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Drought and Climate
• Drought is a ‘naturally recurring climatic event’ that
impacts almost all sectors of society – agricultural, water
resources, natural resources, recreation, human health, and
the economy.
o Drought results in $6-8 billion in
Each year ~15% of the U.S.’ total
area has been under severe to
extreme drought since 1895.

losses per year through both direct
and indirect impacts. (FEMA, 1995)

o Ranks among the most costly of all
natural disasters along with
hurricanes.

The Complex Face of Drought
Impacts can span across many sectors
•
•
•
•
•
•
•

Agriculture / food security
Water resources
Energy
Public health
Economy
Recreation
Natural resource management / ecosystem services

Impacts can be ‘direct’ or ‘indirect’
• DIRECT: Crop stress = reduced food production =
higher food prices
• INDIRECT: Low reservoir levels = reduced tourism
= business closures

Definitions of Drought
Four Types of Drought
1. Meteorological Drought
2. Agricultural Drought
3. Hydrological Drought
4. Socio-economic Drought

Days to
Weeks

Weeks to
Months

Months
to Years

Definitions of these types
vary by:
• Length of the dry period
• Part of environment
impacted (e.g., water or
vegetation)

The Complexity of Monitoring Drought
Multiple Dimensions of Drought Phenomena
1. Geographic Extent/Coverage – Where did the drought start?
What area does the drought cover?
2. Severity (or Intensity) – How intense are the drought conditions
(e.g., moderate, severe, or extreme)?
3. Duration – When did a drought start? When did it end? How long
of time has the drought lasted (days, months, or years?)?
4. Target of Interest – What is the status of stream flow or reservoir
levels? What is the condition of the crops? What is the level of fire
danger? How will this influence food prices? How will agricultural
losses impact the tax base?

Droughts are ‘dynamic’ and no two events are the same. A suite
of tools is needed to effectively monitor drought conditions.

Cycle of Disaster Management
Key component to
developing
effective drought
planning and
mitigation.
Satellite remote
sensing is quickly
becoming an
important
component
contributing timely
and spatiallydetailed
information for
decision makers.

Traditional Drought Monitoring
Relied upon ground-based (in situ) measurements of precipitation, stream flow,
groundwater, and soil moisture that provide broad snapshot of drought conditions
and patterns.

U.S. Drought Monitor (USDM)
Current State-of-the-Art Drought Monitoring Tool
o

Composite indicator of both ‘short’
(S) and ‘long’ (L) term drought
conditions

o

Developed through the analysis of
many indicators and indices (50+
meteorological, climatological,
hydrologic, ecological, and
socioeconomic indicators) and input
from ‘experts’ on the ground.

o

Widely used tool for droughtrelated decision making:
•
•
•
•

Weekly map produced since 1999 by NOAA (CPC, NCDC,
WRCC), USDA, and the NDMC.

•

USDA Farm Service Agency
(FSA)
Internal Revenue Service (IRS)
Congressional and White House
briefings
Media (e.g., major newspapers
and television)
Federal and state agencies
/organizations

Examples of Inputs into the USDM
Key Drought Indicators:
- Palmer Drought Index
- SPI
- KBDI
- Modeled Soil Moisture Until recently, remote
- 7-Day Avg. Stream flow sensing products have
- Precipitation Anomalies had limited application

Growing Season:

in the USDM.

- Crop Moisture Index
- Satellite Veg. Health Index
- Soil Moisture
- Mesonet data

In The West:
- SWSI
- Reservoir levels
- Snowpack (SNOTEL)
- SWE
- Stream flow

Expert Feedback from the
Field

Remote Sensing of Drought
The Traditional Approach
Normalized Difference Vegetation Index (NDVI)
data from satellite have been used for 20+ years for
a wide range of large-area environmental applications
including drought monitoring and early warning.
Advantages:
1) Simple mathematical transformation of two
spectral bands (red and near-infrared [NIR])
2) Long historical record of satellite-based sensors
with these required spectral bands for NDVI
3) Strong relationship with various vegetation
biophysical characteristics (e.g., biomass and
leaf area index)

Most efforts rely on NDVI anomaly measures that
compares the current vegetation conditions (as
expressed by NDVI) to historical conditions.
- Percent of historical average
- Departure from a prior date (month or year)

Geographic patterns of seasonal vegetation greenness
for the U.S. as observed from a time-series NOAA
AVHRR NDVI data. (Animation produced by NOAA
/NESDIS).

