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Remote sensing-based agricultural
early drought detection system for
Aral Sea Basin: development and
applications
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The Aral Sea Basin
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Central Asian drought highlights water
vulnerability

Climate Impact: A serious threat

? RadioFroeurope
Radioliberty

Ryskeldi Satke

July 12, 2021
A severe drought in Central Asia is causing mass livestock die-offs and shortages of water for
irrigation. In two provinces of Kazakhstan, more than 2,000 domesticated animals have died

due to lack of water and forage. In Kyrgyzstan, farmers have staged multiple protests in the
northern region of Chui because of a lack of water to irrigate their crops. The farmers say they
are on the verge of losing this season’s harvest if the authorities do not supply them with
water.

Distressing videos, such as this one sourced from the news portal Lada.kz, and used with their
permission, show the difficult state of livestock in the region.

o

Watch on 3 YouTube g':a
-

Similarly, water shortages in Uzbekistan have resulted in lost harvests and rising prices for

seasonal vegetables. The drought in Uzbekistan’s Samarkand region has disrupted the supply
of drinking water: lack of precipitation and the low water level of the Zarafshan River caused a
drop in the groundwater level. The Uzbek authorities have enforced water rationing in
Samarkand city, limiting public consumption to prevent a greater supply crisis.

In Turkmenistan, a regional weather website reported that this year’s drought in the southern

and southeastern districts of the Ahal region is already the worst extreme weather event in 13
years. This is causing low pasture yields and a reduction in fodder for livestock.

.. Central Asian Heat Wave And Drought
Creating Water Shortages, Crop Failures

https://www.preventionweb.net/news/cer ian-drought-highli t \erability
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German Initiative

Green Central Asia:
Transboundary
dialogue on climate,
environment and
security in Central Asia
and Afghanistan

The aim of ‘Green Central Asia’ is to develop a political dialogue and consequently

create better access to information and data in order to enable countries to assess
the impact of climate change more accurately and to dey operativ
preventive measures. The target group of the Initia con of the foreign

ministries (and, through them, the respective institutions responsible for climate

and environmental resources, including educational and research institutions) of
Kazakhstan, the Kyrgyz Republic, Tajikistan, Turkmenistan and Uzbekistan as well
as Afghanistan

< DISCOVER MORE >
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Drought and Impacts

Natural climate Anthropogenic Drought

variability climate change stages Indicators
Praeipila.tion d_oﬁci.an_cy ngh t?::npemtures, smhmg vltlnds, Ilou’:i relative E g':;i'?‘i'ﬁun S ]
S . > Both natural and human-induced factors
§ 3 emperatl.!re anoma ies . .
—_— — g e affect the climate behavior
Reduced infiltration, run-off, deep Increase evaporation ©
percolation and groundwater recharge and transpiration 2
S | o $ I - The result could be either increase in
® =H_ i H . . . .
5 l Soll water deiiency —— -E‘g%% ot sonsl [ temperature or a decrease in precipitation
. Plant water stress, 5 )
E I - . l'edue:d hiom;ss I::,s:,md =0 Vegetation stress (e.g. fAPAR) I
': e 8 E I
l g
_———————————————--------l

> Every drought type is measured/ quantified
in form of different indicator(s)

———————

Reduced stream-flow and inflow to reservoirs, lakes and
ponds, low groundwater levels, reduced wetlands

Low flows
Reservoir levels
Groundwater levels

Hydrological
dmuog?\t

l - Hydrological drought is the last to appear on
the time scale

Source: Wilhite et al. (2014), GAR Report (2021)
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Drought Management

— Vulnerability and impact assessment: who
is at risk and when?

Vulnerability Mitigation — Monitoring and early warning systems:

and Impact and which area is impacted and how?
Assessment Response

—> Mitigation and response: what to do, when
and who to target?

