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3.3.3.2  Arizona
The	 severe	 to	 extreme	 drought	 conditions	 that	 were	 prevalent	 across	 Arizona	
throughout	the	second	half	of	2009	are	shown	in	the	VegDRI	map	for	November	2	
(Figure	3.5b).	Drought	conditions	in	Arizona	rapidly	intensified	during	the	summer	
and	fall	because	of	a	lack	of	rainfall	during	the	monsoon	season	(July–September),	
which	traditionally	accounts	for	most	of	the	state’s	annual	precipitation	in	an	otherwise	
arid	climate.	In	2009,	the	state	of	Arizona	experienced	its	third	driest	June–August	
period	in	more	than	a	century	(USDA,	2010b).	By	late	October,	most	of	Arizona	had	
received	less	than	50%	of	average	precipitation	for	the	year,	with	the	exception	of	far	
eastern	Arizona,	where	near-average	precipitation	was	received.	VegDRI	character-
ized	this	rapid	progression	in	drought	intensity	from	predominately	near-normal to	

Mohave

Maricopa
Yuma

La paz

Coconino

Yavapai

Navajo

Gila

Apache

GreenleePinal
Graham

Cochise

Pima

Santa Cruz

(a) (b)

VegDRI class

Extreme drought
Severe drought
Moderate drought
Pre-drought stress
Near normal
Unusually moist
Very moist
Extremely moist
Out of season
Water

(c)

FIGURE 3.5  (See color insert.)	Local-scale	VegDRI	results	on	June	29,	2009,	over	south	
Texas	(a),	on	November	2,	2009,	over	the	state	of	Arizona	(b),	and	on	August	10,	2009,	over	
eastern	Minnesota	and	northern	Wisconsin	(percentages	for	highlighted	locations	represent	
the	percent	of	historical	average	precipitation	received	at	those	locations	in	2009)	(c).
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predrought	conditions	on	July	13	(Figure	3.4a)	to	the	severe	to	extreme	drought	condi-
tions	on	November	2	(Figure	3.5b)	across	most	of	the	state.	At	the	substate	level,	some	
of	the	driest	conditions	occurred	in	central	Arizona	in	Coconino,	Navajo,	and	Gila	
counties,	where	many	 locations	 received	<25%	of	average	annual	precipitation.	 In	
Figure	3.5b,	severe	to	extreme	drought	conditions	over	these	counties	were	reflected	
in	VegDRI.	In	addition,	the	more	favorable	conditions	in	eastern	Arizona	in	Apache	
and	Greenlee	counties	are	classified	in	the	predrought	to	moderate	drought	categories.

The	pronounced	drought	conditions	across	the	state	were	reflected	by	the	numer-
ous	 reports	of	crop	 losses,	degraded	 rangeland	conditions,	and	negative	 impacts	on	
forest	 health.	USDA	assigned	a	natural	 disaster	 declaration	 to	13	of	15	 counties	 in	
Arizona	because	of	substantial	agricultural	production	losses.	La	Paz	and	Yuma	coun-
ties	in	southwest	Arizona	were	not	assigned	a	disaster	declaration	because	their	pro-
duction	losses	were	not	as	substantial.	The	reduced	drought	severity	in	this	area	was	
depicted	 by	 VegDRI	 in	 Figure	 3.5b,	 with	 the	 majority	 of	 Yuma	 County	 and	 much	
of	 La	 Paz	 County	 experiencing	 moderate	 drought.	 A	 time	 series	 of	 VegDRI	 maps	
from	September	through	December	2009	(complete	VegDRI	time	series	available	at	
http://drought.unl.edu/vegdri/VegDRI_archive.htm)	revealed	 that	any	severe	drought	
conditions	in	either	county	were	short	lived,	and	a	weaker,	moderate	drought	signal	per-
sisted	over	this	period	compared	to	the	other	western	and	central	counties	in	Arizona.

