 0.45

DLAI Point in the growing season when leaf area begins to decline due to leaf senescence 0.45
DLP1 Crop parameter control leaf area growth of the crop under non-stress control 15.1
DLP2 Crop parameter control leaf area growth of the crop under non-stress control 48.0
DMLA Maximum potential LAI 6.5
RLAD Point in the growing season when leaf area begins to decline due to leaf senescence 1.0
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» Well suit for modeling agricultural drought

‘ Crop Grow Model }—

Crop Growth Model-Real-time Risk Model

Temperature

Wind

»

Water

Nutrient

Management
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Yield Reduction due to drought

e assess the reduction of crop yield caused by drought

Y

=AYield=Y -Y,

eduction

o Y s the yield under normal condition in growth season

e Y, is the yield suffered from drought events

22 1 —e—Yijeld — = Biomass

____': ____________ 2‘-1"“ _________

AYield

-50% -40% -30% -20% -10% 0% 10% 20% 30% 40%
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Real-time (Yield Decrease)Risk Model

e Well suit for modeling agricultural drought

Temperature

Wind

Water

Nutrient

Management
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Seasonal crop water deficiency

ET-P

SCWD =

SCWD : Seasonal crop water deficiency;
ET : Seasonal crop water use;

P : Precipitation during crop growing season.

ET = ET, e Kc

ET, : potential evapotranspiration ;
Kc : crop coefficient.
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