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Abstract
Indigenous communities on reservation lands across the USA continue to demonstrate their 
leadership in climate resilience through active engagement in co-producing interdiscipli-
nary solutions to adaptation. These initiatives, however, often ask Indigenous peoples to 
provide knowledge and resources to assist with adaptation efforts beyond their commu-
nities, which can limit their capacity to act locally. Trusting their expertise, we utilize a 
participatory research approach that asks tribal government employees, agriculturalists, 
researchers, and outreach professionals to prioritize the climate information and data they 
perceive as necessary to enhance the climate resilience of water resources of Indigenous 
communities. In doing so, this study provides empirical evidence specific to the climate 
adaptation needs of Indigenous communities on reservation lands in the arid southwestern 
USA. Study respondents prioritize climate information and data that serve to assess local 
climate change impacts, enhance food security, and integrate and protect the traditional 
knowledge of their communities. In this arid and predominantly rural region, respondents 
prioritize water quality data as their highest need followed by streamflow and air tempera-
ture data. They most frequently access their respective tribal government sources of cli-
mate information and data. These results indicate that localized climate data and infor-
mation are highly prioritized. Future research and action to alleviate information and data 
gaps should account for the relevance, accessibility, and protection of these resources while 
prioritizing methods that ensure Indigenous sovereignty and self-determination rather than 
knowledge extraction.

Keywords Indigenous communities · Climate adaptation · Water resources · Traditional 
knowledge · Needs assessment

 * Loretta Singletary 
 singletaryl@unr.edu

 Helen Fillmore 
 fillmoreh@unr.edu

1 Extension, University of Nevada-Reno, Reno, NV, USA
2 Extension and Department of Economics, University of Nevada-Reno, Reno, NV, USA

Climatic Change (2021) 169: 37

/Published online: 27 December 2021

http://orcid.org/0000-0001-9521-034X
http://orcid.org/0000-0002-7118-7998
http://crossmark.crossref.org/dialog/?doi=10.1007/s10584-021-03285-9&domain=pdf


1 3

1 Introduction

Warming atmospheric temperatures coincide with decreasing water availability in the 
southwestern USA, which compound aridity issues already associated with this desert 
region (Hoerling et al. 2019; MacDonald 2010; Miller et al. 2021; Seager et al. 2013; Udall 
and Overpeck 2017). Climate impacts on water resources include increasing severity and 
frequency of drought and/or monsoonal flood events, diminished annual snowpack, earlier 
snowmelt, and higher evapotranspiration rates (Fritze et  al. 2011; Li et  al. 2017; Miller 
and Piechota 2011). These changes pose unique adaptation challenges for Indigenous com-
munities, as they threaten the complex interconnections between Indigenous people and 
the natural systems in which they coexist (Jantarasami et  al. 2018; Mayer et  al. 2019). 
Warming air temperatures may degrade habitat conditions necessary for sustaining cultur-
ally important native plants and wildlife, which threatens traditional agricultural and sub-
sistence practices (Burnette et al. 2019; Elias et al. 2019; Redsteer et al. 2018). Declining 
water availability stymies the development of economic industries, such as irrigated com-
mercial agriculture and rural tourism, and it may also limit regional capacity to sustainably 
meet water needs for population growth (Steele et al. 2018). Projected changes to climate 
and water resources pose significant threats to Indigenous communities as such changes 
will impact key infrastructure and economic sectors and threaten cultural resources and 
community health and well-being (Credo et al. 2019; Donatuto 2011; Mayer et al. 2019; 
Stanley et al. 2017).

Indigenous communities retain unique place-based interdependencies between their 
physical environments and the cultural, political, and spiritual makeup of their societies 
(Ellis and Perry 2020; Maldonado et al. 2016; Whyte 2018a). Shifts in physical environ-
mental systems due to climatic changes will undoubtedly force shifts in social environmen-
tal systems, yet these unique inter-relationships may present opportunities for Indigenous 
communities to implement sustainable adaptation measures that originate in traditional 
knowledge (Long and Steel 2020; Thomas et al. 2018). That is, Indigenous communities 
are among the first to initiate and actively engage in climate adaptation initiatives across 
the USA (Cozzetto et al. 2013; Jantarasami et al. 2018). As compared to non-Indigenous 
communities, Indigenous communities have more readily recognized and acknowledged 
evidence of climate change impacts (Smith et  al. 2014). This may be due—in part—to 
long-established relational ethics systems linked to the protection of ecological services 
and strong communal relationships inherent to Indigenous communities (Fillmore 2017; 
Martin et al. 2020). Both attributes provide a strong foundation for successfully carrying 
out community-based adaptation processes (Maldonado et  al. 2016). Indeed, Indigenous 
recognition of climate change impacts on their communities may inspire and characterize 
future public policies that aim to mitigate or adapt to climate change impacts generally 
(Gurney et al. 2020).