3.3.3.3  Minnesota and Wisconsin
A	snapshot	of	the	moderate	to	severe	drought	conditions	that	persisted	over	east-
central	 Minnesota	 and	 northwest	 Wisconsin	 throughout	 the	 2009	 growing	 sea-
son	 is	presented	 in	 the	VegDRI	map	for	August	10	(Figure	3.5c).	A	band	of	dry	
conditions	spanning	an	area	from	Minneapolis,	Minnesota,	northeastward	to	Lake	
Superior	(near	Mellen,	Wisconsin)	began	to	emerge	by	early	June	and	continued	
to	intensify	to	moderate	to	severe	drought	conditions	by	midsummer	(mid-July	to	
early	August).	This	 example	 illustrates	 the	 local-scale	variations	 in	drought	pat-
terns	depicted	by	VegDRI,	which	were	 consistent	with	ground	observations	 and	
impacts	reported	for	this	area.	The	percent	average	growing	season	precipitation	
received	by	selected	weather	stations	in	Figure	3.5c	shows	that	the	spatial	varia-
tions	 in	drought	 conditions	depicted	 for	VegDRI	 agreed	with	 the	 rainfall	 deficit	
patterns	recorded	at	weather	stations	across	this	area.	For	example,	the	transition	
from	severe	drought	conditions	in	Wisconsin	surrounding	Cumberland	to	moderate	
drought	near	Eau	Claire	to	near-normal	conditions	at	Sparta	classified	by	VegDRI	
reflects	 the	 localized	 precipitation	 gradient	 recorded	 during	 the	 2009	 growing	
season	between	 these	 locations.	During	 the	3	months	before	August	10,	 the	per-
cent	of	average	precipitation	received	during	that	period	(typically	between	11	and	
12	in.)	increased	along	this	drought	severity	gradient	from	44%	to	60%	to	108%	for	
these	three	locations,	respectively.	In	addition,	the	core	area	of	moderate	to	severe	
drought	delineated	by	VegDRI	from	Minneapolis	to	Mellen	was	consistent	with	the	
weather	station	observations	over	this	area,	which	typically	recorded	less	than	50%	
of	average	rainfall.

The	majority	of	the	drought-stricken	area	classified	as	moderate	to	severe	drought	
in	Figure	3.5c	is	densely	forested,	and	the	impact	of	 these	dry	conditions	on	veg-
etation	was	reflected	by	an	increased	number	of	burn	bans	and	wildfires	reported	
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in	 2009.	 Foresters	 in	 northern	 Wisconsin	 reported	 an	 increased	 rate	 of	 mortality	
among	several	tree	species	(e.g.,	oak	and	maple)	primarily	attributed	to	the	increased	
susceptibility	 of	 drought-weakened	 trees	 to	 many	 native	 insects	 and	 pathogens	
(Schwingle,	2009).	Only	a	small	area	of	extensive	cropland	between	Cumberland,	
Eau	Claire,	and	Minneapolis	was	located	within	the	core	drought	area	defined	by	
VegDRI.	However,	USDA	county	officials	within	this	area	reported	dry	soil	mois-
ture	conditions	and	stressed	crops	and	grasslands	by	early	July	 that	eventually	
lead	to	a	USDA	drought	declaration	for	most	counties	in	east-central	Minnesota	
and	 northern	 Wisconsin.	 Locations	 classified	 by	 VegDRI	 to	 have	 near-normal	
vegetation	conditions	south	of	the	core	drought	area	(near	stations	such	as	Beaver	
Dam,	Harmony,	and	Sparta)	were	not	assigned	a	drought	declaration	by	USDA.	This	
was	 consistent	 with	 USDA	 National	 Agricultural	 Statistics	 Service	 (NASS)	 Crop	
Progress	reports	for	Wisconsin,	which	reported	adequate	rainfall	to	support	agricul-
tural	production	for	this	area.