New Directions in Remote Sensing of Drought
The capability to monitor and map key components
of the hydrological cycle have become possible
using satellite remote sensing because of:

Remote Sensing Estimates of:

1) the launch of many new sensors collecting
a wide array of Earth observations,

2) improved computing capabilities, and
3) more advanced modeling and analysis
techniques.

New Remote Sensing Instruments

Vegetation Drought Response Index (VegDRI)
VegDRI is a ‘hybrid’ drought index that integrates:

- satellite-based observations of vegetation conditions
- climate-based drought index data
- biophysical characteristics of the environment
to produce 1-km spatial resolution maps that depict ‘drought-related’
vegetation stress.
Timeline/Milestones:
2003: USGS-funded proof-of-concept work
2005: Development of operational VegDRI
for CONUS (USDA RMA and NASA)

2008: Completion of VegDRI tool for
CONUS

Goals of VegDRI
1. Provide drought-specific information – incorporation of the
Palmer Drought Severity Index (PDSI) classification scheme
2. Ability to resolve county to sub-county variability in drought
conditions
VegDRI
Indiana
September 3, 2012

U.S. Drought Monitor
Indiana
September 4, 2012

VegDRI – A Hybrid-Based Approach
Remote Sensing Component

Climate Component

+

Role: Spatially detailed
information about vegetation
patterns and conditions acquired
from Advanced Very High
Resolution Radiometer
(AVHRR) NDVI data .
Inputs:
1) Percent Annual Seasonal
Greenness (PASG)
2) Start of Season Anomaly
(SOSA)

Biophysical Component

+

Why not just use NDVI?

NDVI and Vegetation Monitoring
Challenges for Drought Monitoring:
1) Discrimination of drought-impacted
areas from locations experiencing
other types of stress (pests, plant
disease, flooding, and fire) or
land use/land cover change.

Drought, fire,
or pests?

2) Classification of different drought
severity levels (e.g., moderate,
severe, and extreme).
Extreme?

Severe? Moderate?

VegDRI – A Hybrid-Based Approach
Remote Sensing Component

Climate Component

+

Role: Spatially detailed
information about vegetation
patterns and conditions acquired
from Advanced Very High
Resolution Radiometer
(AVHRR) NDVI data .
Inputs:
1) Percent Annual Seasonal
Greenness (PASG)
2) Start of Season Anomaly
(SOSA)

Biophysical Component

+

Role: Coarser-scale geographic
patterns of dryness.

Role: Environmental
characteristics that influence
climate-vegetation interactions.

Inputs:
1) Standardized Precipitation
Index (SPI)
2) self-calibrated Palmer
Drought Severity Index
(PDSI)

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

Historical Database

VegDRI Methodology
Satellite Data*

Climate Data*

+
• PASG

Biophysical Data

+
•

36-week SPI
• self-calibrated PDSI

• SOSA
• Out of Season

* 20-year historical record of observations (1989 – 2008)

•
•
•
•
•

Land Use/Land Cover Type
Irrigation
Soil Available Water Capacity
Elevation
Ecoregion

Step 3
Gridded image generation
of near real-time
data inputs

Step 1
Training Data
Historical database
development of
satellite, climate, and
biophysical data
extracted for 2,000+
weather station
locations.

Step 2
Regression tree
analysis
to develop bi-weekly
VegDRI models (rules)

Step 4
Application of bi-weekly
model to near real-time
gridded inputs for
VegDRI map generation

Operational VegDRI Map Production
Brown, J.F., B.D. Wardlow, T. Tadesse, M.J. Hayes, and B.C. Reed. 2008. The
vegetation drought response index (VegDRI): a new integrated approach for
monitoring drought stress in vegetation. GIScience and Remote Sensing 45(1):16-46.

