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The Ohio State University occupies 1s the ancestral and contemporary
territory of the Shawnee, Potawatomi, Delaware, Miami, Peoria,
Seneca, Wyandotte, Ojibwe, and Cherokee peoples. I want to
honor the resiliency of these tribal nations and recognize the historical

contexts that have and continue to affect the Indigenous peoples of
WEST VIRGINIA thls laﬁd

WINVATASHMIL

The Region of Interest for this project is the traditional
homelands of various indigenous populations. The original
peoples of New Mexico, Arizona, and Utah — Pueblo,
Navajo, and Apache — since time immemorial, have deep
connections to the land and have made mgmﬁcant contributions
to the broader community statewide. I honor the land and those
who steward the land throughout the generations and
acknowledge my committed relationship to Indigenous peoples.

Image Credit: Navajo Nation
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BACKGROUND INFORMATION

» Emergency planning is the act of preparing for emergencies to reduce losses,
human and environmental.

» Current drought occurrences within North America and the magnitude of drought
impacts reveal the persistent vulnerability of the United States to drought,
specifically in the indigenous community

Continental U.S. (CONUS) Percent Area in U.S. Drought Monitor Categories

Bﬂ:w: Image Credit: U.S Drought Monitor

20.00%

r
4

b=l
-l
=
b=l

E 2 A2 B R OE E T £ E £ & B T x = = T S S

"3 P . "] ) P ] ot P ) Pt ) P R R B
[ o (=] i ] [ ] (=] L] (] (] =] (] L] ] [] L] o (] L (] O (] O [ [ O
o o O ) D O (=] O (=] O —_ — —_ —_ — -y —_ s - — )
o =1, (8 ] tad = w o ~J oo O o - 8 Lad -3 wm o> oo D o 5% Lad =
DO {Abnormally Dry) D1 (Moderate Drought) D2 (Severe Drought) - D3 (Extreme Drought) - D4 (Exceptional Drought)


Presenter Notes
Presentation Notes
Owing to the rise in water demand and looming climate change, recent years have witnessed much focus on global drought scenarios.

Two main topics: Drought identification and Planning for drought

Annual temperatures in the past century have been increasing.

 With a trend of the highest increases in temperature being observed over the last 30 years, these warming temperatures result in high rates of evapotranspiration. 

As such, added water stress on plants and resources have become an emergent concern.

 Various studies of the southwest U.S. region reveal that the notable rising temperatures examined over the past decade parallel with current drought conditions are intensifying drought stress and impacts


STUDY AREA

Location: Navajo Nation
Study Period: 2000 - 2020

This area is a region of flat-
lying sedimentary rock
formations which has been
gently but quickly uplifted

over the last few million years.
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Presenter Notes
Presentation Notes
Located in the four-corner region, The Navajo Nation covers, Utah, Arizona, and new Mexico. To give you a better picture of its size it is comparable to the size of Ireland. 

The landforms between the four sacred mountains are two large basins, the San Juan Basin on the east and the Black Mesa-Holbrook Basin complex on the west, each bounded by uplifts of ancient origins. 


It is a colorful region of sandstone and shale pinnacles, arches, and canyons cut deep into the remains of great Mesozoic deserts and river basins is drained by the Colorado River and its tributaries, the Green River, San Juan River and Little Colorado River.
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Presenter Notes
Presentation Notes
The Navajo homeland was traditionally located between the four sacred mountains of the Navajo, which include Blanca Peak (Sis Naajini) to the east, Mount Taylor (Tsoodzil) to the south, San Francisco Peak (Dook' o' oosliid) to the west, and Mount Hesperus (Dib' Nitsaa) to the north. 


Today, their land lies to the south and west of the historic homeland and is entirely on the Colorado Plateau, but the traditional boundaries of NavajoLand (Din' Bik'yah), within the four sacred mountains, overlapped into the southern Rocky Mountains and Rio Grande Rift. 


