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Table. The mean frequency, numbers, and duration of FD events for different landcover types in
Korea from 2001 to 2020. The bold numbers indicate the largest value. and the underlined
numbers indicate the lowest value.
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Drought risk management

v’ Disaster Management Legacy:

“Droughts first described a slow-onset natural hazard referred to
as Creeping Phenomenon.”

Michael Hayes (Source: National Drought Mitigation Center)
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Why prepare for disasters?

Number

800 B Geophysical events

(Earthquake, tsunami,
volcanic activity)

Il Meteorological events
(Tropical storm,
extratropical storm
convective storm,
local storm)

B Hydrological events
(Flood, mass movement)

[@ Climatological events
(Extreme temperature,
drought, forest fire)

Accounted events have caused at least
iuced nomalized

1m, or 3m
r~ ed World Bank

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 income group of the affected country)

Dry and hot in southern / mediterranean Europe in 2017 year.

Overall drought losses: USS 3.8 BN
Drought frequency in the Mediterranean is already increasing.

Increasing loss events globally from 1980-2015 by type of event.

Loss Events Worldwide 1980-2015 (Miinchener Riickversicherungs, 2016)

Why prepare for disasters?

Events

Floods
Tornadoes
Fires
Winter-related

Total

v 71200 oISt RN £A42 240 H|aH 28 0|40|0{, 19804 0|5 7122 WMHITE
HA| s Bl S 12%0 SiSoHAI2E 21 DisHAUS FH| xH5H TioHY 19% S XiX[otL %

Billion Dollar Disasters, National Climatic Data Center, 1980-2014 (National Drought Mitigation Center)
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Why prepare for disasters?
v’ Disaster Management Legacy: Gilbert F. White (1945)

“Floods are ‘Acts of God’, but flood losses are largely ‘Acts of Man’.”

The Wniversity of Chicago

HUMAN ADJUSTMENT TO FLOODS

A GEOGRAPHICAL APPROACH TO THE
FLOOD PROBLEM IN THE
UNITED STATES

JILBERT FOWLER WHITE

FLOOD PLAIN STUDIES FiiE

CHICAGO, ILLINOIS
1945

Michael Hayes (Source: National Drought Mitigation Center)

GENERAL CROP CONDITIONS
U S.CROP REPORT. AUG. 10.1934%

Imzsx
: "'J

1 | | '|
IO STLY BE'L.OW

AV F_RAG iRt

N A
\ N/ CROPS VERY POOR
ERY L%‘:;L %

u.s DEPARTMENT OF
AGRICULTURE
AUREAU OP.AGRICULTURAL ECONOMICS

=00 = ‘s chart, prepared. by the United States Department of
Fi Thl:‘;;:: c%‘: ntfau in the different parts of the United Sum

Brian Fuchs (source: National Drought Mitigation Center)
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Emergency Drought Impact Areas 1977
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Michael Hayes (source: National Drought Mitigation Center)

Oj=2| 7t Ed * 7t= 2HEF

v" Drought Management Legacy:

should r . by developing and
implementing strategies and plans that reduce associated impacts.”

Und ling the Drought Ph
The Role of Definitions*

by Dol A Wilhiir

Michael Hayes (Source: National Drought Mitigation Center)
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Drought Management Legacy:

“Establishment of a regional/national ¢

10IC Technical Report Series 941
Proceedings of the Conference

Drought Management in a Changing West:
New Directions for Water Policy

Palmer Drought Saverity Indus.
oo 3, 1954

Fdited by

Donald A Wilhite
Deborah A. Wood

Michael Hayes (Source: National Drought Mitigation Center)

Why prepare for disasters?

v" Drought Management Legacy: [

“The Hydro-lllogical Cycle”

Most droughts are
responded to

Seen as a crisis

THE
HYDRO-ILLOGICAL - When rain returns, the

ﬂl impacts of drought are

the opportunity for
change lost

DROUGHT

A Framework for Disaster Management (Source: National Drought Mitigation Center)
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Why prepare for disasters?

v The Cycle of Disaster Management
We I\ Tadopta N , igm for drought management (pon withite)

risk manageme How to monitor for drought?

. Meonitoring and
""_ Early Warning - . :
< 2 - 2 7120] WAE TOIC AICHS
: : HO=7180| ZIME £ 2188+ O
Protection o > Hoj| 2=

\ Recovery
gl Assessment PPV E-TR IR
N JI20HE B3 HT

Mitigation

-8
_Recovery L Response L _
SHE A0 2

crisis management

The Cycle of Disaster Management (Source: National Drought Mitigation Center)

0j=t9| 7= &2 2 7= ELEE
v 0|2 27 EUME (National Drought Mitigation Center, |

v 19954 H|=EetAT} g 42 (Donald Wilhite)
v Ol= MY tigt &

v" http://drought.unl.edu/

Decision Support Tools

U.S. Drought Monitor Drought Impact Reporter VegDRI Drought Risk Atlas

U.S. Drought Monitor ety 4. Drought Impact Reporter
K] i e sgiont 3814 - Someery F0K7

»

(Source: http://drought.unl.edu/)
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—  NDMC 25-Year Timeline —

This year, the National Drought Mitigation Center celebrates its 25th anniversary. A gatheri
of the coronavirus. At that event, the NDMC planned to unveil a th'nelma lhal snm

institution that partners vmh universities across
drought’s de

of the
work at

maments in NDI
NOMC to better prepare mnuhtm for drought.