Source: WMO and GWP

10. Jahrestreffen des Arbeitskreises Fernerkundung der Deutschen Gesellschaft fiir Geographie (DGfG) 6



th=4#year=2022

System Index Resolution | Type of Open
used information | source
https://iridl.Ideo. | 3-month 1°x1° Global map No
columbia.edu/ma SPI and time
proom/Global/Dr series at
ought/Global/CP locations
C _GOB/Analysis.
html
https://gdis- SPI, SPEI, Various Static maps No
noaa.hub.arcgis.c ESI, Soil resolutions
om/pages/droug Moisture,
ht-monitoring CDI for
Europe
only
https://www.apc 1, 3,6 2.5°%2.5° | Static maps No
c21.org/ser/glob and 12
al.do?lang=en months
SPI
http://drought.en SPI, SSI Various Static maps No
g.uci.edu/ and MSDI | resolutions | (last map
available
February
2016)
https://spei.csic.e SPEI for 1 degree 1950 to Yes
s/map/maps.htm selected spatial date
[#months=1#mon regions resolution

SPI = Standardised Precipitation Index; SPEI = Standardised Precipitation-Evapotranspiration Index;
ESI = Evaporative Stress Index; CDI = Combined Drought Index; SSI = standardised Soil Moisture
Index, MSDI = Multivariate Standardised Drought Index
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Global Drought
Systems Available

& SPEI

regional/ global studies
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- Mainly covering meterological drought i.e. SPI

Very coarse resolution, mainly useful for

Information is not updated often

Not covering all regions of the world

Limited applicability for agricultural drought


https://iridl.ldeo.columbia.edu/maproom/Global/Drought/Global/CPC_GOB/Analysis.html
https://gdis-noaa.hub.arcgis.com/pages/drought-monitoring
https://www.apcc21.org/ser/global.do?lang=en

Remote Sensing Based Drought Monitoring

Index Name Symbol Calculation formula
Normalized Differential NDVI NIR — RED
Vegetation Index 8 NDVI =—

NIR+ RED
; : - 20. C : T _NDU
Vegetation Index =: V(I Vel - \TDI I —N J?I I‘I.:lli]l
NDVI .. —NDVI .
Integral Vegetation Index IVI 18
1= NDVI
i=1
Integral index of vegetation IVCI VI -IVI
conditions el =—— —
II.IIHHK o II II.III:I:I'I

Source: Meshcherskaya A.V. (1981), Kogan F.N. (1990)
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Agricultural Drought
Monitoring in CA

- Only crop phonological / biomass
response based indicators

> Not directly catering the fact of limited
water supply in the region

> Only supporting spatial variation of
drought situation at a time ignoring its
temporal variation
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Evaporative Stress Index (ESI) ~ Evaporative Normalized Difference Vegetation Index (NDVI)
Fraction (Supply side) (Responsesside)
— Plant response to drought conditions can be
ET, seen directly in term of NDVI values and vice
ESI = ET versa (i.e. Lower values than normal represent
0 stress conditions)
ET, = Actual ET (from SSEBI surface Energy NDVI = NIR — RED
Balance algorithm) ~ NIR + RED

ET, = Potential ET
NIR = Near infrared

RED = Visible Red
— ESI can represent the water shortage for siblene

agriculture from irrigation and/or precipitation

Data: MODIS Based NDVI & LST Data: MODIS NDVI (Aqua and Terra) @ 250m
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Conceptual Framework for Drought Monitor

a) Value 10day-ETact within [mean (10_year-ETact) — standdev (10_year-ETact), mean (10_year-ETact) + standdev (10_year-ETact)] =-1,0,1

b) Value 10day-ETact within [20% percentile (15_year-

Drought Early Warning -

[

ggregation Level:

5kmx5km
Province (
Oblast)

District (Rayon)
Country

Aral Sea Basin

Indicators:

~

/

ETact), 80% percentile (15_year-ETact)] =>-1,0,1

Legend
-1 = Drought signs

0 = normal development
+1 = excellent vegetation
development

Legend

-1 = Drought

0 = No drought
+1 = Excess Water
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Indicator 1

~— Median Value (2001-2019)
tandard Deviation

——— NDVI(2020)

—— 20% & 80% Quantile

Khiva/Urgench

T T T T
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Date
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Standard Deviation / \
n

—— EsI (2020)
——  20% 8 80% Quantile

ESI

- 4 Khiva/Urgench
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Date
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Representation of Key Drought Parameters

Duration

if duration < 1
if 1<= duration <=2
if 2< duration <=3
if duration > 3

Severity

If [sum(DSI)| => Severity Factor”

|sum(DSI)| < Severity Factor
lsum(DSI| =0

Drought Classification

oo\.oxm,uwm_‘I

*Severity factor f (Duration)