As Indigenous communities continue to demonstrate proactive approaches to adaptation 
in the face of climate vulnerability, increasing efforts are underway to involve Indigenous 
communities and Indigenous traditional knowledge in climate adaptation research (Ford 
et al. 2018; Petzold et al. 2020). In a meta-analysis of climate adaption research involving 
Indigenous communities, Petzold et  al. (2020) found that this body of research primar-
ily focuses on environmental observations, environmental uses, governance, and cultural 
perspectives rather than capacity-building. Further, Indigenous communities increasingly 
call for research ethics protocols that ensure the avoidance of the inadvertent extraction, 
dissemination, and misappropriation of Indigenous traditional knowledge (Gautam et  al. 
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2013; Klenk et al. 2017). At a minimum, research protocols should maintain free, prior, 
voluntary, and informed consent of participants, give proper credit to participants engaged 
in the collaborative co-production of new knowledge, and tailor research protocols to be 
relevant to those communities who voluntarily participate in such research (Chief et  al. 
2016; Gettelsohn et al. 2018).

Participatory research methods aim to engage communities directly in co-identifying 
research goals and objectives, which help to ensure that subsequent research activities, 
questions, and findings are ultimately useful to support and inform local decisions 
(Chief et  al. 2016; Kirkby et  al. 2017; Klenk et  al. 2017; Meadow et  al. 2015; Reid 
2016; Singletary and Sterle 2020). These methods align with Indigenous inherent rights 
of sovereignty and self-determination which are centered on the ability of community 
members, as research participants, to volunteer input at all stages of the research 
processes. Such research methods may also empower Indigenous communities to self-
determine a role for traditional knowledge in their adaptation efforts, which may include 
protecting traditional knowledge from inadvertent and unintended uses (Brewer and 
Kronk Warner 2015; Cochran et  al. 2013; Whyte 2018b). Emerging from participatory 
research methods and practices, community-based adaptation frameworks have proven 
particularly successful in empowering Indigenous communities to act locally (Dodman and 
Mitlin 2013; Kirkby et al. 2017; McNamara et al. 2020; Reid 2016). Specifically, through 
their direct involvement in scientific inquiry, Indigenous communities are encouraged to 
conceptualize, voice, and lead local action (Westoby et al. 2020).

2  Methods

2.1  Purpose

Utilizing a participatory research approach, we engaged with tribal government employ-
ees, agriculturalists, researchers, and outreach professionals at five annual Native Waters 
on Arid Lands Tribal Summits held in either Las Vegas or Reno, Nevada. Our study and 
survey question items featured were informed by small group discussions with participants 
of the first summit in 2015. Specifically, summit participants voiced a broad range of infor-
mation and data needed to support their ongoing climate adaptation initiatives, includ-
ing down-scaled climate prediction models as well as resources to protect any traditional 
knowledge they used in their adaptation plans. From these discussions, we developed this 
study to respond to two overarching research questions: (1) what climate data and informa-
tion are needed to support climate adaptation on reservation lands? And (2) what are the 
most frequently accessed resources of climate data and information that support current 
climate adaptation planning on reservation lands?

2.2  Survey instrument

Information or knowledge gaps that 2015 summit attendees voiced during small group 
break-out discussion sessions were used to begin formulating question items related to gen-
eral climate data and information needs. This listening approach—an important compo-
nent of participatory research methods—supported the authors’ development of a first draft 
of a survey. Developing survey question items informed by summit participants ensured 
that responses to the questions would be meaningful, relevant, and subsequently useful to 
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the Indigenous communities represented. The authors then cross-referenced these question 
items with existing research literature related to community-based climate adaptation plan-
ning and climate impacts specific to the water resources of Indigenous communities on 
reservation lands in the southwestern USA (Bennett et al. 2014; Chief et al. 2014, 2016; 
Cochran et  al. 2013; Cozzetto et  al. 2013; Gautam et  al. 2013; Maldonado et  al. 2016). 
Additional information and data needs included in the survey were determined from guide-
lines set forth by the Tribal Climate Change Adaptation Planning Toolkit available through 
the US Climate Resilience Toolkit and Guidelines for Considering Traditional Knowledges 
in Climate Change produced by the Climate and Traditional Knowledges Workgroup in 
2014. These specific resources are intended to provide Indigenous communities in the USA 
with tools and assistance in the climate change adaptation planning process (Climate and 
Traditional Knowledges Workgroup 2014; Institute for Tribal Environmental Professionals 
2020).

An interdisciplinary panel of four faculty members with expertise in hydrologic science, 
atmospheric science, agricultural and applied economics, extension outreach, and survey 
methods reviewed drafts of the survey instrument. The purpose of these reviews was to 
improve the readability and clarity of question items and to identify any missing question 
items. We revised question items based on the feedback received from these reviews.