:vnl ion of

federal agencies from NOAA to the U:
ment and Mﬁmpm forits aﬁamsm\‘(?ﬂ_ B ﬁglrﬁnﬂ ﬂle umetlna as s00n as it s?aefrn': 10 m?“
the cut. In

hedule a gathering. In th

In August, the NOME, USDA and NOAA - two of
NOMC's mamr suppaners to this day - launch the
first LS. Drought Monitor map. The map that tefls
the current stary of drought in the U.S, and, now, ll

The NOMC and the LS. Department
of Agriculture's Risk Management Agencﬁé
announce 3 majaf new parfner ship in 20
drought management Lnnls

develop a suite of
|mludrnﬁ the Vegetation Drougit Response Index

The NOMG enters into 2 funding agwamem
with NOAX's National Inte
Information System (NID!
that continues to this day.

In October, the NOME launches an updated

rated Drou
)8 cnllahuratlun

initially scheduled to take place in June was postponed in an effort to fimit the spread
Center fram a small sho I:hnt had one guaranteed year of funding to an
NASA and llmnd ln an effort to better track
2 sneak preview of some
staff members opened the NDMC's doors. In 1995, six staff mumhels opened the NDMBsénnrs Now, 22 people

In March,
actiities, by

NOMC releases its inaugural anmual

report, highli Fhlmgnut only the: center’s 2016

also 11 afforts over 115 firs| 20

years. The numbers — 188 workshops,

2019

events, 24 projects, over 5,000 media 'contacts
Fils tertii i s iakt Eg A1), the Vegstation Outlook [VegOUT]), the Dmughl\nmact Reporter, which provides a 7 i
I e e ks .as\fr. gyt . D rﬁﬂi }jngn Draught Impact Reporter, 200198 el orgater cange of information onimpacts. ;r:gv]nﬂ peer-revievied artcles — have only
along with associated data.
1995 2000 2008 2012
ey == ~ ; 7 \
(®—®) A AN I~ ) AN AN /@
/
1999 2005 20m 2017
Bullding on two dEcanes uf drought The NDMC hosts the first The NOME hosts NDAA's Climate Diagnostic
research, I, Donald &, Wilh e annual Drought Monitor Forum Workshop in Lineoln and, in collaboration with The worst S, drought inthe 254ear T Tha IJSD;;: Tl:lnr%l{\s lalugnhad‘
establishes the National Dmu it megting i Lincoln, NIDIS, 2 major Drought Early Warning workshop in istory of the NOMC takes hold in the ||';$R’%f t;: \r[naala e mffl']'g%’s

Mmgatmn Center at the Umverslty of
Nebraska-Lincoln, Six members are on
staff when it opens.

Kansas City, NDMC Teaders and team members have
hosted an pamclpaled in scores of workshops held
in the center s hometown and around the glabe
during its 25-year existence.

country s midsection durrmg the SUMMET.
NDMC staff fields over a thousand phang
calls and other requests from reglonal,

national and intermational mecia seeking

context about the drought.

DROUGHTSCAPE Summer | 2020

2021

By the Numbers
PARTNERS

4

NTINENTS

ACADEMIT

ACTIVE
24

PROJE

$7'2 STUDENTS

through tet, videos an mmges. Like
many NOMG pr cﬁecls past, present and
future, it s a coliaborative gartnemtnp
The tutorlal, created by NI

and tha NDMG, can be found here:

i/ usdmtutorialf

Summer | 2020

DROVGHTSCAPE

ught.unl.edu/)
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NEWS

4008 $1.15
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(Source:
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US. WorthAmerics Global | SearcRmiDIS. ]
HATIONAL EuentSeapch  Document Sesrch  Data Seaich

- IIII]IS Drought gov

INFORBIRTION "“=‘-'
SYSTEM &

A Home Data, Maps & Tools Regions Reses = What is NIDIS? FAQs Calendar Contact Us

Where is drought this week?

B O e Outlook

1L Drought Monitar LS. Seasonal Drought Drought Repart Wildfire Risks HIDIS in Your Region

As of Feb. 8-14, 2017, drought {D1-D4) is impacting:

(Source: Nam et al., 2014)

0|=2| 7}F &zl & 78 2HEE

v FISEIEEEAIAH (

HATIONAL SventSearch Dooument Semch  Data Sasec

wiass |1 Drought.gov U2 NiDis NIDIS Drought.gov

INFORMATION
SYSTEM & : U.5. Drought Portal National integrated Drought informatian System

A Home  DatsMapisTosk  Rege ch WhstENING?  TAQS  Calendar  Contactls
Bylocation - Researchandlearn ~  About v

Current Conditiarn utlocks & Forcearts  bmipact ® Vegstatioo e Temperaturs & Precipiation  Agneulture
Frotir Supply  Polenlimitie Dals  Sofwire  Toeils

FEATURED NEWS AND ARTICLES'

) R 5 y AN F - 2020 Pacific Northwest Water
Soil Moisture i FR e Year Impacts Assessment

WIS aredits partners support efforts tn develop 3 national soil moisture menitoring netwo ¥
2013 repart. “Developing a Coordinated National Soil Moisture Network. it L — Welcome to the New

CRNJSCAN S01L MOISTURE MAP CROP MOISTURE INDEX TOPSOIL MOISTURE I {4 velapii 2 f flash drought, and to Dl’OUght,EOVE
. N MONITORING B id & garly warning, Read the e

3 : 3 w " b Ecological Drought Webinar
. - 3 Series

How ix drought affecting your neighborhoad?

