
Arizona 
Drought 

Monitoring

North American Drought Monitor Workshop
October, 2006

Gregg Garfin, Program Manager
CLIMAS/ISPE
University of Arizona



Goals of PresentationGoals of Presentation
• Introduction to Arizona drought monitoring
• Discussion of methods
• Local drought impact group program
• Plans for the future

• Acknowledgements: Thanks to the Arizona Drought 
Monitoring Technical Committee,  Statewide Drought 
Program, Arizona Cooperative Extension, and the SAHRA 
NSF center for some of the material presented here. Special 
Thanks to Andrea Ray (NOAA) for delivering the 
presentation at the NADM Workshop.



Arizona Drought Monitoring 
Technical Committee – “MTCMTC”

• State, Federal, University, and Private agency 
experts

• Meet monthly
– Report to Director of Arizona Department of 

Water Resources
– Reports are published on website: 

http://www.azwater.gov/dwr/drought/MTC.html
– Discuss drought issues, improvements to 

methods and communication



Arizona Drought Monitoring 
Technical Committee – “MTCMTC”

OFFICE OF THE ARIZONA 

STATE CLIMATOLOGIST



MTC Monitoring

Much of our indicator/trigger method is based 
on work by Anne Steinemann (Univ. Washington) 
and can be found in the publication:

Steinemann, A.C., and L.F.N. Cavalcanti, 2006: 
Developing Multiple Indicators and Triggers for 
Drought Plans. Journal of Water Resources Planning 
and Management, 132(3): 164-174.

DOI: 10.1061/(ASCE)0733-9496(2206)132:3(164)



MTC Monitoring Philosophy

We monitor drought at a regional level – to get 
the initial “big picture”

We calculate and display drought status for two 
time periods:

Short-term (< 12 months)
Long-term (12-48 months)



MTC Monitoring Philosophy

We use precipitation (SPI) and streamflow data 
as drought indicators, from 1975-present

Because this time period gives us the most 
stations and gages with the fewest missing 
data 

But, we consult other indicators to add spatial 
detail and to corroborate SPI and streamflow

These other indicators are included in our 
monthly reports

Reservoir levels, vegetation health, snow, etc.



Spatial Resolution 2004-2005

We used to use NOAA 
climate division data
• Easy to access and 
use
• Divisions follow 
political boundaries
• Universally disliked by 
stakeholders

Map: NOAA Climate Prediction Center



Spatial Resolution 2006
Now we use surface 
watersheds

• Still large regions

• Still plenty of data 
gaps (northeastern 
Arizona)

• Watersheds add 
credibility compared 
to political 
boundaries

• The jury is out on 
whether this is really 
an improvement

Map: AZ Dept. of Water Resources



AZ Drought Triggers

Triggers are specific values of the indicators 
that initiate and terminate drought status 
levels and management responses

Level Description Percentile
0 No Drought 40.1-100.0%
1 Abnormally Dry 25.1-40.0%
2 Moderate Drought 15.1-25.0%
3 Severe Drought 5.1-15.0%
4 Extreme Drought 0.0-5.0%



USDM Drought Triggers

Level Description Percentile

0 No Drought 31-100%

1 Abnormally Dry 21-30%

2 Moderate Drought 11-20%

3 Severe Drought 6-10%

4 Extreme Drought 3-5%

5 Exceptional Drought 1-2%

The monitoring committee recommended using the USDM 
levels, but the Drought Task Force thought there were too 
many levels, and that it would be too confusing to the public.



Drought Trigger Goals
We are monitoring for drought management, 

so our approach is conservative
We want rapid detection going into drought (no 

lags)
But we are cautious coming out of drought –

we don’t want status to jump rapidly, based on 
short-term anomalies

Drought amelioration criteria – requirement 
that drought status move in a positive 
direction for multiple months before 
decreasing drought status



Drought Trigger Goals
We strive for consistency with historical 

impacts
In 2004, we checked this in two ways

Through a stakeholder assessment, 
based on their operations

Through subjective assessment by the 
MTC



Drought Trigger Steps

Rank raw data = “percentiles”
Assign each indicator a status level, based on 

the match between indicator percentile and 
trigger intervals

Average the drought status levels and round 
up

Apply amelioration criteria, if necessary
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Jul-03 2 1 2 2 Jul-03 4 1 2 2 2 1 2 3 2 2 2 3
Aug-03 2 1 2 2 Aug-03 4 1 2 2 4 4 1 2 2 4 2 3
Sep-03 2 3 2 3 Sep-03 4 2 3 2 4 4 1 2 2 4 3 3
Oct-03 2 3 2 3 Oct-03 4 2 3 2 2 3 3 2 2 3 3 3
Nov-03 1 2 2 2 Nov-03 4 3 3 2 2 3 3 3 2 3 3 3
Dec-03 1 2 2 2 Dec-03 3 3 2 2 2 2 3 4 2 3 3 3
Jan-04 1 2 2 2 Jan-04 3 3 2 2 2 2 3 4 2 3 3 3
Feb-04 1 1 2 2 Feb-04 3 3 2 2 1 1 3 4 2 3 3 3
Mar-04 1 1 2 2 Mar-04 3 3 2 2 1 1 2 4 2 2 3 3
Apr-04 0 1 2 1 Apr-04 3 3 2 0 0 0 2 3 2 2 3 2
May-04 0 0 1 1 May-04 2 3 1 0 0 0 1 3 2 2 3 2
Jun-04 0 0 1 1 Jun-04 2 3 1 1 1 0 1 3 4 2 3 2

