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Overview
• Drought: an increasingly damaging phenomena

– Growing population & agricultural stresses for surface & groundwater; 
competition  between urban and agricultural sectors for diminishing water 
supply

– Reduced mountain snow and glacier reservoirs  aggravates water supply 
problem between sectors

• Complex phenomena
– Defined across many time scales, impacting many economic sectors
– Sea surface temperatures (SST), upper level wind patterns, land cover, many 

other factors impact magnitude, severity and frequency of drought
• Scenario objectives

– Monitor & forecast drought indicators
– Assess water and drought conditions and impacts
– Plan for mitigation
– Carry out response strategy
– Consider and address multi-disciplinary and cross-border institutional 

communications and coordination
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The problem of definition

• No universal definition
• Impact/sector specific; region specific
• Drought types

– Meteorological
– Agricultural
– Hydrological
– Socio-economic

• Drought types can occur separately or 
simultaneously



: a deficiency of precipitation

(intensity) from expected or “normal” that extends over 
a season or longer period of time (duration) . . .

Meteorological drought

and is insufficient to meet the demands of human 
activities and the environment (impacts).

Agricultural drought

Hydrological drought

Socio-economic drought



Meteorological Drought



Agricultural Drought



Hydrological Drought



Why Monitor Drought?

• Drought is a normal part of climate
• Drought impacts are significant and widespread, affecting many 

economic sectors
– Agriculture, forestry
– Transportation
– Energy
– Recreation and tourism
– Environment/ecosystems
– Health

• Drought is expensive
– U.S. losses since 1980 have exceeded $100 billion for droughts and 

heat waves
• Impacts can be reduced or avoided through improved decision support



Billion Dollar U.S. Droughts

1980:  Drought/Heat Wave, $55.4B
1983:  Heat Wave, NOT LISTED
1986:  Drought/Heat Wave, $2.4B
1988:  Drought/Heat Wave, $71.2B
1989:  Northern Plains Drought, $1.7B
1993:  Southeast Drought/Heat, $1.4B
1996:  Southern Plains Drought, $6.8B
1998:  South Drought/Heat Wave, $9.5B
1999:  East Drought/Heat Wave, $1.2B
2000:  Drought/Heat Wave, $4.8B
2002:  30-State Drought, $11.4B
2005:  Midwest Drought, $1.0B
2006:  Widespread Drought, $6.2B
2007:  Plains/East Drought, $5.0B
2008:  Widespread Drought, $2.0B

Billion Dollar Wildfire Outbreaks

1991:  Oakland Firestorm, $3.9B
1993:  California Wildfires, $1.4B
1994:  Western Fire Season, $1.4B
2000:  Western Fires, $2.4B
2002:  Western Fires, $2.3B
2003:  S. California Wildfires, $2.8B
2006:  Numerous Wildfires, $1.0B
2007:  Western Wildfires, $1.0B
2008:  U.S. Wildfires, $2.0B



Drought differs from other 
natural hazards

• slow onset, “creeping phenomenon”, a non-event
• difficult to determine drought onset and end
• absence of a precise, universal definition
• impacts are nonstructural and spread over large areas—makes 

assessment and response difficult
• severity and impacts best defined by multiple indicators
• no consistent methodology for assessing impacts or data base for

archiving impacts
• impacts are complex, affect many people, and vary on spatial and

temporal timescales, multiple and migrating epicenters
• mitigation interventions are less obvious
• water shortages increase conflict—regulatory, legal authority 

(interstate and transboundary issues)



An integrated drought monitoring 
system needs to:

• be comprehensive in scope (coupling climate, soil and water 
data)

• incorporate local and regional scale data
• use the best available (multiple) indices and triggering tools
• link index values or thresholds to impacts in multiple sectors
• deliver information to users in a timely manner,  

incorporating user needs in development of decision support 
tools (developing an end-to-end-to-end system)