[(Click for actual eonditinns)

ABOUT
EXPERIMENTAL SURFACE WATER  SDIL CLIMATE ANALYSIS

What Is NIDIS?
MONITOR FORTHE NETWORK (SCAN)

CONTINENTAL LS - The National Oceanic and Atmospheric Administration’s (NOAA's) National
e ‘ Integrated Drought Information System (NIDIS) program was authorized by
Congress in 2006 (Public Law 109-430) and reauthorized in 2014 and 2019
with an interagency mandate to cocrdinate and integrate drought research,
building upon existing federal, tribal, state, and local partnerships in support
of creating a national drought early warning information system.

A=) Interactive US. map of snow
conditins, preciprtation, cireamilew
and reservoirstorsge, [Click for
sctual conditions

(Source: https://www.drought.gov/)
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Areas depicted on map aré"denved
by consolidating information from a number of

,sources based on surface observations and satellite products.
Drought” is used to mean abnormal moisture shoriag ’

resulting in imminent or actual damage to «

reas are shown; local conditions may differ ma
se shown on the map.

USDM2]| 7I= {& X &=

v U.S. Drought Monitor Map

, NOAA (CPC, NCDC, WRCC), USDA, and the NDMC in an EQUAL

partnershlp have produced a weekly composite drought map *
ought Monitor” with input from numerous federal and non-federal

agencies.

August 3, 1999 U.S. Drought Monitor August 25, 2015
D (Relsazed Thorsday, dug. 27, 7013

Expenmental U.S. Drought Monitor 7 i

D2 nydre

Dy’ s i hodigen ledlip D) - Decsaght Vées e Ares (abinamvel e oy
ek drought stz ooy Atirea
NCAVNWINCES R
Siad [01-D) = Curent araught rnging in ssverty
ftom siandand D] o serere DE-00) {5 extrzme D)

Cacai cAdIora ey vary.
Gromsheichima () - Overlaosing droushl voe asas e

S

L i
k: - .w\_ ., = ~ “ ' —~
e | T unl.adu/

Mark Svoboda (source: National Drought Mitigation Center)

s ety
Mirs (-] = Foresast todirinish
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v U.S. Drought Monitor Map

= 11 current authors, 2 legacy authors

* Western Region Climate Center on board 2008

(Refeased Thursday, Aug, 10, 2017)
Valid 8 a.m. EDT

* Incorporate relevant U.S. Drought Monitor QAugyat &, 2017
information and products A

from all entities (and

levels of government)

dealing with drought

Drought Impact Types
r~ Dalneates dominant Impacts

(federal/state agencies,

etc'} Author
Deborah Balhke
Mational Drought Mitigation Center

&)

http:f,'drou.ghtrnunllor.unl.eduf

Mark Svoboda (source: National Drought Mitigation Center)

USDM2] 7I= & x|

v U.S. Drought Monitor Map

U.S. Drought Monitor A t 8, 2017 i
SOchEfﬂ Plains w“‘ﬁ‘fw“w At US -?VD&"Q"T‘ M? gr rREF::dg ;usr:d‘iz Liozl?:nm
e am 0t Upper Mississippi Watershed a8 8 €01

hitp JMdroughtmonitorunl.edul

U.S. Drought Menitor August 22, 2017 Greatu.::éz;hw:;:;shed . d S0 By Megior August 23, 3017
5. , 2 = L ’ v s o 6 271
NWS Central Region e . USDA Midwest Climate Hub i

ol

m Mark Svoboda (source: National Drought Mitigation Center)

p s otk S0l
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v U.S. Drought Monitor Map

Dr. Mark Svoboda
Direct

Education Coordinator

Brian Fuchs | Dr. Deborah Bathke

Monitaring Coordinator
402-477-6775

bfuchs2@unl.odu

Requirement: Authors must work at a regional or national
“center”, government or academia/research
There are currently 11* authors, and all are volunteers

Brian Fuchs (source: National Drought Mitigation Center)

USDMZ2| 7}& I X

v U.S. Drought Monitor Map

nd of September 2002

Indices:
SPI/PDSI

Soil
Moisture

Expert
Local Input

USDM Listserve Subscrb’
inh o Secsarrhar 4. 2094)

Remote
Sensing

Mark Svoboda (source: National Drought Mitigation Center)
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Authors now use roughly
40-50 unique indicators while creating the U.S. Drought Monitor
map, but not all areas are represented equally by all pieces of data.

Palmer Drought Index Crop Moisture Index
SPI Sat. Veg. Health Index

KBDI VegDRI/ES|/etc.
Modeled Soil Moisture (NLDAS) . -
Soil Moisture

7-Day Avg. Streamflow

Precipitation Anomalies Mesonets

In The State/Regional
SWSI

Reservoir levels

Snowpack (SNOTEL)

Streamflow Mark Svoboda (source: National Drought Mitigation Center)

USDM2| 7= #ld K|
v U.S. Drought Monitor Map

USDM Listserve Subscribers
(as of August 30, 2017)

. 1-5 participants

D 6-10 participants

of 8/11/2017 !

