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Drought in the United States
● Drought has significant impacts on communities 

across the country

● National risk mitigation efforts are in place to help 

communities impacted by drought 

● Financial assistance is very important to sustain 

our national agrosystem through periods of 

abnormal dryness

● Drought monitoring and reporting trigger 

economic relief programs 

8/16/2021 - Garfield County, MT 
Source: MT Drought Impact Reporter

8/4/2021 - Chouteau County
Source: MT Drought Impact Reporter
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Drought Assessment using Drought Metrics
● Drought is abnormal dryness — it is a relative, 

temporary, and cyclic phenomena

● Use historical conditions to help contextualize 

current conditions - i.e. reference periods

● Conventional methods prefer long periods of record

○ Considered more robust as they include a wider 

range of events

● But what if the distribution is changing in time?

● If aridity becomes the new norm, is it still a drought?
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Major Questions
Q1:  How much data is needed to compute drought metrics?

Q2:  Do long climatology lengths (reference periods) bias 

drought severity assessment?
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Conceptual Model
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The Climate of the U.S. is Non-Stationary
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Methods, Data and Analysis (Q1)

Question #1: How much data is needed to compute drought metrics?

Method: Monte Carlo simulation to estimate drought metric error

- Stationary climate assumptions (initially)

- Quantify the relative change in error using short - long record lengths. Here 

we will use the Standardized Precipitation Index (SPI) to describe drought 

metric error

- Non-stationary climate simulations using observed climate velocities
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Testing Conventional Assumptions - Climatology Length
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Is This Parameter Specific?
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Drought metric error is relatively low with 

short climatology lengths (~30 years)



Climate change and reference periods — Why do we care?
- Drought is a relative phenomena, in space and in time 

- Without a shifting reference frame some places may eventually be in 
perpetual drought (or water “surplus”)

- Shifting reference frames in climate science are common 
- Critical to describe realistic expectations of climate variability
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Have we already shifted to the new normal for drought?
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Drought Metric Error  (Non-Stationary)
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Error is Site and Timescale Specific
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Statistical 
Needs

Representation 
of Current 
Conditions

Adaptive Drought Assessment Requires Balance
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Methods, Data and Analysis
Question #2: Do long climatology lengths bias drought 
assessment?

Method: Compute daily time series of SPI using different 
reference periods

- Longest (Period of Record) climatologies versus 
contemporary 30 year climatologies

Sites: 1934 GHCN sites with > 70 years of complete rainfall 
time series 

- Daily SPI for June 1st - August 31st, 1991-2020

- Total of 4,907,001 probability distributions
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Drought metric bias due to climate change
Comparing daily drought metric bias from 1991-2020

BIAS = SPIPOR - SPI1991-2020   (Period of Record [POR] represents >70 years)
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Drought bias exceeds +/-1 class during severe drought
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Recommendations?

● Leverage the 30 year “normals” concept in drought assessments

● Align drought assessment with contemporary conditions

● Develop targeted climate adaptation programs where drought is changing



Drought monitoring impacted by aridification
● Under stationary assumptions, drought severity is exaggerated in 

locations that are experiencing aridification, and underrepresented in 
locations that are getting wetter.

● This concept applies to other metrics commonly used in drought 
assessment.

● Shifting to 30-year drought climatologies achieves the following goals:

a. Drought assessment will better reflect “current day” drought risk to 
affected communities;

b. Greater standardization across datasets with differing periods of 
record;

c. Better accounting for climate change into the future.
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Thank You!
Zachary Hoylman

zachary.hoylman@umontana.edu 
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