2.3  Study area

To define our study area, we use three US Geologic Survey (USGS) water resource regions 
delineated at 2-digit hydrologic unit codes as Great Basin, Upper Colorado, and Lower 
Colorado. We refer to this study area as a whole as the southwestern U.S., which spans 
several states including Arizona, California, Colorado, Idaho, Nevada, New Mexico, and 
Utah. Utilizing USGS water resource regions to delineate study area boundaries helps to 
address the complexity associated with water allocated for use through prior appropriation 
doctrine and water rights that  are adjudicated at the watershed scale (Colby et  al. 2005; 
Deol 2017; McNeeley 2017). Additionally, the ecological coherence within water resource 
regions, compared to state or other governmental boundaries, ensures that study partici-
pants exist within comparable environmental and climatological conditions.

We identified study participants as individuals living or working on reservation lands 
inhabited by 49 federally recognized tribes within the region. In the Upper Colorado and 
Lower Colorado water resource regions, reservation lands comprise nearly 43.6 million 
acres. In the Great Basin water resource region, reservation lands comprise nearly 2.1 mil-
lion acres. Figure  1 illustrates the approximate location of these reservations within our 
study region noted by names of the 49 federally recognized tribes, referred to herein simply 
as Indigenous communities.

Studies surveying Indigenous communities at regional levels are rare—and reasonably 
so—due to the place-based nature of Indigenous cultures and the diversity of community 
experiences. Conducting research at a regional scale, however, is a burden of necessity, as 
it is important to assess needs and priorities in order to support collective climate adapta-
tion initiatives. That is, both local and regional climate action in the USA interconnects 
with economic and political priorities and can be most effective when there is coherency 
of adaptation priorities at multiple geographical scales (Gurney et al. 2020). The challenge 
that we faced in pursuing this regional study is that while cumulative results reported may 
appear to homogenize the diverse perceptions, needs, experiences, and perspectives of 
survey respondents, we necessarily avoided comparing and contrasting individual tribes 
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and/or Indigenous communities in order to protect their anonymity and respect their right 
to data sovereignty. Instead, our study offers a regional assessment of perceived climate 
information and data needs and includes a cross-correlation analysis based on the three 
aggregated demographic variables representative of the individuals who participated in this 
study.

2.4  Target population and survey sample recruitment

As Indigenous communities on reservation lands in the arid southwestern USA are 
expert witnesses to both the challenges and opportunities surrounding climate adapta-
tion of water resources vital to their existence, this study utilizes participatory research 
methods to assess, from their perspectives, climate information, and data necessary to 
facilitate adaptation. Specifically, we surveyed stakeholders who we defined for this 
study as individuals actively participating in climate adaptation initiatives on reservation 
lands and, as such, have experience with both challenges and opportunities surrounding 
such efforts. This population that includes tribal employees—such as community-based 

Fig. 1  Approximate location of reservation lands of the 49 federally recognized tribes [Indigenous commu-
nities] within the study region
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planners and water/land resource managers, agriculturalists, researchers, and outreach 
professionals—serve as key informants in identifying and prioritizing climate data and 
information needs of Indigenous communities, as they are uniquely familiar with the 
types of climate data and information currently accessible to them as well as informa-
tion and data gaps that might impede adaptation.

Challenges with surveying rural populations require innovative survey approaches 
superseding conventional mail, web-based, and telephone techniques (Dillman 2016). 
Thus, to ensure participatory research protocols could be followed, we determined that 
in-person survey recruitment was most appropriate. Subsequently, we administered 
the survey during the second (2016) and third (2017) of five annual Native Waters on 
Arid Lands Tribal Summits conducted within the study area. Recruitment for survey 
participation targeted voluntary summit attendees during plenary sessions where sum-
mit organizers scheduled time on the agenda to allow for participation in this research. 
We recruited participants to respond to the survey questions based upon their individu-
ally perceived needs, rather than responding on behalf of the Indigenous community in 
which they live and/or work. This recruitment protocol ensured that survey respond-
ents self-identified as having some role or interest in community-based climate adap-
tation on reservation lands and acknowledged that only tribal governments can desig-
nate representatives to speak about official priorities. Attendees were also encouraged 
to bring copies of the survey back to their community members and coworkers to submit 
at a later date in an attempt to encourage participation outside of the summit; these 
responses make up less than 10% of the total responses. Over the two years of survey 
administration, a total of 98 participants completed survey questionnaires. Responses to 
the questions serve as the data sources for the study.

Of the 98 total respondents, the significant majority (n = 85) self-reported as either liv-
ing or working on one or more of the reservations within the designated study area. That 
is, 45% (n = 44) of respondents reported living and/or working in the Great Basin, 21% 
(n = 21) live in the Lower Colorado River region, and 18% (n = 18) live in the Upper Colo-
rado River region. This outcome ensures that the overall results reported here are repre-
sentative of the target study area.