• Drought policies: national, state or district?
• Data availability : types,  period of record, metadata 
• Planning methodologies: reactive or proactive?
• Stakeholder involvement: user communities-who?
• Traditional or indigenous practices: knowledge base
• Automated weather data networks: use & upkeep
• Use of climate/drought indices: key to understanding
• EWS and information delivery: education & training
• Triggers or thresholds: essential for decision-making
• Mitigation/emergency response actions: defined steps
• Water demand reduction/augmentation: action plan
• Impact assessment methodologies: repeatable process
• Scientific collaboration: teamwork  & cooperation

Information Sharing



Key Indicators For 
Monitoring Drought

• climate data (precipitation, temperature)
• soil moisture
• stream flow
• ground water
• reservoir and lake levels
• snow pack
• short, medium, and long range forecasts
• vegetation health/stress and fire danger



Data Requirements for Drought Monitoring
Needs for the short-term drought problem

1. Develop coordinated effort in drought monitoring, prediction and early warning.
• Use multiple models and analysis techniques to address drought problems in 
coordination with stakeholders

• Long (multi-decade) climate records are needed for historical studies, and are required  
for initialization, calibration and validation

• Global and regional atmosphere/land can be analyzed, with a focus on the 
improved  representation of the hydrological cycle

2. Improved (real-time) observation/assimilation of key surface variables are 
needed for monitoring, model initialization and/or validation (with uncertainty 
estimates):
 precipitation
 surface temperature
 soil moisture profiles for operational monitoring systems
 vegetation properties (e.g., from NDVI, EDVI MODIS data)  
 stream flow
 snowpack



The Value of Data
• Of fundamental importance to drought monitoring risk assessment is 

DATA! Operational monitoring requires reliable weather data in order 
to create reliable products for the end user.

• The components of a monitoring system  include: data sets; metadata; 
data management systems; and, user interface.

• Very often, data bases are obtained from a variety of sources. The basic 
observational elements may be collected at different time resolutions ( 
hourly, daily, etc.) and may include different types of observations. 

• In the U.S. NWS collects observational data over a national network (1st

order stations) while COOP stations also report daily data into the 
system. RCCs, USDA, USFS USGS, US Corp of Engineers, and State 
Gov’ts also collect weather data.



The Value of Data
• The NESDIS/NCDC archived all national data in the US and performs 

some QC on the data. NESDIS also operates and archives satellite RS 
imagery.

• All other regional and state network data bases are archived by the 
managing institutions.

• Metadata is a key issue for data management.
• Over the span of a station history, site relocation, instrument redefinition, 

or  observational changes all require proper documentation.
• Upgrade from manual to AWS; routine or unscheduled maintenance ;

changes in management procedures all need to documented for climate 
history, and to help establish risk management  procedures for weather 
related natural disasters. Metadata is essential for proper interpretation  
of reliable information from the stations.



The Value of Data
• Critical design considerations in a monitoring program include 

accuracy, consistency, and the ability to satisfy user information 
needs.

• Accuracy includes factors such as adherence to accepted practices for 
scientific analysis and correctly identifies interpretation of user needs 
so that the products reflect user-intended results.

• Consistency refers to the ability to accurately regenerate stored 
products, derived from observed elements, when given identical input 
requests.

• The ability to satisfy user information needs is meet by an open
channel of communication with the user community to allow 
feedback, both positive and negative, to constantly respond to the user 
requirements. 



Defining Drought

• Drought indices are the means of identifying, 
classifying, and communicating drought 
conditions.

• Drought indices are used as triggers for 
decision-making in risk management and 
emergency relief decisions.
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Drought Indices
• Meteorological drought: Precipitation deficit. 

Index:  Standardized Precipitation Index
• Hydrological drought: Streamflow or runoff 

deficit
Index: Standardized runoff index

• Agricultural drought:  soil water storage deficit 
Index: SM percentile (to be determined)



Drought IndicesDrought Indices
A drought index is usually a single number, derived form rainfall, snow pack, 
stream flow and other water supply indicators, which is more useful than raw 
data for decision making.

A Drought Index allows quantitative assessment of intensity, duration, spatial 
extent of  anomalous climatic conditions.

A drought index is a communication tool for diverse audiences to better explain 
the complex physiological relationships .

