Drought Monitoring and Assessment

Z. (Bob) Su
Professor of Spatial Hydrology and Water Resources Management

ITC, University of Twente
The Netherlands
z.su@utwente.nl

www.itc.nl/wrs



UNIVERSITY OF TWENTE.



Learning Objectives

1. Understand basic ideas for estimating water availability
2. Familiarize with data products for deriving different
water availability terms

3. Understand the possibilities and limitations for
estimating water availability using different approaches

4. Familiarize with the applications
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DROUGHT INDICES (LOTS OF THEM)

e Percent of Normal (PN)

e Standard Precipitation Index (SPI)

e Palmer Drought Severity Index (PDSI)
e Crop Moisture Index (CMI)

e Surface Water Supply Index (SWSI)

e Reclamation Drought Index (RDI)

e Evapotranpiration Deficit Index (ETDI)

Eden, U. (2012) Drought assessment by evapotranspiration mapping
in Twente, the Netherlands. Enschede, University of Twente Faculty
of Geo-Information and Earth Observation (ITC), 2012.
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Water cycle and ity Link to- climate
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* Approach 1: Surface Energy Balance

- To derive relative evaporation & relative soil moisture in the
root zone from land surface energy balance

- To define a quantitative drought severity index (DST) for
large scale drought monitoring

- Approach 2: Soil Moisture Retrieval
- To determine surface soil moisture

- To assimilate surface SM into a hydrological model to derive
root zone soil moisture

- Approach 3: Total water budget
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R: Relative Plant Available Soil Water Content

DSI: Drought Severity Index
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* The relative evaporation is given as
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* The relative evaporation is given as
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The SEBS algorithm (Su, 2002; Jia et al., 2003)
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The surface-air potential temperature difference is given as
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Table 1 Input parameters for SEBS.

Parameters

Estimation from

Surface temperature (K)
Surface albedo (-)

NDVI (-)

Fractional vegetation cover (-)
PBL Depth (m)

PBL pressure (Pa)

PBL potential temperature (K)
PBL specific humidity (%)

PBL wind speed (m/s)

ATSR derivative
ATSR derivative
ATSR derivative
ATSR derivative
RACMO output
RACMO output
RACMO output
RACMO output
RACMO output
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Relative Soil Moisture (at10

cm depth)
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Relative evaporation vs relative soil moisture
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ESA Dragon programme
EU FP7 CEOP-AEGIS project

Su, Z., et al. 2011, Hydrol. Earth Syst. Sci.
UNIVERSITY OF TWENTE. www. hydrol-earth-syst-sci.net/15/2303/2011/
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Vol. soil moisture (5 cm) of Maqu stations and VUA-NASA AMSR-E
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Quantification of uncertainties in global products (Su, et al., 2011)

(Su et al., 2011, HESS)
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Vol. soil moisture Maqu (m3/m3)

Maqu SMST Network — validation results
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Vol. soil moisture Ngari (m3*/m?)

Ngari SMST Network — validation results

In-Situ + + +SMOS asc SMOS des GLDAS = ECMWF WACMOS/CC
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How can we use this information
for drought monitoring and
prediction?
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WACMOS.org

<= wacmos

support to science element

UNIVERSITY OF TWENTE.



Soil moisture of top layer Soil moisture of second layer
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Climate change impacts and adaptation in River Basins

wacmaos.org

UNIVERSITY OF TWENTE.
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Example of the Yellow River Basin (upper basin vs whole basin)

wacCmaos.org

UN WENTE.
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Example of the Yellow River Basin (upper basin vs whole basin)

(Anomaly)

GLDAS_TWSC2=P-ET-R

UN

WENTE.

wacmaos.org

TWSC3 = TRMM_PC — GLDAS_ETC — In-situ_ RC
(anomaly of total water storage change)

33




How shall we define droughts?

1 _51‘—#‘.‘9

— : 2os
flz,u, o) JV/EE
Prip— o <x<pu+ o)=06827
Prip — 20 <z < pu+ 20) =~ 0.9545
Prip —30c <z < pu+30)~=0.9973

Dark blue is less than one standard deviation from the mean. For the normal
distribution, this accounts for 68.27% of the set; while two standard
deviations from the mean (medium and dark blue) account for 95.45%; and
three standard deviations (light, medium, and dark blue) account for 99.73%.

(vikipedia)
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How shall we define droughts?

The probability that a normal deviate lies in
the range u—noand u + no is,

Flp+no)— F(p—no)=®(n)— ®(—n) =erf (%) _,
n F(u+no) - F(u - no) i.e.1 minus ... or1in...
1 0.682 689 492 137 | Valterange I feategory
u-10< F>u+lo Near normal

0.954 499 736 104 | y-206<F<=pu-10 Moderately dry

u-30 < F <= u-20 Severely dry

2
5 0990 s Exvemeydy
4

0999 936 657 516 | utlo<=F<ut+2o Moderately wet

u+3o<=F Extremely wet
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GLDAS derived Standardized total water storage index — drought situation

UN WENTE. 36



A Roadmap From Process Understanding To Adaptation

Describe

e Trends (change)

e Variability (natural cycle)
e Qutliers

Understand

e Attribution (variability vs. error) Detect

e Hot Spot
e Quality issue

* Consistency Process (e.g. Volcanic eruption, fire/aerosol)

* Feedback links (e.g. ENSO teleconnection)

e Qutside Envelope

Predict
* Impacts

Adapt
* Consequences

UNIVERSITY OF TWENTE.



Impacts and projections in water resources

Q1. What are observed
impacts to water
resources in Yangtze due
to climate and human
changes ?

. (%2: Will the changes in
the Yangtze River Basin
Influence the East Asian
monsoon patterns?

* Q3: What will be the
spatial/temporal
distribution of water
sediment) resources in

1st century ?

UNIVERSITY OF TWENTE.
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