Additional respondent attributes are characterized by a majority of respondents self-
reporting as Native American (72%, n = 71); male (70%, n = 69); 45 years of age or older 
(61%, n = 60); having post-secondary education (83%, n = 81), and 55% specifically hold-
ing bachelor or graduate degrees (n = 54). Approximately 87% of respondents reported that 
they currently live on reservations (n = 85), with 52% (n = 51) for more than 31 years, and 
23% having lived on reservations for 30 years or less (n = 23). These results suggest the 
survey sample may not represent the demographic composition of the general population 
of Indigenous communities nationwide. Instead, the surveyed sample in this case represents 
the target population of tribal government employees, agriculturalists, researchers, and out-
reach professionals in the southwestern USA. That is, this study required participation from 
a stakeholder demographic who self-identified as being interested and/or involved in cli-
mate adaptation initiatives on reservation lands within the study area. Approximately 61% 
of respondents (n = 60) use climate science information/data in tribal agriculture, natural 
resource management, tribal college/university education, tribal government, or to teach 
tribal youth. Nearly half (43%, n = 42) of respondents self-reported as working for tribal 
governments. When asked to rate the level of risk that climate uncertainty poses to tribal 
natural resources and communities, using a Likert-type scale where 1 = none, 2 = minor, 
3 = neutral, 4 = major, and 5 = extreme risk, the majority of respondents indicated that cli-
mate uncertainty poses either major (56%, n = 53) or extreme (29%, n = 28) risks.
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2.5  Survey data analysis

The analysis and results reported here feature 33 Likert-type scale questions that ask 
respondents to (1) prioritize their climate data and information needs and (2) identify 
their most frequently accessed sources of data and information specific to enhancing the 
climate resiliency of water resources on reservation lands. Part 1 of the survey includes 
20 closed-ended question items intended to identify and prioritize information neces-
sary for Indigenous communities to adapt to and plan for climate uncertainty. Each 
question provides a 5-point Likert-type rating scale of “1” indicating “very low pri-
ority,” “2” indicating “low priority,” “3” indicating “neutral” priority, “4” indicating 
“high priority,” and a “5” indicating “very high priority.” For the 20 question items, the 
question stem is: “To adapt to and plan for climate uncertainty, tribal communities need 
information about…” Of these 20 question items, 12 questions identify and prioritize 
information needs that support climate adaptation on reservation lands, six questions 
identify and prioritize specific data needs, and two questions assess individual prefer-
ence for raw data collected as compared to generalized reports and/or data summaries.

Part 2 of the survey includes 13 question items that ask participants to rate the fre-
quency in which they access climate adaptation planning information from the sources 
listed. Each closed-ended question provides a 5-point Likert-type scale rating of “1” 
indicating this resource is “never accessed,” “2” indicating “rarely accessed, “3” indi-
cating “occasionally accessed,” “4” indicating “often accessed,” and a “5” indicating 
“very often accessed.” The stem for these 13 question items is: “In climate adaptation 
planning, we are currently using information provided by…”.

Cronbach’s coefficient alpha (CCA) was used to estimate internal consistency of the 
33 Likert-type scale question items developed to assess climate information and data 
needs and frequency of access. The CCA score was high for each of three sets of ques-
tions (totaling 33 question items). For the 12 question items on climate information 
needs, r = 0.897; for the six question items on climate data types, r = 0.921; and for the 
13 questions on frequency of access to climate information sources, r = 0.860. These 
scores indicate high internal consistency, or reliability, among these three sets of ques-
tion items (Carmines and Zeller 1979). For the two questions on preference for raw data 
as compared to generalized reports, r = 0.754. This r-value indicates less internal con-
sistency, but this may be associated with this calculation only being based on two ques-
tion items.

In order to identify and prioritize survey participants’ data and information needs, 
mean scores were calculated and ranked from highest to lowest priority. A ranking of 
mean scores reveals respondents’ prioritized climate data and information needs rela-
tive to others. That is, the lowest ranked climate information item does not necessar-
ily indicate an overall “very low priority” rating for that item, but rather indicates its 
priority standing relative to other climate information and data items identified for this 
assessment. We followed a similar procedure to identify and rank the most frequently 
accessed climate data/information resources. Mean scores were calculated and ranked 
for each of the 13 Likert-type questions on data/information resources from most fre-
quently accessed to least frequently accessed.