=> ,no drought”
= > ,initial drought”

= > ,mid-term drought
=> long-term drought

.. »Severe drought”
.. »Mild drought”

.. ,No drought”

Water surplus

No drought

Mild drought
Initial severe
Mid-term mild
Mid-term severe
Long-term mild
Long-term severe
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Long-term average

Threshold

Actual value

Cessation

D
=
(48] - o
o - : d
—— g LR N '
= % :
c E
Onset -l s -
Ty a Severity
Recession - .
» — — Intensity = -
Peak =« or termination period - ¥ = Duration
- Duration »
| l | l | ! ! l
T T 1 T T T T T
t t ts t,
Time

Frequency = No of drought events per time duration

Severity (Magnitude) = Related to the water deficit; computed as the sum of the
differences, in absolute values, between the drought indicator (DI) values and the
threshold used to define the level of dryness

Intensity = Severity divided by duration of the event

Duration = No of days, month, or time steps of the event
11



Plausibility analysis

—> The comparison was done between S-SEBI
and EEFLUX (i.e. Landsat) actual ET results

—> The results show that S-SEBI is overall
underestimating ET (i.e. See Bias)

— The frequency distribution chart shows
comparatively least scatter ability (i.e.
variation in values) in the case of S-SEBI

—> The data scattering is higher for Landsat
with more pixels showing higher ET

—> Possible explanations include different
algorithms, the different spatial resolution
of used data
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Spatial Intercomparison Frequency Distributions Scatterplots
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Plausibility analysis:
Inflow

—> The charts demonstrate
relationship of various drought
situations with river water
inflow in rayons of Uzbekistan
in annual resolution

- The effects of low/ higher
irrigation flow on drought
development can be seen

Years 2001, 2008 were dry and
year 2010 was a wet year.
Drought conditions can be well
represented through the

patterns
14
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Inflow — Temporal
comparison for selected
regions

* Three rayonsin
Uzbekistan
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SMI - Temporal
comparison for selected
regions

* Three rayonsin
Uzbekistan




29.08.2018
Spatio-temporal Representation of Results
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Drought bulletins through email subscriptions \‘g ECOLOGY

Drought information could be coupled with crop-specific critical
growth stages for optimum water management and yield
enhancement

Potential Applications
Areas that require urgent actions could be prioritized based on crop

and drought information

CLIMATE R\ | 4
] o,

ACTION

Various geographical and climate-driven variables could be coupled
with spatio-temporal drought information for hotspot area analyses

= =
@
THE GLOBAL GOALS

For Sustainable Development

Spatial planning of mitigation and response centers for socio-
environmental projects
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Consent Letters For Cooperation

MHHHCTEPCTBO KO,
TEQIOTHH W TPHPOLH
PECTIYBIHKN KAJAXCTAH

KYKbl
MEMAEKETTIK KOCIIOPHb

Mosriritc En sanrsuna, 1111 010000 1. Hyp-Cyaman,

010009, Hyp-C
o

Tex: B(7172) 79-8.
tpasc: 8071723 79-83 44, infometen.kx

15-1-01/2498

CF5970C64FBB493B

14.09.2022

MEHECTEPCTEO 3KOI0THH,
Te0.TOrHH B HPHPOIHLIX PECYPCOB
Pecoydmxu Kazaxcran

JemapTaMeHT 3K0TOTHIeCKOR
TOTATHKE
H YCTOMMHBOrO PasBETHA

Komms:: Tepaanckoe obmecrso no

MeKIYHAPOJHOMY COTPYAREIECTEY
(©l17)

Omeemna micuyo Ne 16670
om 12.092022 200a

PITI «KasraopoMeT» paccMOTpeB TNHCEMO [epumanckoro ofmecTsa mo

MEAT YV COTPY/IH v (GIZ) «3eneHas
LlenTpaTeEad A3uTy WOAT T CBOKO P T W TOTOB BeCcTH
JanpHeiimmee COTPYIENTeCTBO OO Pa3padoTKe EECTPYMEHTA. KOTOPEDT IIOCPEACTBOM
PaHHETo Ip oyzeT c Tpe. H CMATICHHIO

PHCKOE 33CYXH, 3 TAKAE AJANTAIIEH H PEArHPOBAHHK) HA 3aCYILTHBEIE CHTVAITHE.