4 NAVAJO NATION
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Image Credit: PixBay

» The Navajo Nation was established in 1868 with the promise of
both land and water resources

» |In 2002, the Navajo Nation developed a drought contingency
plan but within the past 20 years no adaptation has occurred


Presenter Notes
Presentation Notes
The Navajo Nation is a federally recognized tribe whose political boundaries lie within Arizona, New Mexico, and Utah, and the characteristics of the lands they inhabit as well as their resource-based livelihoods cause them to be particularly vulnerable to climate change impacts. 

The Contingency Plan was intended to localize and provide guidance to the Chapters and federal agencies whose missions focus on public safety in action to take appropriate action in minimizing drought impacts.

An evaluation of the drought contingency plan was completed by Northern Arizona University in 2013 (CITATION) that found further development of drought identification was needed. This evaluation investigated the current drought monitoring procedures, a 6-month SPI drought index, and found that this was not a sufficient time step to accurately identify all drought statuses and characteristics for the Navajo Nation. 





S
Water Basin Background

N
The Navajo Nation is A

located almost entirely
within the Colorado
River Basin.

Navajo Nation Boundary

However, they are
currently denied access
to the Colorado River.

Sub-basins HUC Level 2
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Presenter Notes
Presentation Notes
The Navajo reservation and is bounded by the San Juan River to the north, the Little Colorado River to the south, and the main stem of the Colorado River to the west.


The Hydrologic cycle

Mass Balance: Input — Output = Change in Storage, A water budget can be used
to help manage water supply and predict where there may be water shortages.

Water Balance Equation: Temperature (T) Precipitation (P)

_ Q — E Z — AS — O Evapotranspiration (ET)
. . . V’.’f ;
P = Precipitation Ti,
mSnowpack
: Surface

Q = streamflow
. . Water
ET= Evapotranspiration Deficit (D)
AS = Change in Storage water
. +
. . . Soil \ Ground
What happens when this does not equal 0 and is negative ? water

Image Credit: NPS/David Thoma
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Presenter Notes
Presentation Notes
Water budgets are tools that water users and managers use to quantify the hydrologic cycle. 


A water budget is an accounting of the rates of water movement and the change in water storage in all or parts of the atmosphere, land surface, and subsurface.


Although simple in concept, water budgets may be difficult to accurately determine. It is important for the public and decisionmakers to have an appreciation of the uncertainties that exist in water budgets and the relative importance of those uncertainties in evaluating how much water may be available for human and environmental needs.


DROUGHT @ A period of abnormally dry weather

sufficiently long enough to cause a serious
hydrological imbalance.”

Climate Natural Disaster: Drought is
characterized by severity, the area
affected, duration, and timing.

American Meteorological Society Definition

e Four main categories of
drought
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Presenter Notes
Presentation Notes
https://nas.er.usgs.gov/hucs.aspx
https://coloradoriverbasin-lincolninstitute.hub.arcgis.com/apps/tracking-drought/explore


DROUGHT &

Meteorological:

d Precipitation Decrease
Q Evaporation Increase

Hydrological:

0 Surface Water Flow
Decrease
O Inflow to water bodies

Agricultural:
O Soil Water Content

Decrease
O Vegetation Stress

Socioeconomic:

[ Resources Decrease

0 Social & Economic
Changes

Anomalies are a
departure from the long-
term climatological mean
values

Drought indices are
mathematical
representation of water
deficit (and excess)
compared to historical
data

Indices can be used to
access these anomalies -
indicate dry or wet
conditions compared to
the climatological
condition
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Presenter Notes
Presentation Notes
For sustainable water management, it is critical to have accurate estimates of water cycle components 


The Standardized Precipitation Index (SPI) @
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The Standard Precipitation Index (SPI) is a drought index singularly based on precipitation,
displaying the probability of precipitation for a chosen time scale.

X = long term precipitation
e X —Xm

g

Xm = mean precipitation SPI =
0 = standard deviation

Previous studies have shown that drought, however, cannot be monitored singularly in the
context of precipitation.