Short-Term Long-Term

Indicators and Triggers
Example: Southeastern AZ

SPI 3, 6, 12 month averaged to get final short-term level

Note: Example is from 2004
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Jul-03 2 1 2 2 Jul-03 4 1 2 2 2 1 2 3 2 2 2 3
Aug-03 2 1 2 2 Aug-03 4 1 2 2 4 4 1 2 2 4 2 3
Sep-03 2 3 2 3 Sep-03 4 2 3 2 4 4 1 2 2 4 3 3
Oct-03 2 3 2 3 Oct-03 4 2 3 2 2 3 3 2 2 3 3 3
Nov-03 1 2 2 2 Nov-03 4 3 3 2 2 3 3 3 2 3 3 3
Dec-03 1 2 2 2 Dec-03 3 3 2 2 2 2 3 4 2 3 3 3
Jan-04 1 2 2 2 Jan-04 3 3 2 2 2 2 3 4 2 3 3 3
Feb-04 1 1 2 2 Feb-04 3 3 2 2 1 1 3 4 2 3 3 3
Mar-04 1 1 2 2 Mar-04 3 3 2 2 1 1 2 4 2 2 3 3
Apr-04 0 1 2 1 Apr-04 3 3 2 0 0 0 2 3 2 2 3 2
May-04 0 0 1 1 May-04 2 3 1 0 0 0 1 3 2 2 3 2
Jun-04 0 0 1 1 Jun-04 2 3 1 1 1 0 1 3 4 2 3 2

Short-Term Long-Term

Indicators and Triggers
Example: Southeastern AZ

SPI 24, 36, 48 month + various unregulated streams
averaged to get final long-term level

Note: Example is from 2004



Long-term Drought StatusShort-term Drought Status

September 2006 
(data through 
August 31, 2006)



Corroborative Data
We always use a two-step process

We examine the calculated drought 
status

Then we consult additional data 
sources, in order to corroborate drought 
status and add spatial precision

Examples:
Snowpack reports 
Range and pasture status reports
Satellite vegetation health 



LDIGsLDIGs: Local Drought Impact Groups

Volunteer groups, coordinated by county 
cooperative extension and county emergency 
management to: 
They identify local drought-related impacts

Provide drought impact data to MTC
Define and assess

societal impacts, severity, associated costs
Identify response options and needs
Identify and facilitate efforts to mitigate impacts



PartnershipPartnership



LDIGs & Drought Monitoring
The link between numbers that the experts look 
at and impacts that people experience

MTC gets information on 
Instantaneous conditions (our reports 

usually lag current conditions by 15-20 day)
Local impacts
Quantitative precipitation totals through 

volunteer rain log networks
- Improved spatial information

Verification of calculated drought status



http://www.rainlog.org/usprn/html/main/maps.jsp

Rainlog.org (created by SAHRA and 
Arizona Cooperative Extension)



http://www.rainlog.org/usprn/html/main/maps.jsp

This is the Tucson region
with the Santa Catalina Mountains, Rincon Mountains



http://www.rainlog.org/usprn/html/main/maps.jsp

Many observers in the urban area



This is the Nogales region with the U.S.-Mexico border
We are now recruiting more rural observers



Each rainlog observer reports precipitation values.
By clicking on an observer’s site, you can get year-to-date 
precipitation.





Drought impact monitoring strategy
Systematic qualitative monitoring of selected 

locations

LAIAGs & Drought Monitoring



Drought impacts monitoring variables
Hauling water, water conveyance issues
Seeps, springs, stock ponds
Soil conditions
Range impacts

LAIAGs & Drought Monitoring



Drought impacts monitoring variables
Vegetation condition

Indicator species
Water table declines
Wildlife
Subsidence

LAIAGs & Drought Monitoring



Drought Impact Report System

Website: Arizona Cooperative Extension



We also conduct drought “capacity building”
workshops with the LDIGs

We discuss drought history with them
Examine tree-ring drought reconstructions
Discuss ocean-atmosphere causes of 

drought
Introduce them to online drought resources
USDM, NCDC climate monitoring, Local 

NWS resources, NRCS SNOTEL, etc.

Participants include ranchers, farmers, 
water providers, land managers, interested 
citizens

LDIGs & Drought Monitoring



Sensitivity analysis of indicator/trigger system
Which stream gages should be short-

term drought indicators? – In progress 
through USGS

Can we reduce redundancy in 24-, 36-, 
48-month SPI for long-term drought?

Plans for the Future



Implement South Carolina drought tools – in 
progress – (through CLIMAS, ADWR, NWS)

Allows users to see status of their 
favorite drought indicator(s), at various 
spatial scales and groupings (such as 
county, watershed, climate division)

Plans for the Future



Provide longer-term perspectives on drought
Contrast current drought status with 

status for stations with longer records and 
with tree-ring records of winter 
precipitation

Add groundwater indicators – in progress 
(through the efforts of Arizona Department of 
Water Resources)

Plans for the Future



Merge drought and flood warning websites –
in progress – (ADWR and NWS Phoenix are 
leaders)

Work more closely with Native Nations
Proposal submitted to assess Navajo 

Nation hydromet system – opportunities 
for data sharing

Leaders: CLIMAS, State Climate Office, 
Northern Arizona University

Plans for the Future



Sample of Arizona MTC 
Monthly Drought Report
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