Kponse TOTO. B IeNIAX KOOPIHHAITHH H PEATHIAITHH ITPOBOIHMBLX PAOOT. CBAAHHEX
€ pazpabOTKOH BHINIEYVKA3AHHOTO HHCTPYMeHTA F
PITI «Kasraapomer» z T TBeHEO:
yacTre 18-20 HIOMA T.T. B TEXHHMECKOM CEMHHApe, KOTOPLET COCTOANCA B I TANIKEHT,
V3OerucTan.

1.Cammesa Kamap Camabexoena - Beaymmit HEECHEP
VIpagmeHHs ATPOMETEOPONIOTHIECKOTO  IIPC ler
arp EeCKOT PHEErA H IIPC saliveva_k@ kz;
2.Kaparaii Masmyg ATaroHEICKEREI - Bemymmi HHEEHED
VIpaBIeHHA —KIHMATHIECKHX fi HayaHo-HC HEHTpa,

karatay_m(@meteo kz.

TeBepaTBHEIR JHPEKTOD J. AmavdaeBa

KbIPT'bI3 PECNIYBJIHKACBIHBIH
THIIKbI HIUTEP MUHHCTRIHTH

MINISTRY OF FOREIGN AFFAIRS

OF THE KYRGYZ REPUBLIC

xo_{8-01[3563

Keipraiz PecnyGanKachiHbIH ToimKs! Hrep

munuctpaurd Keipreiz Pecry bl T On

apanbik Keismarrauyy Koomyna (GIZ) e3 ypmatsin 6uiaupyy
menen Gupre, 2022-keuiasin 25-asrycrynuarel NeGCA-033
katka koon  Kkarapel “WHammwui  BopGopayk  Asua”
JAEMHITECHHHH ~ AJKArbiHAa KyPrakubUIbK  TOGOKeIMIHH
I/bIH ATyyra jKaHa KyMIIapTyyra, OIOHIOH 2/1e alibii ana
OHIIMPYY CHCTeMACh! apKbLTYY KYPrakdbUIBIK KbIp/laaniaphiHa
BIHraiIalyyra kaHa 4apajiap/ibl Kopyyre CajbiM KOIIO Typrai
MHCTPYMCHT ~ MIUTEN  YBITYY JKaaThiHJa MBIHAAH  aphl
KBI3MATTAllyyra KbiPrbi3 —Tapan KbI3BIKAAp IKCHAWIHH
Ounmper.

TFEPMAHMS 3J1 APAJIBIK KBIBMATTAILIYY
KOOMYHYH KbIPI'bI3 PECITYBJIMKACBIHIAT'BI
OKYJIUYJIYTYHO

Buuikex m.

KYMHUTAU XHD3U KOMMTET OXPAHBI
MYXHTH 3UCTH ﬁ OKPYXKAFOIIEA CPE/IbI
HA3/IM XYKYMATH Q TIPH TTIPABUTENILCTBE
YYMXYPUH TOYUKHUCTOH ;‘h ki "“ PECITYBJIMKU TAJDKUKUCTAH
i
ATEHTHH S 4 ATEHTCTBO 10
il TH/IPOMETEOPOJIOT M/

OBY§égomKHOCH
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Kymurau Xudau MyXuTH 3HCTH Ha31H
Xykymatu Yymxypun ToYHKHCTOH

Arentinn  00yxaBOmMHOCH MakTyOH Basopatm KOpPXOM XOpHYMH
Yymxypun Toyukmcron a3 19.08.2022, Ne6/16-2(22403) omn 6a ab3opu
myconaat 6a memrupuu xatapxon Ocuén Mapkasupo maspuam Gappaci
Kapop A0/

Arentit 6a caosixou caBonHoman ambuaATH OIMOH 0L 62 XaMKOPHH
Gainanmunani (GIZ)-po myppa 4aBob rapmomnaa, GapHoman a3 Tapadu
Houumroxn Maprun-/Tiorep Xoane Burrenbepr Taxus rapauaancroaapo
Gapou ucTH(OAA Tap caMTH GAXOIMXHH BAa3bH XYIIKCOH Ba MEITHKYHHH OH
J1ap KMIIBap MyXuM ap3ébi MeHaMosL.