Examples of VegDRI Products
Standard Suite of VegDRI Maps

Animations

Areal Statistics
Customized by:
•
•

Geographic Area
Land cover type

Change Maps

Map Highlight Narrative

Who is Using VegDRI?
U.S. Drought Monitor (USDM)

National Weather Service Drought Reports

Arizona Drought Monitor Report

New Mexico Drought Status Report
Bureau of Land Management (BLM)

Other Examples:
• Crop insurance companies
• Forest health/tree die-off research
• Wildfire monitoring and research

Evaporative Stress Index (ESI)
Evaporative Stress Index (ESI)

ESI depicts ‘evapotranspiration’ flux
from vegetation and non-vegetated
surfaces (e.g., soils) using thermal
observations from satellite in a surface energy
balance model.
ESI can be derived separately for the vegetation
canopy (ESIc) and soil surface (ESIs) using the a
two-source modeling method.
ESI can be calculated from data from many
instruments to provide range of calculations
across multiple spatial and temporal scales.
Minutes to Hourly: GOES- & Meteosat-derived
5- to 10-km ESI maps
Daily to weekly: MODIS-derived 1-km ESI maps

Drier

Wetter

Bi-weekly (16-days): Landsat 60- and 120-m ESI maps
Anderson, M.C., C. Hain, B. Wardlow, A. Pimstein, J.R. Mecikalski, and W.P.
Kustas. 2011. Evaluation of a drought index based on thermal remote sensing of
evapotranspiration over the continental U.S. Journal of Climate 24:2025-2044.

Suite of ESI Anomaly Products
o Weekly, 10-km maps over
continental U.S.
o Initial integration into the
USDM in 2011
o 12-year historical record of
ET-related anomaly products
(2000 to present)
Change products over different time
intervals (1, 2, and 3 months) to
capture shorter and longer-term
changes in conditions.

Color scheme compatible with USDM.

http://hrsl.arsusda.gov/drought/index.php

GRACE Terrestrial Water Storage (TWS)
Terrestrial Water Storage (TWS) is the vertical summation of :
1) surface water
2) snow
3) soil moisture
Land Data
Assimilation
4) groundwater
Modeling
 Gravity data acquired by the GRACE
(Gravity Recovery and Climate
Experiment) instrument is processed
through Land Data Assimilation System
(LDAS) to estimate water storage for
each vertical layer and downscaled to
higher spatial resolution outputs using a
land surface model.

Courtesy: Matt Rodell, NASA GSFC

Zaitchik, B.F., M. Rodell, and R.H. Reichle, 2008: Assimilation of
GRACE Terrestrial Water Storage Data into a Land Surface Model:
Results for the Mississippi River Basin. J. Hydrometeor., 9, 535–548.

GRACE Hydrologic Drought
Indicator Products
o Weekly updated, 0.25-degree maps of
surface and root zone soil moisture and
groundwater conditions over continental
U.S.
o Conditions are represented as ‘percentiles’
that relate how the ‘current’ conditions
relate to historical conditions over a 64+
year record (1948 to present).
o First integrated into the USDM in 2011.
o Historical time series of GRACE-based
products dating back to 2002
GRACE TWS Drought Products Webpage:
http://drought.unl.edu/MonitoringTools/NASAGRACEDataAssimilation.aspx

Other Remote Sensing Efforts
Microwave remote sensing of soil moisture

Satellite & ground-based precipitation and
gridded drought indices
Standardized
Precipitation Index
(SPI) derived from
NEXRAD radarbased 4-km
precipitation
analysis data

0.25-degree precipitation anomaly from satellite observations

Satellite missions:
•
•
•
•

Quick Scatterometer (QuikSCAT) - NASA
Advanced Microwave Scanning Radiometer – EOS
(AMSR-E) - NASA
Soil Moisture & Ocean Salinity (SMOS) – launched
in 2009 by European Space Agency (ESA)
Soil Moisture Active Passive (SMAP) – scheduled
for launch in 2015
•
•

Tropical Rainfall Measuring Mission (TRMM)
Global Precipitation Mission (GPM)

Concluding Thoughts
• Satellite remote sensing is increasingly been used to compliment
traditional in situ-based observations in operational drought monitoring
systems both in U.S. and internationally.
• Tremendous interest in technology transfer of many of these tools to other
countries.
o

Current efforts to develop a VegDRI-like tool
- Canada
- Morocco/Mediterranean and North Africa (MENA)
- Mexico
- Brazil
- Czech Republic - Ethiopia/Great Horn of Africa
- India
- Turkey

• Increasing emphasis on incorporating remote sensing data with other types
of information (e.g., climate data) into hybrid-based, empirical (e.g.,
VegDRI) and physical-based models (e.g., ESI) rather than using remote
sensing information independently (e.g., NDVI).
• Looking into the future, long-term data continuity of key remote sensing
data sets is critical to ensure informational products are sustained for
operational monitoring systems and routine decision making.

Thank you for you attention!
For further information or question, please
contact:
Brian Wardlow
bwardlow2@unl.edu

Courtesy of Tom Pagano