Drought indices provide decision makers with an opportunity to place the 
current drought conditions into historical perspective.

A drought index can be used to trigger certain anti-drought actions.



Drought IndicesDrought Indices

Palmer Drought Severity Index (PDSI) Complex function of rainfall and evaporation. 
Better for large areas of uniform topography.

Standardized Precipitation Index (SPI) Based entirely on rainfall data. Flexible – applies 
to various durations. Measures rainfall deficiency 
in a common currency – standard deviation units. 
Could be used to compare different regions. 
Simple and popular.

Deciles Based entirely on rainfall data. Level of dryness is 
expressed in scores related to cumulative statistical 
distribution of rainfall.

Percent of normal Based on rainfall. Most straightforward. Region-
specific.

Many more exist. New indices continue to emerge.



Drought indices

Numerous drought measures - all have strengths and shortcomings.  Some of the 
most common measures:

• Percent of normal precipitation (problem: non-normal dist.)

• Standardized precipitation index, or SPI (only considers P)

• Crop Moisture Index, CMI - simple water balance, top layer

• Palmer Drought Severity Index (PDSI) - responds slowly, developed for  humid 
eastern half  of U. S.; not responsive in western one-third.

• Deciles or quintiles - lowest quintile “much below normal”, need fairly long, 
stable climate record.



Drought Indices and their Characteristics

Index Data Needed Category
Deciles :                                    Precipitation     M
Rainfall Anamoly Index          Precipitation                                  M
PDSI                                         Precipitation, PET M, A, 
CMI                                          Precipitation, Temperature,                    A

Soil moisture status
Surface Water Supply Index     Snowfall, Precipitation,         H
(SWSI)                                     Stream flow, Reservoirs
PHDI                                        Precipitation,  Temperature,                   H

Soil Moisture status
Soil Moisture Anomaly Index  Soil Moisture, PET, Potential Runoff     A, H
NDVI                                        Satellite  Imagery  A, H

M=Meteorological, A=Agricultural, H=Hydrological,



Wayne C. Palmer, 1916Wayne C. Palmer, 1916--20002000
““Father of U.S. Drought MonitoringFather of U.S. Drought Monitoring””

Senior Portrait,
Nebraska, USA

New York City, 
1943

Wayne Palmer, 
1971



Drought Index Drought Index 
also affords the also affords the 
opportunity to opportunity to 
review past review past 
droughts.droughts.

The PalmerThe Palmer



PalmerPalmer’’s work s work 
allowed allowed 
scientists to scientists to 
compute compute 
drought drought 
severity to severity to 
1895, the 1895, the 
beginning of beginning of 
““reliablereliable””
recordrecord--keeping, keeping, 
although values although values 
prior to 1900 prior to 1900 
are often are often 
discarded to discarded to 
allow the index allow the index 
to to ““setset”” itselfitself..
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USDA Drought Monitoring Activities
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• Historically, USDA has relied on many 
products to help identify drought areas
– rainfall & temperature observations
– drought indices (e.g., PDSI, CMI, SPI)
– soil moisture measurements/models
– reservoir/river levels
– crop progress/condition reports

• No one product adequately depicts all 
drought impacts on agriculture, but 
decision makers need the bottom line



• In 1999, government and university 
scientists began working together to 
produce the U.S. Drought Monitor 
(USDM), a weekly product designed to 
provide a single snapshot of the spatial 
extent and intensity of drought in U.S.

• Drought experts from five agencies are 
responsible for coordinating USDM 
production each week

• On a rotating basis, an individual from 
one of these agencies serves as product 
author for the week, and typically 
authors the product for 2 weeks

U.S. Drought Monitor
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Drought Monitoring Tools
• No one drought index fits all needs.
• Historically, the Palmer Drought Index (PDI) was 

widely used as a benchmark indicator, despite some 
inherent weaknesses.

• From USDA, the PDI was not a suitable drought 
monitoring tool, but there were a number of resources 
available (NWS, USDA, NDMC)

• Even while the USDM was still being tested, it was 
successfully identifying drought areas.