Xam3amoH, AreHTi 60 Makcaiu Gexrap HamymaHu (abonMATH COXan
ArpoOMEeTeOPONIOr s XaBACMAH/IHH XYAPO YHXATH 14CTPAc Ba YOPUH GapHOMan
Ma3Kyppo HOPO3 MeHaMOSII.

3amuma gap xaymu 16 caxuda.

Bo sxrupom,
JIupexTop m&&% Kyp6onzoza A.X.
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Tex:+992901055540

MARTIN-LUTHER-UNIVERSITAT
HALLE-WITTENBERG

GEO
ECOLOGY




Literature cited MARTIAUTHER UNERSTAT
a GL\.
W ECOLOGY

Meshcherskaya A.V. Drought Index and Crop Productivity // Meteorology and Hydrology. - 1988. - No. 2. - P. 91-98

Amy McNally NASA/GSFC/HSL (2018), FLDAS Noah Land Surface Model L4 Global Monthly 0.1 x 0.1 degree (MERRA-2 and CHIRPS),
Greenbelt, MD, USA, Goddard Earth Sciences Data and Information Services Center (GES DISC), Accessed: [11.07.2022],
10.5067/5NHC22T9375G

Funk, C.C., Peterson, P.J., Landsfeld, M.F., Pedreros, D.H., Verdin, J.P., Rowland, J.D., Romero, B.E., Husak, G.J., Michaelsen, J.C., and Verdin,
A.P.,, 2014, A quasi-global precipitation time series for drought monitoring: U.S. Geological Survey Data Series 832, 4 p.

Kogan F.N. Remote sensing of weather impacts on vegetation in non-homogeneous areas // Int.Journal of Remote Sensing. — 1990. — Vol. 11.
—P. 1405-1419

Wan, Z., Hook, S., Hulley, G. (2021). MODIS/Terra Land Surface Temperature/Emissivity 8-Day L3 Global 1km SIN Grid V061 [Data set]. NASA
EOSDIS Land Processes DAAC. Accessed 2022-07-12 from https://doi.org/10.5067/MODIS/MOD11A2.061

Gaber, Ayman S. (2016): Ecological and Toxicological Studies on Certain Insect Pests Infesting Cotton Crop in Assiut Governorate. Online
available on

https://www.researchgate.net/publication/314280800 Ecological _and_Toxicological_Studies_on_Certain_Insect_Pests_Infesting Cotton Cr
op_in_Assiut_Governorate, Last access on 12.07.2022.

Khadka, Kamal; Earl, Hugh J.; Raizada, Manish N.; Navabi, Alireza (2020): A Physio-Morphological Trait-Based Approach for Breeding Drought
Tolerant Wheat. In: Frontiers in plant science 11, S. 715. DOI: 10.3389/fpls.2020.00715.

Liu, Zhandong; Qin, Anzhen; Zhao, Ben; Ata-Ul-Karim, Syed Tahir; Xiao, Junfu; Sun, Jingsheng et al. (2016): Yield Response of Spring Maize to
Inter-Row Subsoiling and Soil Water Deficit in Northern China. In: PloS one 11 (4), e0153809. DOI: 10.1371/journal.pone.0153809.

Yuzugullu, Onur; Marelli, Stefano; Erten, Esra; Sudret, Bruno; Hajnsek, Irena (2017): Determining Rice Growth Stage with X-Band SAR: A
Metamodel Based Inversion. In: Remote Sensing 9 (5), S. 460. DOI: 10.3390/rs9050460.

10. Jahrestreffen des Arbeitskreises Fernerkundung der Deutschen Gesellschaft fiir Geographie (DGfG) 21



https://doi.org/10.5067/MODIS/MOD11A2.061

Green Central Asia : GFZ
giz Q' — M RERSTAT =====
Helmholtz Centre HALLE-WITTENBERG K
PorTsbpAm

v

Enhancing environment, climate and water resilience

Remote sensing-based agricultural
early drought detection system for
Aral Sea Basin: development and
applications

Thank you very much for listening!
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