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1. Introduction and methods 3. Phase II – Exploring the sensitivity of drought indices to non-
stationarity 
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How are we classifying drought? Comparison 
of multiple common indices for drought 
including SPI, SPEI, and EDDI. These are 
compared with a vegetation based remotely 
sensed drought index and the USDM

What datasets are we using? ERA5-Land as 
the historical baseline for hydroclimate 
observations, gridded 10 km USDM, and 
MODIS derived NDVI to generate vegetation 
drought index

4. Phase III – Developing a prototype web-tool for exploring non-
stationarity and drought
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Trend in April – October SPEI (6-month SPEI)

Decadal non-stationarity of the climate can lead to variability in the 

classification of drought events. For example, classification of any 

single precipitation drought event (SPI) (left) can vary from -0.3 to +0.5 

standard deviations dependent on the reference period.  

Non-stationarity in the form of long-term climate trends in temperature (and 

evaporative demand shown right through Western U.S. SPEI trends) also 

introduce uncertainty into the classification of drought events. The question 

arises: are recent droughts more anomalous/severe or is this the new normal?

How do we classify the sensitivity to non-
stationarity? Using a block-bootstrap 
resampling of all possible 30-year reference 
periods, we can estimate the reference 
period dependence of the classification of 
any single drought event’s severity.

Contact: Please feel free to reach out via email Nels.Bjarke@Colorado.edu with 
questions, suggestions, or to connect about potential collaboration.

Fit-distribution of drought anomalies

Gridded time-series of drought conditions 
across the Contiguous U.S.

2. Phase I – Characterizing the landscape of 
drought indices 

Analysis: Difference (WMO minus Period of Record) Users can use the tool to 
evaluate how reference 
period alters the 
perspective of drought 
severity 

24-Month SPI

3-Month SPEI

3-Month SPI

Users can use 
the tool to 
evaluate how 
drought extent 
varies 
dependent on 
reference 
period

We use the CESM-2 Large Ensemble (50 simulations) of climate projections to further investigate how climate non-stationarity changes 

perspectives on drought. Percentages below indicate what percentage or warm seasons (JJA) experience moderate or worse drought 

using a pre-industrial reference period.
Precipitation (SPI) Runoff (SRI) Soil Moisture (SMDI)
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(B) Climate Normal (1991-2020) - EDDI

(A) Period of Record (1951-2020) - EDDI

(C) Difference B minus A

Here we describe the multiple phases of an ongoing 
project within CIRES and the WWA to assess how climate 
non-stationarity influences our understanding of drought. 
Through this work, we seek to evaluate the impacts of a 
rapidly changing climate on drought across the western US 
and communicate our findings with a web-tool.

Observation-based and 
modeled hydrometeorology

During the first phase of this 
project, we leveraged WWA’s 
connections with water 
managers, drought planners, 
scientific experts, and climate 
service providers to gather 
perspectives, questions, and 
needs of stakeholders and 
partners.

Most interacted with drought related content from the WWA Intermountain West Climate Dashboard 
analytics from June 2023 to December 2024

We also leverage results from previous surveys conducted 
by experts in the WWA network to understand how end 
users are using drought information and which indices are 
most commonly applied in planning applications.

Figure 17 from McNie (2014) Evaluation of the NIDIS Upper Colorado River 
Basin Drought Early Warning System.” . Value of product during 2nd quarter 
of water year, January – March. “Use of Drought Indicators and Indices by End Users in Nevada and Utah” (Haigh 2021) 
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