. 11+ participants

Total: 414 (does not in Biagnt from Canada
and 2 participants from Brazil)

Brian Fuchs (source: National Drought Mitigation Center)
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v U.S. Drought Monitor Map

April
Sun Mon Tue Wed Thu Fri Sat

By 6 pm EST on Wed., all the files are compressed and sent to several differ | 6
ent groups, most importantly the Drought Mitigation Center, who then conf
irms receipt before the author is free to go

‘f Ty TY ATY L B | Y 4 9
On Thursday, at 8:30 am, ET, the USDM Map and Narrative are rele
ased on the NDMC website
- Final Final 10 2N
1 4 1 5 1 6 1 f Map [;iles L_u'._S._Droughl Monitor hgf_‘::i;'fg?::m
@ ‘ Draft 2 ‘ ‘ Draft 3 ‘ al T

23

Mark Svoboda (source: National Drought Mitigation Center)

USDME| 7= {d X
v" Regional and Local Feedback/Input Process

Annual User Feedback Forums (USDM/NADM) since 2000
Various webinars/telecons/reports/data/products

Regional Climate Centers and NOAA Regional Climate Service Directors and Coordinators al
ong w/ Weather Forecast Offices (WFOs)

State Climatologists

USDA FSA/NRCS

Native American Tribal input
CoCoRaHS (impacts)

National Integrated Drought Information System (NIDIS) Pilot RDEWS basin webinars:
UCRB (Upper Colorado River Basin)
ACF (Apalachicola-Chattahoochee-Flint)
Southern Plains
MORB (Missouri River Basin)
California/Nevada
Pacific Northwest/Midwest (both coming online)

Drought Task Forces: North Carolina, Hawaii, Oklahoma, Texas, New Mexico, Alabama, Flori
da, South Dakota, Kentucky, Arizona, Montana, and California

Mark Svoboda (source: National Drought Mitigation Center)
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v" Regional and Local Feedback/Input Process

v (e e ————

U.S. DROUGHT MONITOR

B g

Drought -laceoro-m. 2 (0
Drougnt - Extreme 2
Drought - Severe 5
Drought - Moderate
Abnormally Dry

Above is the most receat fthe US Dsought Moairor mup for the UCRE region
Below shows the proposed ges for thus week with supportiag text

Summary for March 31, 2015:

Onoe again, another dry and warm week over the UCRB has dropped
snowpack numbers, precipriation percentiles and mereased streamflows
on. Even thongh short term SPI's 1n the basin don't show
severe dryness, the low SNOTEL perceatiles. low snowpack
mperatures &re having an impact m the high country. The
longer term SPI's show more dryness as well

arm femperatures
sted i the UCRB

Mark Svoboda (source: National Drought Mitigation Center)

USDMZ2| 7}& I X

v" Regional and Local Feedback/Input Process

South Florida - Here there are differing opinions on whether or not to introduce DO
to Collier and Monroe counties. While these areas, especially coastal Collier County, h

ave been dry in the short term, the wet season was very good and hydrologic systems are
in good shape.

I'm a little concerned that the eastern sections of the Appomattox Basin in Virginia have s
lipped out of D1. Precip departures, especially over 90 days, are not horrible, but there is
still a deficit. And with streamflows running quite low, groundwater running low, and a d
rought watch in effect, | think that the D1 should be expanded eastward to include
all of Buckingham, all of Campbell, Cumberland, southwest Powhatan, and Amel
ia Counties.

Mark Svoboda (source: National Drought Mitigation Center)
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U.S. Drought Monitor (USDM)

November 22, 2022

Ul s' Drought Monitor (Released Wednesday, Nov. 23, 2022)

i

Valid 7 a.m. EST

Drought Impact Types:

r~ Delineates dominant impacts

8 = Shord-Term. lypically less than
6 months (e.g. agriculture, grassiands)

L = Long-Tarm, typically greater than
6 months (e g. hydrology, ecology)

Infensity:
|| None
[] DO Abnormally Dry

~ ¥ Decision makers want ONE map, not multiple maps.

PHEY B D4 Exceptional Dy
v U.S. Department of Agriculture
The Drought Monitor focuses on broad-scals conditions
Local conditions may wary. For mare infarmation on the
Drought Monitor, go to hitps #droughtmonitor. unil eduAbout aspx

@ &

droughtmonitor.unl.edu

USDM2] 7I= & x|

v U.S. Drought Monitor Map

5 J 24’ 2017 Q Nimnn.ai nru-ugm M;!lg.mnf! Center
Ul. S. Drough t Mon’tor mem;?dl‘;igdaz «an. 26, 2017} LIS #0rought Manitor 1 24 17 Drotght eases;

Valid 7 a.m. EST recedes (o 15% ol Lowerds. No more D41 First time
> free of D4 since 3-29.2011

m National Drought Mitigation Center

US #Drought Monitor 1 24 17: Drought eases,
recedes to 16% of Lower48. No more D4! First time
free of D4 since 3-23-2011

Drought Impact Types.
r~ Delineates dominant impaats
& = Bhot-Tarm, typically [es5 than
& manths {a.g. agriculture, grassiands)
L = Long-Tenm, typlcally greater than
6 manths {a.g, hydrology, seoloay)
Intensity:
Author; [] D0 Abnormally Dry
Richard Tinker P s [] D1 Moderata Drought
CPC/NOAANWSINCEP [ D2 savere Drought
iy B D3 Extreme Drought
W D4 Exceplional Drought

Tha Drowght Monilor foc:

Fiignd Requests

B, st Agie

» CONTIm Friend
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U.S. Drought Monitor Map

Drought Severity Classification

Palmer Drought
i Severity Index
PDSI)

Category Description Possible Impacts

Going into drought:

= <=hort torm drynoss siowing planting, growih of

Abnormally
Dry

crops of pastures
-1.0ta-18
Coming out of drought.
* soma hingenng water daficis

*  pasiuies of tops not fully eeoverad
- » Some damage lo crops, pastures
Mederate .
Drought

Streams, resanvoirs, or walls low, soma watar
§ N -201t0-29
shorages developing of imminent
Voluntary water-use restrictions requested
Crop sr pasture losses:likaly
WRIRE SNOMANES COMmE
Water resinictions mposed

Severe

Extrame

“4.0lc-49
Drought °

Exceptional
Drought

-5.0 or less

R'ERUGHT MONITOR

SDAY

NEW RECORD

OVER 81% OF THE US AT

" orTm = :
LEAST ABNORMALLY DRY
" iy Ca .