3.4  ENHANCING VegDRI WITH MODIS SATELLITE DATA

Work	is	ongoing	to	transition	the	satellite	inputs	for	VegDRI	from	AVHRR-based	
NDVI	data	to	a	MODIS-based	expedited	NDVI	data	stream	produced	by	the	USGS	
eMODIS	system	(Jenkerson	et	al.,	2010),	which	has	the	flexibility	to	accommodate	
the	production	schedule	of	a	specific	application	(e.g.,	daily,	weekly,	or	biweekly).	
The	current	biweekly	AVHRR	NDVI	composite	production	schedule	is	rigid;	com-
posites	 are	 updated	 at	 a	 2	 week	 interval	 on	 Tuesdays,	 which	 restricts	 the	 opera-
tional	production	of	new	VegDRI	maps	to	the	middle	of	the	week	(i.e.,	Tuesday	or	
Wednesday)	once	every	2	weeks.	In	contrast,	the	USGS	eMODIS	system	provides	a	
near-real-time,	rolling	7	day	NDVI	composite	for	the	CONUS	that	allows	VegDRI	
to	be	updated	weekly	on	Mondays	to	accommodate	the	schedule	of	users	such	as	the	
USDM	authors.	In	addition,	the	satellite	observations	from	MODIS	used	to	gener-
ate	the	NDVI	data	are	expected	to	provide	higher-quality	information	for	VegDRI	
because	of	 improved	 instrument	calibration	and	higher	geolocational	accuracy,	as	
well	as	 the	 rigorous	atmospheric	and	 radiometric	corrections	applied	 to	 the	spec-
tral	data.	The	eMODIS-based	VegDRI	will	use	empirical	models	incorporating	the	
SOSA	and	PASG	calculated	 from	historical	AVHRR	NDVI	observations	 that	are	
translated	to	a	“MODIS-like”	NDVI	time	series	in	order	to	be	consistent	with	eMO-
DIS	NDVI	images	to	which	the	models	are	applied	for	map	generation.	Development	
of	 an	 AVHRR-to-MODIS	 NDVI	 translation	 algorithm	 and	 application	 within	 a	
phenological-based	geographic	framework	(Gu	et	al.,	2010)	is	nearing	completion.	
eMODIS	VegDRI	is	currently	produced	at	USGS	EROS	and	available	via	a	web	map	
interface	(http://vegdri.cr.usgs.gov/viewer/viewer.htm).	The	transition	to	operational	
eMODIS	VegDRI	production	for	the	CONUS	is	scheduled	for	2011.

3.5  CONCLUSIONS AND FUTURE WORK

VegDRI	represents	a	new	“hybrid”	index	for	operational	vegetation	drought	moni-
toring	in	the	United	States,	incorporating	traditional	satellite-based	VI	observations	
and	climate-based	drought	index	data	with	general	biophysical	information	about	the	
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environment	to	produce	1	km	resolution	national	maps	that	depict	“drought-related”	
vegetation	 stress.	 VegDRI	 is	 designed	 to	 characterize	 county	 to	 subcounty	 level	
drought	patterns,	which	is	an	appropriate	spatial	scale	 to	support	a	wide	range	of	
local-scale	decision-making	activities.	Historical	testing	of	the	VegDRI	models	for	a	
20	year	period	across	the	CONUS	showed	that	this	index	maintained	a	high	predic-
tive	accuracy	when	compared	with	station-based,	self-calibrated	PDSI	across	both	
the	growing	season	and	diverse	environmental	conditions.	Case	examples	from	2009	
over	 Arizona,	 south	 Texas,	 and	 northern	 Minnesota	 and	 Wisconsin	 further	 illus-
trated	the	ability	of	VegDRI	to	characterize	local-scale	variations	in	drought	condi-
tions	across	a	wide	range	of	climatic	regimes	(i.e.,	arid	to	humid)	and	different	land	
cover	types	(shrubs,	grass,	crops,	and	forest).	In	addition,	model	performance	was	
relatively	unaffected	by	 interannual	 climate	variations	over	 the	 two-decade	 study	
period.	From	a	national	perspective,	the	major	drought	patterns	classified	by	VegDRI	
were	consistent	with	those	mapped	by	the	nation’s	state-of-the-art	drought	monitor-
ing	tool,	the	USDM,	as	shown	in	Figure	3.4a	and	b.	The	improved	spatial	resolution	
of	the	1	km	VegDRI	map	compared	to	the	USDM	map	is	evident,	suggesting	that	
higher	resolution	inputs	such	as	VegDRI	could	be	used	to	enhance	the	spatial	preci-
sion	of	the	drought	patterns	depicted	in	the	USDM.