The current Drought Contingency plan in place by the Navajo Nation utilizes ONLY the
SPI index and primarily at a 6-month time scale, large spatial resolution context.



Presenter Notes
Presentation Notes
The SPI is computed by transforming the cumulative probability of precipitation into the standard normal distribution.

 A sequence of negative SPI indicates a dry period, while a sequence of positive values represent a wet spell. It is primarily used to define meteorological drought. 


While this is an easy to calculate index it is not the most representative for every category of drought that affects the Navajo Nation. 


Drought poses noteworthy resource security concerns, with potential for emergent economic risks and financial challenges, specifically for developing economies dependent upon agriculture and water resources



RESEARCH GOALS ? @
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D the SPI tel t
drought across the Navajo Nafion? DRIVING QUESTION:

How can the advancement of remote

. . sensing be used to advance drought
Is there an index that is better than the monitoring and identification?

SPI?




Null Hypothesis '7
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Image Credit: PixBay

The standard precipitation index accurately assesses

drought both spatially and temporally across the
Navajo Nation.

» Current science understands that drought is a complex natural
hazard where no singular index can adequately capture the impacts
across the main categories of drought.



Presenter Notes
Presentation Notes
In the past decade, the science community has been able to access unprecedented new remote sensing data sets for precipitation, snow, soil moisture, land surface temperature, evaporation, total water storage, vegetation, and land cover. 



Current as well as future satellite missions offer opportunities for developing composite and multi-indicator drought identification.



 These satellite observations have opened new avenues in global drought monitoring from different perspectives (e.g., meteorological, agricultural, hydrological, and ecological). 



The advantages of satellite-based sensors relative to traditional ground-based observations include global, near-real-time observations, consistent data records, and improved spatial resolution. 



Though there are vast opportunities, major challenges including data continuity, unquantified uncertainty, sensor changes, and community acceptability arise.



Remote Sensing Refresher

» Remote Sensing - obtaining information about
an object from a distance

» Electromagnetic Spectrum- full range of wave
frequencies of solar radiation
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Presenter Notes
Presentation Notes
Remote Sensing:
The energy Earth receives from the sun is called electromagnetic radiation 
• Radiation is reflected, absorbed, and emitted by the Earth's atmosphere or surface
• Satellites carry instruments or sensors that measure electromagnetic radiation reflected or emitted from both terrestrial and atmospheric sources
• With calibrated instruments, scientists can measure the height, temperature, moisture content (and more) for nearly every feature of the Earth’s systems (atmosphere, hydrosphere, lithosphere, and biosphere)

Electromagentic Spectrum:
Different materials reflect and absorb different wavelengths of electromagnetic radiation
 • You can look at the reflected wavelengths detected by a sensor and determine the type of material it reflected from. This is known as a spectral signature 

Advantages of Remote Sensing:
• Provides information where there are no ground-based measurements exist or are sparse
• Provides globally consistent observations & continuous monitoring
• Earth systems models integrate surface-based and remote sensing observations and provide uniformly gridded, frequent information of water resources data parameters. 


: I mage Credit: PixBa
Satellites and Sensors Image Credit: PixBay
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precipitation and
hermal

Tropical rainfall
Measuring Missioe

5TOLI
([Collection 2)
surface r

o -. » Passive remote sensors measure radiant energy reflected or
g = e | emitted by the Earth atmosphere system or changes in gravity
from the Earth.

» Radiant energy is converted to biogeophysical quantities such
as temperature, precipitation, and soil moisture



Presenter Notes
Presentation Notes
Satellites carry sensors or instruments. The names of sensors are usually acronyms that can include the name of the satellite. 


The satellites and sensors utilized for this study are shown here and are characterized by passive energy sources.


Resolution depends upon satellite orbit configuration and sensor design, different sensors have different resolutions.


Signifies the number and width of spectral bands of the sensor. The higher the spectral resolution, the narrower the wavelength range for a given channel or band.


More and finer spectral channels enable remote sensing of different parts of the Earth’s surface.