55

—
wooemsTE

| FOX| WET WEATHER HELPING DROUGHT-STRICKEN SOUTH

Lew— N ERICA'S WEAT|
WAL 4 ON THE ROAD O SR =1

A

T

CPC Soil
Moisture Model
Percentiles)

Standardized
| Precipitation Index |
ISPl

Oblectiva Drought
indicator Blends
Parcentiles)

USGS Weekly
Streamflow
Percentiles

2110 30 21 1o 30 -05t0-07 211030

111020 11lo20

-16t0-1.9

(source: http://droughtmonitor.unl.edu/)

USA DROUGHT MO
CREDIT: USDA

MAY 16, 2022

867

of the state in
drought, over 50%
inD:

2]
HOLIDAYS
a4

-y

|

T TP
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Topic 3

A 714 718 BLEE U oFE

34 7|8 7t 2LIEHE

v" Evaporative Stress Index (ESI)

v 7|2k, TH7|Y, EHYSAE, AdXls § $E7IHRXISS 7322 WS AH|
g} YN SELUYE BESION X|2et X|BE X|FEHL Tf7|AO[0IMS] +2S
O 2 M 7hE S E4ol7| Hot] HE

v USDA (https://hrsl.ba.ars.usda.gov/drought/index.php)

v SERVIR GLOBAL (https://servirglobal.net/Global/Evaporative-Stress-Index-4-weeks)

SERVIR#GLOBAL

USDA _
o= Evaporative Stress Index Data Catalog

Hydrology & Remots Sensing L st

3
i SERVIRK Evaporative Stress Index (ESI)

~tmseription
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HEGY 7|8t 712 ELIHE
ESlE OHe=22| (Anomaly)S £2510] 7|29 A8 Y

USDA - 0|2 M2 AR 4 km SHAE 1718 814 XES 7% 2+z0

SLOBAL — HMIAIZY 5 km SHEE 4F E= 12F &4 X

> SHICE [JAIOZ ES|Q| 712 BA XA H=

(013|171 £, 2019; ESI2} 7|4E1% 7H2X|2= H|)

fggwyd{

£ 8

o)

34 7|8 7t 2LIEHE
SERVIR GLOBAL ESl= =U #UH={Q1 715 FE &2l 7ts, ofx|tt
T Y ENo| 5

MODIS ~ MODIS 14214 5 MOD16A2 HIA0M SUME 3S 7
: AL 500 mO) AR SUME,

, o

ESI M & 4% 8y, BESt SS S510] X5t

AtS THHHX|I0 CHEH

FE TS QA
: AE S (ET), Hx 2 (PET), HE
EZA (LE), X HE EA(PLE)

#5371 o=
: 500m SHAIE, 82 F7|
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Apr02,2017  Apr09,2017

Apr 16, 2017

Apr23,2017  Apr30,2017 May07,2017 May 14,2017 May21,2017 May 28,2017

Jun11,2017

v gl

Jun 18, 2017

Aug 27,2017

3
2N

Sep 24, 2017

2 Mo Drought
:. ‘ l

0 wormal

. -2 Exceptional Drought

; | Standardized Anomaly

Sep 03, 2017 Sep 10, 2017 Sep 17, 2017

258 & (2020)

‘= 2UEHE R I3

Vegetation Drought Response Index (VegDRI)
NDMCZe} O|ZX|EZEAR (USGS) Ol ZHst A4 7t 2 LIE|E X|E2M S4H 47|82

cil XS 2Es

= 20

712 249

™S S=5517] 216101 7| 8EHY 1S X X EXLS,

HEX|Y 52| WESe|sH HHE #25t 7ISX|H
NDMC (http://vegdri.unl.edu) & USGS (http://vegdri.cr.usgs.gov)

Vegetation Drought Response Index
Gomplste
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VegDRI — A Hybrid-Based Approach

ent

. -
.=,‘

4

Y3

Role: Spatially detailed
information about vegetation
patterns and conditions
acquired from Advanced Very
High Resolution Radiometer
(AVHRR) NDVI data .

Climate Component

Role: Coarser-scale geographic
patterns of dryness.

Inputs:
1) Standardized Precipitation
Index (SPI)

Inputs:

1) Percent Annual Seasonal

Greenness (PASG)

2) self-calibrated Palmer

Drought Severity Index

(PDSI)

2) Start of Season Anomaly

(SOSA)

Input Data

- Normalized
Difference Vegetation
Index (NDVI)
-PercentAverage
Seasonal Greenness
(PASG)

- Start of Season
Anomaly (SOSA)

- Out of Season

Soil Available Water
Capacity

Ecoregions

Remote Sensing Data

!

LandCover

Percentof Irrigation

!

Standardized
Precipitaiion Index
{weekly or biweekly)

Palmer Drought

Biophysical Data

Biophysical Component

Role: Environmental
characteristics that
influence climate-vegetation
interactions.

