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COMMUNITY CONCERNS

Climate trends 

lead to shorter 

hydroperiods

Increased stress 

on organisms

Key feature for 

the Tohono 

O'odham 

Nation

Biodiversity 

hotspots with 

limited research

Image Credit: Susan Washko; NPS (right)



PARTNERS

National Park Service, Organ Pipe 

Cactus National Monument

Ami Pate, Geographer | End User

The University of Arizona

Susan Washko, Ph.D. Candidate| Collaborator

Image Credit: NPS



OBJECTIVES

 Generate climatology time series for Organ 

Pipe Cactus National Monument to support 

conservation

 Produce climatology maps and analyze 

climate patterns to identify areas most 

susceptible to change

 Quantify wet and dry periods in study area 

through a hydroperiod trend analysis

Image Credit: Susan Washko (top); NPS



NASA SATELLITES & ANCILLARY DATA
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STUDY PERIODS

1979 2022

2002 2022

20222019

Climatology Maps 
and Timeseries

Hydroperiod

Trend Analysis

gridMET

MODIS
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METHODOLOGY: LONG-TERM CLIMATOLOGY

Import MODIS and gridMET Data in Python using GEE API

Filter to Study Periods & Area

Reduce to Means & Perform Scale/Unit Conversions

Data Frames for Time Series geoTIFFs for Maps



RESULTS: CLIMATOLOGY TIME SERIES
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RESULTS: CLIMATOLOGY MAPS

Average ET Change (kg/m2)

Period = 2012-2021 minus 2002-2011

Average Minimum Air Temperature Change (°F) 

Period = 2012-2021 minus 2002-2011
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METHODOLOGY: HYDROPERIOD TRENDS
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Alamo South Tinaja in 
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Base map: ESRI World Terrain Base, Google Satellite
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METHODOLOGY: HYDROPERIOD TRENDS
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METHODOLOGY: HYDROPERIOD TRENDS

Frequency & Duration 

of Hydroperiods

Calculate 

hydroperiod patterns

Seasonal and 

monthly time series 
analysis

Climatology Variable 

Analysis

Plot climate

variables over 

time with in situ data

Nonparametric trend 

analysis
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RESULTS: HYDROPERIOD TREND ANALYSIS

The number of days a tinaja was wet/month had the strongest correlations 

with monthly averages of evapotranspiration and precipitation.
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RESULTS: HYDROPERIOD TREND ANALYSIS
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CONCLUSIONS & END USE

CLIMATOLOGY

Rates of 

warming and 

drying are 

increasing 

rapidly in the 
Sonoran Desert

HYDROPERIODS

Feasible to 

correlate 

hydroperiods 

with ET and 

precipitation 
data

MANAGEMENT

In situ data 

combined with 

EOs can inform 

tinaja 

management 
priorities

Image Credit: Susan Washko



LIMITATIONS AND UNCERTAINTIES

Short temporal resolution

of in situ data and some 
climate variables

Small geographic scope

within OPCNM

Other contributing 

variables not considered

Image Credit: NPS



FUTURE WORK

Expand study area to consider 
regional geographic diversity

 Include additional variables in 

analyses

Model future hydroperiods

Image Credit: Susan Washko
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ANOMALY TIME SERIES

R² = 0.007
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R² = 0.1224

R² = 0.4444
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ANOMALY TIME SERIES

R² = 0.0353
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ANOMALY TIME SERIES

R² = 0.0338
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ANOMALY TIME SERIES

R² = 0.3715
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