• Thus, USDA began to use the USDM very soon after 
the product was deemed operational for drought 
emergency assistance and policy applications.



• A partnership between the NDMC, USDA and 
NOAA’s CPC and NCDC (authors)

• Incorporate relevant information and products from 
all entities (and levels of government) dealing with 
drought (RCC’s, SC’s, federal/state agencies, etc.) 
(experts)

• The Drought Monitor is updated weekly and 
provides a general up-to-date summary of current 
drought conditions across the 50 states, Puerto Rico 
and the Pacific possessions

The Drought Monitor Concept



U.S. Drought Monitor

• Four agencies involved in its weekly 
preparation: USDA/WAOB, 
NOAA/NWS, NOAA/NCDC, and NDMC 
(University of Nebraska). 



U.S. Drought Monitor

• An operational product developed, tested 
and operationally implemented during 
the term of the National Drought Policy 
Commission.



• A partnership between the NDMC, USDA and 
NOAA’s CPC and NCDC (authors)

• Incorporate relevant information and products 
from all entities (and levels of government) 
dealing with drought (RCC’s, SC’s, federal/state 
agencies, etc.) (experts)

• The Drought Monitor is updated weekly and 
provides a general up-to-date summary of 
current drought conditions across the 50 states, 
Puerto Rico and the Pacific possessions

The Drought Monitor Concept





Coordination between 
government agencies and a 

university

Definition of drought 
severity classes based on 
probability of occurrence

Use of multiple indicators, 
indices, and impacts to 

define drought severity & 
type

Created electronically, 
incorporating expert input 

from field sources

Timely delivery to users via 
the Internet 

Weekly snapshot of drought 
severity and spatial extent



• Each Monday, author consults data 
from numerous sources
– quantitative observational networks
– model output
– satellite and radar imagery
– subjective reports

• Author uses these data to prepare a 
first draft of the USDM for that week

• Draft distributed via email to more than 
275 subscribers, including fellow 
authors and climate and water experts 
from around the country

USDM - Methodology

1st draft

1st draft

1st draft

1st draft

2nd draft

2nd draft

2nd draft

2nd draft

3rd draft

3rd draft

3rd draft

3rd draft

FINAL

FINAL

FINAL

FINAL
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• Members of drought list provide author 
feedback, used to refine USDM

• Through iterative process, author 
prepares and distributes additional 
drafts of the USDM to converge on best 
product possible

• Input accepted through Wednesday
• Finished map and accompanying text 

summary posted every Thursday at 
0830 LT on the USDM web site:

(http://www.drought.unl.edu/dm/monitor.html)

USDM - Methodology
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CA: Dealing with 
the effects of a 3-

year drought

Drought 
persists in 

southern TX 
and has begun 

to expand.

The Southeast: 
an area to 
watch for 

developing 
drought.

Upper Midwest: 
a stubborn 

pocket of dryness



U.S. Drought Monitor
Integrates Key
Drought Indicators:

- Palmer Drought Index
- SPI
- KBDI
- Modeled Soil Moisture
- 7-Day Ave. Streamflow
- Precip. Anomalies

Growing Season:
- Crop Moisture Index
- Sat. Veg. Health Index
- USDA Soil Ratings

In The West:
- SWSI
- Reservoir levels
-Snowpack

Created in ArcGIS



Environmental Data to be considered  for 
Drought Analysis

• Environmental data 
– Precipitation
– Soil moisture indices 
– Drought indicators 

• Palmer Indices
• SPI (standard precipitation index)
• VHI (vegetation health index)
• SWSI (surface water supply index)

– Snow water content and snow depth 
– Stream flow, lake and reservoir levels, and groundwater status
– Soil and air temperature 
– Humidity 
– Wind speed and direction 
– Solar radiation 
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US Drought Monitor (USDM) Authors import 
Precip data into GIS;  

This product is the Multi-sensor Precipitation 
Estimator (Gauge & Radar)



Authors can overlay ” Drought 
Layers to see if any drought areas 

rec’d beneficial rainfall



Various precipitation products are used; 
Here, 90-day percent-of-normal rainfall is 

depicted. 