Demographic information was also collected, and three aggregated variables were 
produced from these data to cross-analyze participant priorities based on their demo-
graphic differences. The aggregated variables reported here include water resource 
region (Great Basin, Colorado River Basin, and other) based on geographic location, 
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role in climate adaptation initiatives (administration, implementation, and research) 
based on occupation, and educational attainment level (high school or less, some col-
lege or associate degree, bachelor degree, or professional or doctoral degree) based on 
highest degree completed, as these are meaningful and defensible demographic char-
acteristics that might influence respondents’ prioritized climate data and information 
needs. We intentionally avoided parsing out data by tribal affiliation. Doing so makes an 
erroneous assumption that tribal affiliation alone—separate from the cultural, economic, 
geographical, political, governmental, or numerous other diverse characteristics that 
comprise these communities—is a sufficient basis for reasonable comparisons between 
data and information priorities. Additionally, without official consent from each tribal 
government located within our study area, we would risk misrepresenting the percep-
tions of individual study participants as representative of sovereign tribal entities (Hard-
ing et al. 2012).

All participants consented to participate in this research, per human subject data col-
lection procedures approved by the authors’ Institutional Review Board. This study pro-
tects the anonymity of each individual research participant, which includes their voluntary 
consent to participate in this study. Our approved research protocol ensured that only dei-
dentified data be collected, analyzed, and aggregated to protect individual and community 
anonymity.

2.6  Ongoing engagement with participants

Researchers who implement participatory research methods understand the importance of 
sharing research processes and findings with participants regularly and in a format that 
emphasizes transparency, respects local culture and knowledge, and ultimately improves 
research accountability (Datta et al. 2015; Glass et al. 2018). Preliminary and final assess-
ment results were shared with study participants through oral presentations at professional 
meetings of tribal employees and members pursuing climate adaptation planning in their 
communities, in addition to hard copies of a summary extension outreach publication to be 
disseminated to the governmental departments of the participating tribes within the study 
region (Fillmore and Singletary 2021). Following participatory research principles and best 
practices, such as these, can enhance the capacity of scientific inquiry to meet the needs 
of Indigenous communities in pursuit of community-based adaptation pathways (Campos 
et al. 2016; Singletary and Sterle 2020). In developing this study, we built upon decades of 
prior work with Indigenous communities in this region, adapting our collaborative partner-
ships to better meet their needs as identified and/or requested.

3  Results

3.1  Information and data needs

Table  1 displays the calculated ranked mean scores of prioritized climate information 
needs to support adaptation on reservation lands, while Fig. 2 depicts response frequen-
cies for each question item. In addition to calculating and ranking mean scores, survey 
responses were cross-correlated with aggregated variables based on self-identified demo-
graphics using a Chi-square test for statistical significance. Correlated variables with a 95% 

Climatic Change (2021) 169: 3737 Page 8 of 22



1 3

Ta
bl

e 
1 

 P
rio

rit
iz

ed
 c

lim
at

e 
in

fo
rm

at
io

n/
da

ta
 n

ee
ds

In
fo

rm
at

io
n 

ne
ed

s
R

an
k

N
ee

d
N

M
ea

n
St

d.
 D

ev
.

1
C

lim
at

e 
ch

an
ge

 im
pa

ct
s o

n 
tri

ba
l l

an
ds

, w
at

er
, a

nd
 e

co
no

m
ie

s
97

4.
33

0.
86

2
En

ha
nc

in
g 

tri
ba

l f
oo

d 
se

cu
rit

y 
an

d 
so

ve
re

ig
nt

y
96

4.
18

0.
94

3
Ro

le
 o

f t
ra

di
tio

na
l k

no
w

le
dg

e 
in

 c
lim

at
e 

ad
ap

ta
tio

n 
on

 tr
ib

al
 la

nd
s

97
4.

16
0.

76
4

H
ow

 to
 p

ro
te

ct
 tr

ad
iti

on
al

 k
no

w
le

dg
e 

th
at

 tr
ib

es
 in

co
rp

or
at

e 
in

to
 th

ei
r a

da
pt

at
io

n 
str

at
eg

ie
s

97
4.

16
0.

91
5

H
ow

 to
 fi

na
nc

e 
im

pl
em

en
ta

tio
n 

of
 c

lim
at

e 
ad

ap
ta

tio
n 

pl
an

s
96

4.
08

0.
91

6
Tr

ai
ni

ng
 tr

ib
al

 e
m

pl
oy

ee
s t

o 
en

su
re

 c
on

si
ste

nt
 d

at
a 

m
on

ito
rin

g 
an

d 
co

lle
ct

io
n 

on
 tr

ib
al

 la
nd

s
97

4.
06

0.
93

7
A

da
pt

at
io

n 
str

at
eg

ie
s t

ha
t a

dd
re

ss
 is

su
es

 u
ni

qu
e 

to
 tr

ib
al

 la
nd

 te
nu

re
 a

nd
 w

at
er

 ri
gh

ts
95

4.
05

0.
88

8
H

ow
 to

 c
on

du
ct

 a
 c

lim
at

e 
vu

ln
er

ab
ili

ty
 a

ss
es

sm
en

t
97

3.
96

0.
85

9
H

ow
 to

 fi
na

nc
e 

m
on

ito
rin

g/
da

ta
 c

ol
le

ct
io

n 
on

 tr
ib

al
 la

nd
s

97
3.

