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NEWS

Navajo Division of Transportation fights flooding on Navajo Nation :
Monsoonal rains damage 21 Arizona chapters along with 26 chapters in New Mexico and six chapters in Utah

An ongoing emergency
Feb. 27,2014

As drought persists, Navajo Nation must secure its water future

January 3, 2015 Snow 1s pretty; won't redeem lousy water year

July 13, 2015

On_Parched Navajo Reservation, ‘Water Lady’ Brings Liquid Gold

Jun 18, 2018

How off-the-grid Navajo residents are getting running water
Jun 20, 2018



Navajo Nation

* Navajo reservation was established in 1868

* Over 71,000 km?

* Largest land-based tribe in the U.S.
* Primary water source is ground water
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Entities involved with Navajo Water

Navajo Nation Division of Natural Resources
"Land, Water, Power and Quality of Life"

FISH & WILDLIFE

USDA Natural Resources Conservation Service

_’ Arizona

United States Department of Agriculture



Changes in precipitation



Church Rock, NM

July 15, 2018
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Frequency of dust migration and
strength of winds

Chilchinbeto, AZ




Flow in ephemeral and perennial
streams

June 2017 July 2017

Red Valley Wash near Navajo, NM



IC species
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4.000 1
3.500 1
3.000 +
2.500 4
2,000 1
1.500 A1
1.000 4

Deer populations

w—Total

e Fawns
= Bucks

—_—

———————————

2010 2011 2012 2013 2014 2015 2016 2017 2018

Navajo Fish & Wildlife 2018
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Wild Horse
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Wildfires

Sawmill, AZ

June 3, 2018




Mushroom Peak fire
September 2018

*Photo credit: Neil Damon




change in vegetative
cover and possible
alterations in species
composition




U.S. Drought Monitor

Drought Classification

None DO (Abnormally Dry) D1 (Moderate Drought)

November 27, 2018
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D2 (Severe Drought) Mo (Extreme Drought) Mo (Exceptional Drought)

March 5, 2019
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Previous studies

e individual location sites and data collection
dates vary

* few sites have remained operational, but
others have not due to funding
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Crimmins et al., 2013



Hydrometeorological network
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Precipitation Collectors

A) Bodaway, AZ, B) Dennehotso, AZ, C) Shiprock, NM, D) Todacheene Lake, NM, E) Bluff, UT
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NN data collection

Navajo Nation Precipitation Report
Department of Water Resources * Water Management Branch
PO Box 678 * Fort Defiance, Arizona 86504 * Phone: (928) 729-4004 * Fax: (928) 729-4126

MONTHLY AVERAGES (INCHES) FOR ALL RAINCANS IN CHINLE AGENCY

WATER YEAR ocT Nov DEC JAN FEB MAR APR MAY JUN JUL AUG SEP WY Monthly
2000 0.05 0.12 0.41 1.60 0.67 219 0.62 0.22 0.39 0.84 1.77 0.74 3'806
2001 324 0.68 0.83 1.76 1.38 1.35 1.42 1.54 0.79 1.61 262 0.37 1.47
2002 0.32 0.66 1.07 0.37 0.30 0.49 047 0.1 0.03 1.27 0.79 3.03 0.74
2003 1.02 0.96 1.08 0.33 1.85 225 0.58 0.30 0.21 1.1 236 1.55 1.13
2004 1.15 1.12 0.93 0.95 1.35 0.73 1.87 0.12 0.20 1.49 1.15 296 1.17
2005 1.40 1.71 1.17 2.76 3.49 144 1.79 0.36 0.39 0.96 3.03 0.92 1.62
2006 1.29 0.07 0.21 0.71 0.07 147 0.59 0.16 0.39 1.52 245 1.71 0.89
2007 264 0.31 0.96 0.65 1.41 1.39 1.49 1.19 0.22 2.04 218 1.72 1.35
2008 0.16 0.03 276 2.36 1.75 0.03 0.28 0.74 0.43 1.58 1.95 0.75 1.07
2009 0.58 0.87 267 0.53 1.16 0.42 1.20 1.07 0.35 0.79 0.44 0.96 0.92
2010 0.43 0.59 1.55 2.80 1.68 1.19 1.06 0.13 0.15 253 207 1.34 1.29
2011 1.15 0.83 1.20 0.39 0.77 0.69 1.04 0.93 0.01 2.05 1.60 1.72 1.03
2012 1.59 1.67 0.74 0.58 1.13 0.56 0.41 0.09 0.04 215 205 0.86 0.99
2013 0.21 0.48 1.51 2.29 1.19 0.52 0.58 0.37 0.08 1.93 3.22 3.12 1.29
2014 0.63 1.67 0.87 0.15 1.28 0.99 1.05 0.70 0.05 1.77 1.48 1.98 1.05
2015 0.80 0.64 1.55 1.65 282 0.92 0.87 287 1.97 259 1.67

Summary for CHINLE AGENCY (16 detail records)
Average 1.04 0.77 1.22 1.24 1.40 1.04 0.96 0.68 0.36 1.64 1.94 1.58
Minimum 0.05 0.03 0.21 0.15 0.07 0.03 0.28 0.09 0.01 0.79 0.44 0.37
Maximum 3.24 1.71 2.76 2.80 349 225 1.87 2.87 1.97 2.59 3.22 3.12
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Research questions

Are there different hydroclimatic regions on
the Navajo Nation?