The higher the spatial resolution, the less area is covered by a single pixel. Generally, the higher the spatial resolution, the less area is covered by a single image



The time it takes for a satellite to complete one orbit cycle—also called “revisit time”.  Depends on satellite/sensor capabilities, swath overlap, and latitude, Satellites and Earth system models measure and calculate all water cycle components
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Presenter Notes
Presentation Notes
Droughts occur in virtually all climatic zones, such as high as well as low rainfall areas and are mostly related to the reduction in the amountof precipitation received over an extended period of time, such as a season or a year.

Precipitation patterns across the reservation has been heavily studied and provide the basis for drought identification. 

Precipitation in the region is bimodal, divided into two main seasonal wet periods (summer and winter). 

The winter wet season is defined as December to March and the summer wet season as July to September. 

The annual average of precipitation was taken and wet and dry years were identified for comparison. 

It should be noted that all years are technically drought, falling below the worldwide threshold of 250 mm



GOOGLE EARTH ENGINE UTILIZATION
@ Access an Imagery Data

Surface Reflectance

Landsat 8 OLI/TIRS Collection 2 atmospherically corrected
surface reflectance.

@ Apply Algorithm (Index)

Dataset Availability: April 2013-Present

Tier1 Tier 2

Map Over The Image or a
Collection of Images

@ Reduce If Necessary
@ Compute Statistics
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Raster Analysis

Sharing not

LOCGI OperqﬁOn permitted

Pinpoint cells or areas with the

greatest difference Pseudo

Normal Year
Cell-By-Cell Map Algebra:

Raster directly stacked on top
of one another. Then, the — : === Operator
function applies to cells

aligned with each other.




Index Comparison O
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Each index was compared to the SPl across the years
of interest (2002, 2015, 2018, 2020)

Maps were created for each index and a grid was
used to highlight each index in comparison to the SPI

From these grids, areas of significant differences were
able to be highlighted for further study




SPI Accuracy Analy5|s

Difference

Range

B -1.844 - -0.142
-0.141 - 0.467
0.448 - 0.867
0.868 - 1.389

N 1.39-2.59

rrrrrr

Cell -By-Cell Subtraction

Canyons of the
Ancients

nnnnnn

"".i

2002 SPI

Phoenix
o
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Differences in
Drought can be
seen in the orange
to red on the left
mMost map

Where the maps
have similar values
are the green to
blues on the left
Most map

The darkest blue
highlights
differences in wet
condifions
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Presenter Notes
Presentation Notes
-Through Classification, the indices were able to be compared. 

-Differencing of the raster data captures where drought is not the same across the Navajo Nation and indices. 


Not all water cycle components ca easily be measured directly, such as: 
– Evapotranspiration
 – Runoff
 – Water vapor transport 


 NASA satellites and Earth system models measure and calculate all water cycle components





Application @ @
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High VULNERABLE population
concentration in area of severe drought
not captured by the SPI

Colors to note for High Vulnerable
Population and High Drought [Purples]
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Climate change and droughts
negatively impact the
productivity of agricultural
sectors through low crop yield,
damage to pasture/range
land, and a reduction in plant
growth (Hatfield et al., 2011;
Kuwayama et al., 2019).

------

w
-
]
i
F
3

.....

2019 USDA Summary
8 B Number of farms
b ;&g Bl Shape_Area

RN

oo

‘| Represents large area
AND large number of j
fqrms oA, LSS s of Lard Mlamacprmars (P8, WFS

Pasture/Hay, Shrub/Scrub

: e |
2020 NDVI



Presenter Notes
Presentation Notes
Climate change and accompanying droughts negatively impact the productivity of agricultural sectors by causing crop losses, damage to pasture/range, and reduced plant growth (Hatfield et al., 2011; Kuwayama et al., 2019). 