89
0.

92
10

M
ea

ni
ng

 o
f f

ut
ur

e 
cl

im
at

e 
pr

oj
ec

tio
ns

 fo
r i

nd
iv

id
ua

l  r
es

er
va

tio
ns

ab
c

97
3.

88
1.

00
11

Se
le

ct
in

g 
eq

ui
pm

en
t t

o 
m

on
ito

r/c
ol

le
ct

 d
at

a 
to

 in
fo

rm
 tr

ib
al

 c
lim

at
e 

ad
ap

ta
tio

n 
pl

an
ni

ng
 a

nd
 im

pl
em

en
ta

tio
n

97
3.

87
0.

94
12

Ex
am

pl
es

 o
f o

th
er

 tr
ib

es
’ c

lim
at

e 
ad

ap
ta

tio
n 

pl
an

s
97

3.
71

0.
88

D
at

a 
ne

ed
s

1
W

at
er

 q
ua

lit
y 

da
ta

93
4.

22
0.

81
2

St
re

am
flo

w
 d

at
a

92
4.

07
0.

81
3

A
ir 

te
m

pe
ra

tu
re

 d
at

a
92

4.
05

0.
80

4
Pr

ec
ip

ita
tio

n 
da

ta
94

4.
03

0.
87

5
Sn

ow
pa

ck
 d

at
a

91
4.

03
0.

91
6

So
il 

m
oi

stu
re

 d
at

a
94

3.
93

0.
88

Re
po

rts
1

G
en

er
al

iz
ed

 re
po

rts
 o

f s
um

m
ar

ie
s o

n 
w

at
er

 re
so

ur
ce

s a
nd

 c
lim

at
e 

in
fo

rm
at

io
n 

da
ta

93
4.

02
0.

82
2

R
aw

 d
at

a 
co

lle
ct

ed
 fr

om
 m

on
ito

rin
g 

 in
str

um
en

ts
ac

94
3.

84
0.

92

Climatic Change (2021) 169: 37 Page 9 of 22 37



1 3

Fig. 2  Climate information and data ranked priorities
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or greater confidence interval (a p-value less than or equal to 0.05) are noted along with 
the ranked mean scores in Table 1 and Table 2. Overall, the priority rankings assigned by 
respondents held regardless of demographic characteristics.

Topics are ranked first by highest mean score (5 = very high priority) to lowest mean 
score (1 = very low priority), and then by lowest standard deviation (i.e., mean value with 
lowest associated distribution/error).

Superscripts represent priorities with statistically-significant association to one of the 
following aggregated demographic variables determined using a 95% confidence interval 
(p-value of less than or equal to 0.05):

aWater resource region (based on geographic location): Great Basin, Colorado River 
Basin, or other.

bStakeholder role (based on occupation): administration, implementation, or research.
cEducational attainment level: high school or less, some college or associates degree, 

bachelor degree, professional degree or doctorate.
The top prioritized information need (m = 4.33, n = 97) is “Climate change impacts on 

tribal lands, water, and economies.” This result is not surprising considering that tribal 
leaders on reservation lands have repeatedly voiced the need for climate impact assess-
ments as a critical first step to resiliency planning for their communities (National Con-
gress of American Indians 2017). Of the 49 Indigenous communities included in the study 
area, nearly half (44.89%) are undertaking efforts to assess climate impacts and develop 
climate adaptation plans for their communities, lands, and/or resources (Jantarasami et al. 
2018).

The second ranked information need (m = 4.18; n = 96) is, “Enhancing tribal food secu-
rity and sovereignty.” This finding is not surprising as water scarcity characterizes and has 
posed a chronic threat to the viability of conventional irrigated agriculture in the region. 
Most reservations in the region have suffered these effects in part as a result of inadequate 
water delivery infrastructure and unresolved water rights claims (Cosens 2012; Cosens 
and Chaffin 2016; McNeeley 2017). Both of which must be addressed to sustain water 

Table 2  Most frequently accessed climate data and information resources

Rank Source N Mean Std. Dev.
1 Tribal natural resource/water/land departments 90 3.74 1.10
2 USGS Stream Gauges 91 3.41 1.16
3 National Oceanic Atmospheric Administration (NOAA); 

National Weather Service; NRCS Snotel
91 3.36 1.13

4 Tribal oral histories 91 3.30 0.99
5 Traditional knowledge holders 90 3.29 1.03
6 Tribal farmers and  ranchersb 92 3.20 1.14
7 Colleges and  universitiesabc 90 3.19 1.16
8 Tribally owned and operated monitoring equipment 88 3.18 1.25
9 Native Waters on Arid Lands Tribal  Summitsb 89 3.12 1.19
10 USDA climate hubs 91 2.99 1.13
11 The Weather Channel; Weather.com; local news and radio 91 2.96 1.17
12 Bureau of Indian Affairs climate planning program 90 2.90 1.18
13 Tribal colleges and universities 90 2.64 1.26
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conserving agricultural production, which is paramount to attaining both food security as 
well as providing economic stability.