Inputs:
1) land use/cover type
2) soil characteristics
3) elevation
4) ecological setting
5) irrigated ag. land

Tsegaye Tadesse (source: National Drought Mitigation Center)

VegDRI Model Methodology

Step 1
Training Data

Historical database
developed from
satellite,

biophysical, and
:> climate data
extracted for

specific weather
‘station locations

Step 2§

Model
Development
Regression-tree
analysis to develop
bi-weekly VegDRI ~
models 4

\

Severity Index
{weekly or biweekly)

Climate Data

VegDRI Maps

Vegotation Drought Responso inoex
Vegetabon Dioughl Response nder

‘Vegeiation Drougiii Response Index
Comphie

Gridded Image
generation of near-real
time data inputs-

Generation
Application of bi-weekly

model to near-real time

gridded inputs for

Web-
delivery

Internet Portal for data access and
distribution/ NDMGC website

Value added VegDRI
products

Multi-state maps

Tsegaye Tadesse (source: National Drought Mitigation Center)
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v" Who is Using VegDRI?
National Integrated Drought
U.S. Drought Monitor authors National Weather Service Reports

U.S. Drought Monitor
-~ i 2

S s Wt

LSDA P (T
=209

Released Thursday, Mareh 18, 2010
Aumor Miatihos Rosneans, NOAANWENCERTRE

Other State and Media Reports

Mesonet: Snapshot of drought —Oklahoma
woan dbesas sl

ot s g b

A7 Deoughivyatch
Arzonn b Crought Imioace Reporting Systom

Tsegaye Tadesse (source: National Drought Mitigation Center)

‘= 2UEHE R I3

v VegDRI : Technology transfer to other regions of the world

Canada

Central Europe (Czech Republic prototype)
Greater Horn of Africa/Ethiopia

India

Mexico

China

South Korea

Canada-US VegDRI

Czech Republic VegDRI Prototype

J 22, 2014
Ethiopia/ Greater Horn of Africa VegOut Prototype Une <o

August, 2011

Two-month SONDVI Prediction for August 201

INTERSUCHO

22. June

Tsegaye Tadesse (source: National Drought Mitigation Center)
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Vegetation Drought Response Index (VegDRI-SKorea) Methodology
Historical Database Model Development

Data Input Variables : Regression Tree Model

| 1) Remote Sensing Component 1 1) Classification and regression trees (CART) algorithm
- Jl * Vegetation health | ® Cubist program
|‘ information | * Generate rule-based linear regression model
| « NDVI-based | e Data mining technique

 « Standardized seasonal 2) Calculating the grid-based VegDRI value

SSG ; .
pasrnes(356) i« MapCubist program

|‘ . linear regression equation

}'
| 1
) Climate Component |+ 371,356 prid-based map ;

Mt T (o T

« Measure of dryness
* Standardized VegDRI Maps Generation
Precipitation Index (SPI)
|| # Self-calibrating Palmer ! |
Drought Sevestéy indéx | | Generate grid-based VegDRI map

(SC-PDSI) i = Wet year * Drought year e Normal year

i2

Environmental
characteristics
Land use/cover
DEM

Ecoregion

Soil available water

capacity
(source: Nam et al., 2015)

(g) 12 July to 27 July

VegDRI-Skorea
I Extreme Drought
Bl Severe Drought
W Moderate Drought
Pre-Drought Stress
Near Normal
: 4 Unusually Moist
“.M* | Very Moist
bl ..' , ciitd I Extreme Moist

(i) 13 Al.;g to28 Aug (j)29 Al.;g to13Sep (k)14 Sép to 29 Sep (I) 30 Sep to 15 Oct (rn) 16 Oct to 31 Oct

Developing the vegetation drought response index for North Norea (VegDRI-NKorea) in 2014 drought
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Topic 4
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(Nam, 2013)
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Rain Apathy Drought Awareness Concern Panic

A Framework for Disaster Management (Source: National Drought Mitigation Center)
=L 7}F ZLIEE A|AH
B} kg ELET SRS
1 soppigsard | 2 sepismepppm | 3 Bpigyany

. .|
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Data Time 2022 96.28
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- Drought Event, HUI of Indices

v The determination of drought impacts from ONE drought index is limited.

Standardized Precipitation Index (SPI) Evaporative Stress Index (ESI) Actual drought damage areas
Meteorological drought index Vegetation drought index (July, 2017)

(Source: Nam et al., 2018)

=2| 7tF DLIEE AAH

22| A4 214 okF BLET Al

ion Drought Resp e 26, 2022 @ GRACE-Based Shallow Groundwater Drought Indicaiar
w27 R

[;._S. Drought Monitor
o

& e mes I @ ga N
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\";? NIDIS Drought.gov
B

Mational Integrated Drought Information System

DataandMaps ~  BySector ~  ByLocation ~

DATA & MAPS.
Select categories to browse data

Agriculture | Current Conditions. || Ecological Fire

Impacts

Faleoclimate I\ Precipitation
Public Healih | Soil Mo
Ternperature | Water Supply

Advanced Hydrologic Prediction

Service (AHPS) Precipitation Analysis

Natienal Weather Service {NWS) Advancad Hydrelogic

Prediction Serviee (AHPS) provides cutrent snd archivied 2005 - Presant
precipitation analysis at different timescales

| Search Results

images, shapefile, natedf-4

Land-based Station

Advanced Hydrologic Prediction
Service (AHPS) River Gauge data

The advanced Hydrologic Prediction Service (AHPS] provides
flood and drought related forecasts for the United Statas Lurment
based on streamgage data

hapefile, kel other

Land-based Station

AirNow Fire and Smoke Map
The dblow Fire and Smoke Man = an infera Northdmed
infarmation on ground-lev i e o
articulates (PH2.5) from smoke and other ERINIR AR

images

U8 B i

U.5, Drought Monitor (USDM)