Is there a bimodal precipitation regime?
What are the seasonal precipitation patterns?

Are the length and onset of monsoon different
for each region?

What is the major contributor to total annual
precipitation?



Hydroclimate regions of the Navajo Nation
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Average precipitation for all water years (cm)

Precipitation climatology

5 |7 South = North West = Mtns. East = = Avg

Tulley-Cordova et al. 2018, JCWRE



Winter precipitation (cm)

Summer precipitation (cm)
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Year-to-year
comparison

Total annual precipitation (cm)
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Seasonal patterns compared with
climate indices
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Summer
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Inter- & intra- annual precipitation
conclusions

Climatology on NN varies depending on region

Length and onset of monsoon different for each
region

Summer and winter precipitation contributions to
annual precipitation variable

Extremes in winter and summer independent of
each other

Winter precipitation sensitive to PNA

Summer precipitation responds weakly to major
climate modes
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Stable isotopes in precipitation and

meteoric water: Recording the North

American monsoon in Arizona, New
Mexico, and Utah




Why study stable isotopes?

Stable isotope ratios of hydrogen and oxygen can be used to distinguish the
origin of water in precipitation, surface and ground waters

waterisotopes.org
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North American

Monsoon
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North American monsoon region

Hu & Dominguez 2015
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Research questions

 What are the spatio-temporal distributions of
water isotopes in precipitation and associated
waters across the Navajo Nation?

* Are ground waters derived from monsoonal
precipitation?

* Will ground water and associated waters be
sensitive to future changes in the monsoon?



Tulley-Cordova, Putman & Bowen 2018, in prep
39



North American monsoon temporal patterns

40
Tulley-Cordova, Putman & Bowen 2018, in prep



Oxygen-18

2014 2015 2016 2017 All years

Season 50 D d 80 D d 5”0 D d 50 D d §*0 D d
Average -84 -75.3 -82 -109 809 6.1 -44 -390 -3.7 56 404 43 74 570 20

Pre-monsoon SD 55 27.2 191 29 184 86 70 380 212 57 30.2 195 58 347 166
Minimum -18.8 -1382 -52.0 -16.1 -1171 -30.7 -15.5 -113.2 -924 -129 897 -78.7 -16.1 -117.1 -78.7

Maximum 09 -41.6 13.2 -1.7  -31.1 153 14.2 50.8 16.7 9.3 358 206 128 508 206

Average 452 -23 422 64 402 65 408 54 59 427 41

Monsoon SD SO0 232 198 25 197 50 28 196 63 20 175 69 35 206 117
Minimum -12.0 -88.9 -94.5 -15.3 -1126 -185 -12.1 890 -20.2 -11.5 -740 -35.3 -15.3 -1126 -94.5

Maximum 131 157 15.0 09 4.2 148 28 6.3 163 57 247 179 13.1 247 189

Average -10.1 -79.0 20 -85 -52.5 155 -86 -574 115 92 -700 40 91 639 88
Post-Monsoon SD 40 186 176 : b S 2 [ 23 173 39 39 213 166 30 193 128
Minimum -16.4 -1213 -69.7 -115 733 79 -12.1 826 34 -13.8 -1128 -45.2 -16.4 -121.3 -69.7

Maximum 46 -32.8 194 -5.3  -34.7 203 -45 -286 16.7 1.2 -182 189 46 -182 203

Tulley-Cordova, Putman & Bowen 2018, in prep
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Precipitation event sampling
2015 to 2017

LMWL 62H =6.8 * 6180 — 2.2%o

Tulley-Cordova, Putman & Bowen 2018, in prep
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Vapor source for North American monsoon
precipitation

Tulley-Cordova, Putman & Bowen 2018, in prep "



Seasonal

effect on

monthly
precipitation
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Tulley-Cordova, Putman & Bowen 2018, in prep



Altitude effect
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Amount effect
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Relationship of Navajo waters to precipitation

Tulley-Cordova, Putman & Bowen 2018, in prep



Stable isotopic conclusions

Evident monthly and inter-annual temporal patterns
for precipitation.

Weak spatial patterns across the Navajo Nation for
precipitation.

Stable isotopic signature of ground water, springs,
streams, and lakes are more similar to winter than
summer precipitation

Navajo ground waters are less likely to be sensitive to
future monsoonal changes.
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