While the third and fourth ranked information needs have equivalent mean scores 
(m = 4.16; n = 97 respectively), the item with a smaller standard deviation (0.76 as com-
pared with 0.91) is ranked higher. These information needs include the “Role of tradi-
tional knowledge in climate adaptation on tribal lands” and “How to protect traditional 
knowledge that tribes incorporate into their adaptation strategies.” The high priority ratings 
assigned to these topics indicate that survey respondents highly value the role of Indig-
enous traditional knowledge in climate adaptation. This response may also demonstrate the 
need to enhance tribal efforts to apply this knowledge in climate adaptation planning. To 
appropriately apply traditional knowledge to climate adaptation efforts requires the leader-
ship of Indigenous community members who are both familiar with the knowledge itself, 
its level of sensitivity to outside exposure, and its relationship to climate adaptation (Klenk 
et  al. 2017; Kovach 2010). Using and sharing this knowledge typically require securing 
prior and informed consent from the pertinent tribal governing body to permit the use of 
such knowledge and, therefore, its potential dissemination (Maldonado et al. 2016). This 
step is imperative as tribes increasingly develop, and many already possess, legal protec-
tions to address the misappropriation and abuse of traditional knowledge (Brewer and 
Kronk Warner 2015; Harding et al. 2012; Savaresi 2018).

As previously mentioned, the remaining information topics listed maintain high over-
all priority ratings. That is, mean scores range from 3.71 to 4.08. In general, these topics 
include information to assist with building the fiscal and professional capacity of Indig-
enous communities to carry out climate adaptation activities. Due to the high standard 
deviation values, these topics may very well be higher in priority. Future partnering efforts 
to assist with capacity building of Indigenous communities should encourage collaboration 
and maintain space for Indigenous partners to co-identify project goals and priorities.

Of the types of climate data identified in this survey, respondents rated water quality 
data needs as their highest priority (m = 4.22; n = 93) with a 0.15-point difference in mean 
score between this top-rated need and the second ranked need, streamflow data (m = 4.07; 
n = 92). For the remaining data types featured here, temperature ranked third (m = 4.05; 
n = 92), followed by precipitation ranked as fourth (m = 4.03; s.d. = 0.87; n = 94), snowpack 
data as fifth (m = 4.03; s.d. = 0.91; n = 91), and soil moisture data ranked last comparatively 
(m = 3.93; n = 94).

The cross-correlation analysis between the three demographic variables—water 
resource region, stakeholder role, and educational attainment level—and information and 
data needs resulted in statistically significant correlations of only two priorities. Partici-
pant groups within all three variables disproportionately prioritized the information need, 
“Meaning of future climate projects for individual reservations.” Participants in different 
water resource regions and in educational attainment level groups disproportionately prior-
itized the report need, “raw data collected from monitoring instruments”.

3.2  Accessing data/information resources

Table  2 reports the most frequently accessed data and information resources. For mean 
scores that are the same, we use the standard deviation, or variance from the mean, to 
determine the higher ranked item. Response frequencies to each question item are depicted 
in Fig. 3.
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Topics are ranked by highest mean score (5 = very often accessed) to lowest mean score 
(1 = never accessed). Verbiage reported here is taken directly from the survey instrument. 
Sources specified as “tribal” here are referenced as “Indigenous” in the body of this study.

Superscripts represent priorities with statistically-significant association to one of the 
following aggregated demographic variables determined using a 95% confidence interval 
(p-value of less than or equal to 0.05):

aWater resource region (based on geographic location): Great Basin, Colorado River 
Basin, or other.

bStakeholder role (based on occupation): administration, implementation, or research.
cEducational attainment level: high school or less, some college or associates degree, 

bachelor degree, professional degree or doctorate.
Understanding respondents’ sources for climate data and information is an important 

component in assessing climate adaptation needs. Results can help to identify ways to 
improve tribes’ access to and use of information sources commonly used by other organi-
zations to support their adaptation initiatives. Our survey results indicate that respondents 

Fig. 3  Frequently accessed climate information and data sources
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accessed most frequently (m = 3.74; n = 90) their respective “Tribal natural resource/water/
land departments” for climate data and information. This result may demonstrate the 
important role that local resources are for Indigenous communities.