Percent of Normal can be deceiving; 
The Western U.S. PNP appears dry, but this 
Precip Departure plot shows that deficits are 

negligible because it is the dry season.



Wx data from the NWS is provided on numerous 
timescales (180-day depicted here), since drought 

occurs on numerous timescales.



Pcp Departures out to 180 Days are quite high in 
the Delta.  Another product helps to put it into 

perspective (in GIS)…



The Standardized Precipitation Index (SPI) is also 
available in GIS for USDM authors



The Standardized Precipitation Index (SPI) is a way of 
measuring drought that is different from the Palmer 
drought index (PDI). The SPI is a probability index 

that considers only precipitation.



GIS data is supplied to USDM authors from 
numerous sources, including the US 

Geological Survey (Streamflow Percentiles).



GIS allows authors to interpolate data to 
provide a clearer image of drought areas.



The NWS’ Environmental Modeling Center 
provides gridded soil moisture data 

(model-mean percentile shown here).



Again, layers can be turned on and off for 
easier viewing and editing of the USDM 

Drought Layers



Global datasets include the Vegetation Health 
Index (VHI) developed by NESDIS.



WMO Weather station data are one source 
of temperatures,  with a dense network of 

COOP data as well 



The location of daily weather  records is 
also available in GIS, assisting author’s in 

their final analysis and write up.



While the USDM is not a forecast product, part of 
the process includes a “Looking Ahead” section, 

where GIS forecast data is useful.



• What types of data are available for drought monitoring?

• Are data being archived for drought analysis?

• Discussion of metadata?



Components of Drought for 
Risk Management

(social factors)(natural event)
Climatology, 
Probabilities, 
Forecasts

Population growth and shifts
Urbanization
Technology
Land use practices
Environment degradation
Water use trends
Government policies
Environmental awareness



The Cycle of Disaster Management







Corn Yield in Nebraska
Key Variables—Dryland

• Preseason precipitation, September 1 to 
planting

• Temperature stress days (days over 95oF 
between ear formation and denting)

• Precipitation during reproduction and 
grain fill



Corn Yields for Nebraska, 1950–2005
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Corn Yields for Iowa, 1950–2005
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Corn Production in the Western Corn 
Belt/Great Plains: Future Concerns

• Water supply, irrigation is ground water dependent
• Corn is a high water demand crop
• Drought frequency, severity, and duration—

temperature trends, stress days
• Conflicts from multiple water use sectors

– Agriculture, urban vs. rural, environment values
– Regional/transboundary water disputes, interstate conflicts
– Overdevelopment/overappropriation leading to regulated  water 

use and moratoriums on water development



USDA Perspective of Agricultural Drought

• Needs for research, operational applications, and the integration of 
decision-making products into risk assessment that require accurate 
and timely weather and climate information.

• Examples include:
– Agricultural yield and productivity (NASS, FAS, OCE)
– Natural resource conservation (NRCS)
– Forest fire potential (FS)
– Reinsurance and compliance programs (FSA)
– Crop disaster assistance / emergency relief programs (FSA)
– Integrated pest management (ARS, ES)
– Crop yield modeling (ARS, ES)



Background InformationBackground Information

World Agricultural Outlook Board

The United States Department of Agriculture has numerous interests 
in the field of weather monitoring and impact assessment:

Global Monitoring 
and Assessment

Ground Truth for
Remote Sensing

Crop Insurance           
Western Water 
Supply Forecasting Research

Fire Weather
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Merging USDM and Agricultural data



USDM Agricultural Weather Products – Maps

Agricultural Weather AssessmentsAgricultural Weather Assessments
World Agricultural Outlook BoardWorld Agricultural Outlook Board



USDM Agricultural Weather Products – Time Series
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USDM Agricultural Weather Products – Bar Charts
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Case Study

Drought impacts on Georgia 
cotton production in 2008…



Time Series Analysis – Precipitation
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Increasing dryness in
southeastern U.S.