2
(VegDRI)
i

Quick Drought Response Index
(QuickDRI)

gomie Indes (Quick

Canditions, Forseasts

HE229| XIIX|sH= ¢l 2 10|
ZAIZHY| WARSHA| £ X|OE 722
SME|7|7HK| 748 O|AF 2l

71240l ZH Lsirt

7tE2 AMED 20| 2y
FAIZHf ZX Tjsh7t 2 E

Ijol7t & Eelott
UBIT| S0 SHE|O] Ij3}7} LA

ol= AIAXfeliS 2= S 7}‘5:
BHOE TSI Y

ri#4 $210] OfEICH

OIAIZ X190 thet 7hE d&=
melsh= 0| o=

159



7122 XIMA T T} =L} » 2 £kl 0[42] HIOJEI2 24 JHs3ic

=2 ¥°"IH = OIE €10
TAZH| oA =X 7HE2
SYE7|7HK] 708 01 2

271200 ZK et | gy %7179 Ho|E{7} Bt

I|5H7} & 5Tt » YT XIF 2 H|0IE{7t 2RSICE

UL Xo0] F3H5I0f L3H7 s
S XSEHS HE 22| 712

202 YIS WY

CHAH ~210] O{&E L} » H2817| of2{2 X|Sjoll LiSt X127t ERSICt

OIAIZ XIH0f thet 7t d&s
melsh= A0 o=

- ' uroet usveT i _g_?-i_g?_l_
I exremey dry 71‘%’1]#

SORCHO

[ seversiy dry

0
2l
S
=
E 2

FER

TN

0
£

D
0N
&

-
-

e ek wi bt N Pl MI t— 5 Wm
-{% : L g O | vl LI B 050 & 80 1
A ’ - p Np ¥ a g AT & 12528, 5 % 100
: P LD . \ : ) :
1600E 1rEE a0 P 0T aroes ugowE urer

- 160 -



AISSY 718 K= 9| 7tF T

* KIXOR M5}
* B 24 7k5

o &5 A\ H =l A
o (LI4XY) LelLi2t Xgay 221 =(K|IE), YXIsky), MY
L2600 12FODE 18TMOE 129°00°E 1287007 LTTOE E2ETWE 129°DE
; iy i il ; i H b
® s (AsDs) =R
=Rj2
B =ns

- E =

g B e £ g §
R
= Z ¥
2 2 2] L2
& 5 £ S
z = > =
E 8 5 8
- 8 £ B
3

= e ) £ = =
5 B . g 3 B
5 wgpeE urTE 1rloE 1 Tz I

- 161 -




SUEXrX|2 H

B4
A7) 2]
rEetA7tE
(&T38)

§ T———

T
(s
o
o
o

i)
Mo
ol
x
4
1
b
RT
M
¥

Nam (2013)

3 i o m”- f
; e
i o Loy 1 4 I vy
| AT AN
| IS o o
g AN
Ll %\ it
e -
W___ ' oty

=] - ‘IE.‘u

|
i,
_

(TR
T B

in
_mm_ INON

,1-.*

mw@._

ﬁbﬁgw
pa m.




=/8 715XY

FIS A7 | XS S AL RI0|
7I2 Al7jof =0 HECHI2 2SS BY

HIE (%)

o 7t =49

NS

7tE A7 | NSE SERELRIO0|
712 2HA = MM E XEECHSUE0| O I Hasi= RE 2R

7tE EY ADI0 SEY UL B HIE (%)

g

= ] ==y

=)

5

1
Hj

80 5 25 12,5

20084 7H2
97 113

2y L) (H71=)

128 145 161 177

20114 712
97 138

A 2| (H71E)
120 145 1861

20154 IH5 &4 471 (21 5)

81 177 193 209 ECIINECZERRE ARV RRELY 161 177 183 200

2008 713 HY A2l (BUEE)

LENRCINREES 195 209 225 241

257

20094 7k
B1 | 97

Y A7 (BYE)
RRER 129 145 161

20123 75 Y AP| (BHER)

273 3 LTIl 49 65 81 97 113 k- R

20154 713 &4 M7| (BHEE)

113 129 145 Rl FE

20174 712 WA A7] (F7I5)
129 145 161

- S 7|8t 7t XIs=2 ESIE 83510 FR 7IF
LIEFE. CH& X1 407401 Chal

=/8 715 XY

193 209 225

177 180 209

TABE E} 77.5%9] XA 7HS 2 Al =0] RIECH L2 ESI X|+ 242 B2

o 7t=

20174 718 WY A7 (BYEE)

129 145 161 177 188 208 225 241 257 273

20134 7k W M7 (BYEE)

145 161 177 QREE v -l

2 AZ|2] =, & ZES Hl@E H3 uA|e 7hF Al7| 2 EFSE XI0|7t

Source: 253 ¢ (2021)
=42| X0|H

5
Y|

22
7|

-

Aniz | FH | 2570 w57

0813 | 0821 | 0829 | 0906 | 0974 0922

Evaporative Stress Index (ESI)

2020-02-10

- 20203 EIHA7|E CHEY SR M| HEZEAI ESIQ|

TIHA7| O[S 2E] =2 Xj4- 2l0| HHLH HofKl= F3t

2020-03-21

2020-04-30 2020-06-09 2020-07-19 2020-0g-28

Hols E45I%
g ags 2.

| X0} LIERLIX) Sigimiet
o| o3t IS o= mctsl

Source: 58 9| (2021)

163 -



09.09 09.19 10.03 10.18
Area: 57309.84 Area: 58552.31 Area: 55681.71 Area: 58419.02

S%7t=s BLEE (EE)

2017.06.01 2017.07.11 2017.07.17 2017.08.17

==

2017.05.22 2017.06.16 2017.06.23 2017.06.28

2017.05.04

- 164 -



EE :E-bee(ZHY)

37| :0.96m (&)

A 113 1km2 (400~600%)
HIEAIZ! : of 4OE
HEEY XI55 (GPSOIB)