In the United States, they are particularly concerning in the arid Southwest, where agriculture represents an important part of the economies, as well as the culture and traditions of tribal communities




Evaporative Demand
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Presenter Notes
Presentation Notes
Unusually high evaporative demand (E0) can lead to moisture stress on the land surface, and ultimately to drought—even when precipitation has been near-normal 


Once drought has developed, the now-dry land surface makes the air above the surface warmer and drier—which further increases evaporative demand and tends to perpetuate drought conditions


If precipitation exceeds evapotranspiration, there is a water surplus, whereas if evapotranspiration is higher than precipitation then there is a water deficit. 



Evapotranspiration

Sharing not
We cannot accurately describe this change in dryness using precipitation. That requires an permmittec
understanding of water deficit.
Temperature (T)  Precipitation (P)
Evapotranspiration returns water to the atmosphere through
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Presenter Notes
Presentation Notes
Water deficit is the additional amount of water plants could use if it were available. Site conditions, like how much water the soil can hold and which way a hill slope faces, modify the effects of precipitation and temperature. 

We need to account for all these interacting factors that vary at local scales when determining dryness. 


https://nccasc.colorado.edu/sites/default/files/2021-01/EDDI_UserGuide_DRAFTv1_Sep2017.pdf



Water Availability
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Drought is a problem of moisture imbalance
at the land surface: Imbalance, specifically for this area ET and Temperature

are critical for this budget
_Temperatu re (T)

Water Balance Equation: variable values are declining

P-Q-ETlASEO || O3\

P = Precipitation

— Water S
Q = streamflow Deficit (D) - SHOWpPAC r;;:v
ET= Evapotranspiration
AS = Change in Storage Soil

Precipitation (P)

Surface
water

nmet
water need

+
Water Stored in Soil 4 Ground
water

e e e e e e e

Image Credit: NPS/David Thoma



Differencing: Grazing & Pasture Areas
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As expected, due to the orographic

influence, the Higher elevation areas

have weiter conditions
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is less when compared to and
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2002 has the most area in overall

drought

2020 has the most difference in
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Presenter Notes
Presentation Notes

Indirect Impacts of Drought:

“Results [from 1981-2016] show that drought has a larger impact on cattle production than hay production on Navajo Nation, resulting in total economic losses of $8.2 million and $0.4 million for the cattle and hay sectors, respectively.” (Drugova et. Al, 2021)



Agricultural Metrics Comparison

Agricultural production has
been declining

Correlates to decline in
variables in the water
budget

Future work should focus
on ET imbalances
capturing drought

2012

2017

&
&
&
K&

Navajo Nation I - 2012
Number of Farms and Ranches 14,456
Land in farms and ranches, acres 16,971,989

Market value of agricultural products sold, $1,000 $ 92,228
Crops, including nursery and greenhouse crops, $1,000 $ 73215
Livestock, poultry, and their produets, $1,000 £ 19013
Market value of agricultural products sold, Average per farm dollars b3 6,380
b3

Total farm production expenses, §1,000 138,772
Average age of: All operators 58
Navajo Nation 2017
Number of Farms and Ranches 16,129
Land in farms and ranches, acres 212,465

Market value of agricultural products sold, $1,000 $ 87653
Crops, including nursery and greenhouse crops, $1,000 $ 69,354
Livestock, poultry, and their products, $1,000 § 18,299
Market value of agricultural products sold, Average per farm dollars 5 5434
Total farm production expenses, $1,000 $ 163,162
Average age of: All operators 59.5

Image Credit: USDA
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Presenter Notes
Presentation Notes
This data should always be compared against ground data, though, such as plant growth stage, soil conditions, and so on, to be interpreted most accurately. 
These crucial satellite-driven insights can provide growers with enough information to distinguish healthy vegetation from the stressed crops – taking all the proper precautions to keep the yield abundant.



CONCLUSIONS

kNo — more indices are needed Y

« N

A N
Not a singular index captures drought
accurately, Indexes based off

multiple variables like vegetation
\_ndices are better. 4

The definition of drought is variable
across place, time, and discipline.
SPl is not a long-term index and may
miss valuable data related to water
management

The addition of diverse indices
provides more insight for the
development of a further detailed
and tailored drought contingency
plan.
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