Precipitation – Percent of Normal
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Percent of Normal
< 25 %

  25 - 50 %
50 - 75 %

 75 - 100 %
100 -  150 %
150 -  200 %
200 -  400 %

> 400 %
Precip. = 0

Percent of Normal
< 25 %

  25 - 50 %
50 - 75 %

 75 - 100 %
100 -  150 %
150 -  200 %
200 -  400 %

> 400 %
Precip. = 0

United States
Percent of Normal Precipitation
May 15, 2008 - August 15, 2008

                                                                                                                          
USDA World Agricultural Outlook Board

Based on preliminary
 National Weather Service

  Cooperative Observer data
Data provided by:

  NOAA Regional Climate Centers

Driest areas are interior
portions of the southeast



Time Series Analysis – Temperature
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Warmer-than-normal weather
exacerbates dryness



Soil Moisture Estimates – CPC Leaky Bucket Model
• Soil moisture estimated using simple 

one-layer hydrological model
– inputs:  precipitation, temperature
– model calculates:  soil moisture, 

evaporation, runoff
– PET from adjusted Thornthwaite
– runoff parameterized using 

Oklahoma stream data

• Simplicity facilitates global analysis
– more complex models likely replace 

model in future (e.g., NOAH)

Agricultural Weather Assessments
World Agricultural Outlook BoardWorld Agricultural Outlook Board

http://www.cpc.ncep.noaa.gov/soilmst/leaky_glb.htm



CPC Soil Moisture Model
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Soil moisture declining, as
evidenced by increasing
soil moisture anomalies



USGS Streamflow Conditions – Computed Runoff
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July 2008

Streamflows declining,
now in lowest percentiles

May 2008



Palmer Drought Severity Index
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PDSI indicates
intensifying drought



Crop Moisture Index
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CMI also indicates
intensifying drought



U.S. Cotton Map
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Cotton is a major commodity
in the southeastern U.S.



U.S. Cotton Map – Georgia
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Drought impacting one of the
major cotton producing states



U.S. Cotton Map – Crop Progress
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Most of Georgia cotton
has set bolls



U.S. Cotton Map – Crop Conditions
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Crop conditions deteriorating 
because of intensifying drought



USDM 12 August 2008
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Worst of drought outside
of major cotton areas…

…but cotton still 
impacted by drought
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Focus on Georgia

USDM 12 August 2008



Georgia – USDM 12 August 2008

Agricultural Weather AssessmentsAgricultural Weather Assessments
World Agricultural Outlook BoardWorld Agricultural Outlook Board

In 2008, question was how 
will drought impact GA cotton
production?



Georgia – USDM time series
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Use time series to identify other drought years

Drought
(2000)

Drought
(2002)

Drought
(2007)



Georgia – Cotton Yields & Trends
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Trends show that yields have been
improving during the past ten years



Georgia – Cotton Yields & Trends
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Drought
Drought

Drought

Yields are below trend
in drought years



Georgia – Cotton Yields & Trends
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Drought
Drought

Drought

Hurricanes
Not all yield reductions
due to drought though



Georgia – 2008 Forecast Cotton Yield
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Forecast yield estimated
from average deviation
from trend (-60.9 pounds)
during drought years 

Drought
Drought

Drought



Georgia – 2008 Final Cotton Yield
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Actual yield slightly
better than forecast 

Drought
Drought

Drought

Forecast yield estimated
from average deviation
from trend (-60.9 pounds)
during drought years 



Combining USDA & USDM Information 
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Key to improving analyses is overlaying data,
enabling users to better focus assessments 
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Combining USDA & USDM Information 

Can better visualize event and
calculate percent area impacted 
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Combining USDA & USDM Information 
Can rank states from most
to least productive based
on crop statistics…

…and examine & compare
percent of cotton impacted
in each state
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Combining USDA & USDM Information 

Time series illustrate how
drought has evolved in U.S.
and individual states



Drought Monitoring

Q. Is PDSI suitable for your country needs?

Q. Can one drought index satisfy all user 
needs?

Q. Is a composite drought index a feasible 
solution for your country?



Thank you!