Currently,	 VegDRI	 is	 only	 operationally	 produced	 across	 the	 CONUS,	 but	 the	
potential	exists	to	expand	this	hybrid-based	index	method	to	other	parts	of	the	world.	
Satellite-based	NDVI	observations	comparable	to	those	used	for	VegDRI	in	the	United	
States	are	globally	available	from	AVHRR,	MERIS,	MODIS,	and	SPOT	Vegetation.	
However,	the	specific	variables	used	in	the	biophysical	and	climate	components	of	
VegDRI	would	be	unique	for	each	country	or	region	and	depend	on	the	specific	data	
sets	that	are	available.	A	strength	of	the	VegDRI	approach	is	its	flexibility	to	be	cus-
tomized	to	the	data	resources	of	a	given	location	and	its	ability	to	integrate	new	data	
inputs	as	they	become	available.	For	example,	a	temperature	component	is	currently	
lacking	from	the	VegDRI	approach	presented	in	this	chapter.	However,	the	potential	
exists	to	develop	a	historical	time	series	of	AVHRR	thermal	observations	(or	derived	
ET	estimates)	that	can	be	integrated	into	VegDRI	to	better	represent	the	influence	
of	LST	on	vegetation	 conditions.	 In	 addition	 to	geographic	 expansion	of	VegDRI	
beyond	 the	 United	 States,	 the	 development	 of	 a	 higher	 spatial	 resolution	 VegDRI	
using	MODIS	250	m	NDVI	observations	is	an	area	of	future	work	to	accommodate	
the	needs	of	local-scale	decision	makers,	who	require	more	detailed	landscape-level	
information	that	is	not	contained	in	the	current	1	km	VegDRI	products.

Continued	validation	of	VegDRI	using	multiple	information	sources	(e.g.,	soil	
moisture	observations,	biophysical	vegetation	measurements,	 crop/grass	produc-
tion	data,	and	impact	reports)	is	also	needed	to	better	characterize	index	perfor-
mance	over	an	extended	period	of	 time	for	 locations	with	different	environment	
conditions.	Efforts	are	currently	underway	 to	evaluate	VegDRI’s	 spatiotemporal	
performance	across	 the	CONUS	over	 two	decades	 (1989–2009)	using	 statistical	
cross-validation.	This	work	will	assess	the	historical	accuracy	and	variability	of	
VegDRI	and	investigate	the	index’s	performance	for	major	 land	cover	types	and	
different	ecological	regions	of	the	United	States.	Comparisons	between	VegDRI	
and	 other	 drought-related	 indices	 and	 indicators	 such	 as	 the	 Evaporative	 Stress	
Index	(ESI)	(Anderson	et	al.,	2007,	2010)	and	the	USDM	are	also	being	conducted	
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to	 better	 understand	 the	 complementary	 drought	 information	 that	 VegDRI	 can	
provide.	Quantitative	validation	of	VegDRI	trends	with	in	situ–based	biophysical	
measures	of	vegetation	(e.g.,	biomass)	is	also	planned,	but	such	long-term	data	sets	
are	 sparse	 and	 typically	 limited	 to	 a	 few	 long-term	ecological	 reserve	 sites	 and	
research	plots	maintained	by	organizations	such	as	USDA’s	Agricultural	Research	
Service.	As	a	result,	VegDRI	validation	work	will	utilize	a	“convergence	of	evi-
dence”	approach	that	incorporates	a	range	of	qualitative	and	quantitative	assess-
ments	applied	to	the	broad	range	of	information	sources	that	have	been	discussed	
in	 this	 chapter	 to	 establish	 the	 relative	 strengths	 and	 weaknesses	 of	 this	 hybrid	
drought	index.
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