S%7ts BLEE (EE)

(a) EIAE HE BH2| RGB

TR S AR E-Motion2

=S 2AME2EXH

100

90

80

70

60

50

40

ok mke] bl b)) K ] e S e] i S ml—{e] b se] o oyl i Sk e] il R ad i S ] i i o] i
=] 2E 33 48 58 6% 73 = 94 108 114 128
50% 509% emmmi0% —=O=TE  =—0=2016d c=22017d 21

cemehld o = = 20d = =50E — =008 — - 2008

- 165 -



SY/tEadd U 7SS SIAEEXE

00

m @) CHSEF O} SO SHETH? myuaxies (%)
81 81

5 oEYHOZ (e o

. BlOF 3H=712

D-.O/W
i &4

S|
\

e
- e o
P L ¥, 4F

56
50 55 52 53 53 53 54 2018

40 T 4t
=38
55 =536 35

Ne=g=h5

30

o= A|7|(AR)OH
chgator stery | O HISALI

et AE Y
o

(]

ipFadteiaEedln i sadlataEasleasatt EAlE AL AN AARL A AL EASE AL R A laAA TS OE
] 28 34 48 58 68 78 8% o8 108l 1149 124

70% 60% wmm50% =OmwBUHR =(=20160 ==20174 =0=20184

Qa9 H=?
S7IS4E9| o2t

=/l ® 2 /I EUEHT 28

‘t= BEHEHZ HEld 2
t= X732 ChEst

IF AIBS EES S

- 166 -



A Handbook of Drought Indicators

A
Deciles
Keetch-Byram Drought inde
(KBDI)

Percent of Normal Precipitation

Standardized Precipitation Index

(5P1)

Weighted Anomaly Standardized

Precipitation (\WASP)
Aridity Indlex (Al)

ChinaZ Inclex (CZ1)
Crop Molsture Index (CM1)
Draught Area Index (DAL}
Drought Reconnalssance Index
(DRI)

wé Drought Index (EDI)
Hydro-thermal Coafficient of
Selyaninoy (HTC)
WOAA Drought Index (NDI)
Falmer Drought Severity Index
(PDSI)

Palmer Z Index

Rainfall Anomaly Index (RAI)
Self-Calibrated Palmer Drought
Sevenly Index (sc-POSI)

Standardized Anomaly Index
(Sal)

Standardized Precipitation
Evapotranspiration Index (SPEH

Agiiciiftural Reference lidex far
Draught (ARID)

Crap-specific Dought Index
€sby

Reclamation Drought Index
(RDI}

Poge

Eave of
wse

Inpt Additional information
paramsters
T, PEL ET | Operationally avatlable for India
ulate; examples from
alia are useful

are hased upon the

Simple calculations

Highlighted Ly the Worl
Metearological Organiz
starting point for metearological
drought manitoring
Uses gridefed d
drought in tropical

manitoring
qions

Can alsa be used in climate

Intended to mprove upan 5P data
Weekly values are required

Cives an indication of monsocon
seasan pertormance
Monthly temperature and
precipitation are required
Prograrm avallabde throughs direct
contact with originator
Easy Hatiots and several
examples (n the Russlan Federation
Best used in agricultural applications
Not green due to complexity of
calculations and the need for serlally
complete data

P, T, AWC Oneaf the many outputs of POS|

calcufat

T, AW

Serially complete data required
Nat green due to compleity of
caleulations and serially complete
diata required
Point cl
conditions

userf to diescribe regional

Serially complete data required:
output similar to SPLbu with a
temperature companent

P T, Mod Produced In south-eastern United
States of Ametica and not tested
widely outside the reglon

P.T.Td, W,

Rad, AWC

Mod, €D

Quality data of many variables
needed, making It chall touse
F.T, 5, RD, SF | Similar to the Surface Water Supply
Index, but contains a temperature
component

Soil Maisture Anomaly (SMA)

Evapatranspiration Deficit Index
(ETDI)

Soil Moisture Deficit Index
(SMDI)

| .1, awc

@ Maod
D vod

26

Soil Water Storage (SW5)

Intended to improve upon the water
balance of PDSI

Complex calculations with multiple
inputs required

Weekly calculations at different soil
depths; complicated to calculate

7 | @@ awc o,

SwWD

Owing to variations in both soil and
crop types, interpolation over large
areas is challenging

Palmer Hydrological Drought
Severity Index (PHDI)

Standardized Reservair Supply
Index (SRSIY

Standardized Streamflow |ndex
(S5FI)

Standardized Water-level Index
(SW1)

PT, AWC

RD

SF

GW

Serially complete data required

Similar calculations to SPI using
reservoir data

Uses the SPI program along with
streamflow data

Similar calculations to SPI, but using
groundwater or well-level data
instead of precipitation

Streamtlow Drought Index (SDI}

Surface Water Supply Index
(SWSI)

Aggregate Dryness Index (ADI)

P, ET, SF, RD),
AWC, S

Similar calculations to SPI, but
using streamflow data instead of
precipitation

Many methodologies and derivative
products are available, but
comparisons belween basins are
subject to the method chosen

MNa cade, but mathematics explained
in the literature

Standardized Snowmelt and Rain
Indlex (SMRI)

P, T, SF, Mod

Can be used with or without
snowpack information

(Source: World Meteorological Organization)

* Mixing Up a Drought Indicator Cocktail Recipes:
“Blended, not Stirred”

James Bond, “Shaken, Not Stirred”

OHAKEN

NOT 3TIRRED!

ThingsMenBuy.com

rk Svoboda (Source: National Drought Mitigation Center)
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