The second ranked resource currently accessed is “USGS stream gauges” (m = 3.41; 
n = 91). This result supports previous findings reported for climate data needs (see Table 2) 
where the second most prioritized item is streamflow data. The next information source 
ranked closely together is National Oceanic Atmospheric Administration/National Weather 
Service/National Resources Conservation Service (NOAA/NWS/NRCS) (m = 3.36; 
n = 91). This source includes climate data collected and reported by the National Oce-
anic and Atmospheric Administration, National Weather Service, and Natural Resources 
Conservation Service and includes daily, monthly, and annual records for air temperature, 
precipitation amounts and types, and snow water estimates. While specific data types for 
water, climate, and environmental data and information may vary by individual use, the 
items featured in the survey instrument are verified as publicly available and can be used to 
help conduct climate assessments and/or informing adaptation initiatives.

Respondents also ranked informal information exchanges highly, which include sources 
such as tribal oral histories (m = 3.30, n = 91), traditional knowledge holders (m = 3.29, 
n = 90), and tribal farmers and ranchers (m = 3.20; n = 92). Oral histories can include both 
local knowledge such as family history and environmental observations over an individu-
al’s lifetime. Traditional knowledge, such as traditional land use practices, can inform and/
or support climate adaption. Indigenous community members transfer information regu-
larly, usually through informal conversations, and this information is relatively easy for 
Indigenous community members to obtain. These types of information sharing between 
Indigenous community members may also have positive impacts on mental and spiritual 
health of those involved (Burnette et al. 2020). While such information may not always be 
documented formally, it remains readily available, and based on these results, it appears 
to be used regularly. It is imperative, however, that adaptation efforts on reservation lands 
develop and recognize local protocols for integrating traditional knowledge within formal 
adaptation frameworks.

By descending order of mean scores, the next cluster of frequently accessed informa-
tion and data sources include colleges and universities (m = 3.19; n = 90); tribally-owned 
and operated weather monitoring equipment (m = 3.18, n = 88); and Native Water on Arid 
Lands Annual Tribal Summits (m = 3.12; n = 89). The least frequently accessed climate 
data and information sources are the USDA climate hubs (m = 2.99; n = 91); weather chan-
nel and local news (m = 2.96; n = 91); Bureau of Indian Affairs climate planning program 
(m = 2.90; n = 90), and tribal colleges and universities (m = 2.64; n = 90). These mean 
scores indicate that respondents only “rarely” to “occasionally” access these sources of cli-
mate data and information.

The cross-correlation analysis between the three demographic variables and frequently 
accessed climate data and information sources resulted in statistically significant corre-
lations between only three sources. Participant groups within all three variables dispro-
portionately access “colleges and universities.” Participants in different stakeholder roles 
disproportionately access, “Tribal farmers and ranchers,” and the “Native Waters on Arid 
Lands Tribal Summits.”
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4  Discussion

Water quality being the highest rated data need was initially a surprising result. This 
finding being of such a high priority may be attributed to the disproportionate water 
quality disparities impacting Indigenous communities on reservation lands in compari-
son to non-Indigenous populations in the USA (Conroy-Ben and Richard 2018). Com-
pared to the other data types featured in this assessment, water quality data are the 
least readily available through the USGS online data portal for the southwestern USA. 
The USA Environmental Protection Agency (EPA) is tasked with enforcing provi-
sions of the Clean Water Act, to monitor point source pollutants and non-point source 
pollutants, and is charged with overseeing water quality monitoring, assessment, and 
reporting in waterbodies that impact human health (Federal Water Pollution Control 
Act Amendments 1972). These water quality data, however, are limited in scope to 
inform water management decisions. That is, water quality data collection and analy-
sis are labor intensive, and due to the multitude of external influences on water qual-
ity, it is unreasonable to extrapolate single point collections as being representative of 
regional conditions.

Further, quantifying climate impacts on water quality at a regional scale is a com-
plex process. Unlike climate data, such as temperature and precipitation, which have 
regional and even global relationships, water quality can be particularly site specific. 
This is why water quality standards are defined differently for different bodies of water. 
Standards are typically dependent on the location, purpose, use, and/or accessibility 
of the water to the public and are often re-evaluated and changed over time (Xia et al. 
2015). In much of the western USA, water quality standards are set by regional water 
quality control boards to remain in compliance with federal EPA standards, but there 
are still rural watersheds that lack the baseline data needed to set standards. Without 
baseline data, or data collected throughout time, it is challenging to understand rela-
tionships between water quality and climate, yet alone predict changes.

Another surprising finding from this analysis (see Table  2) is that respondents 
ranked snowpack data fifth in priority. For the snow-fed basins that comprise our 
study area, planning effectively for summer water availability requires earlier and 
accurate predictions of water equivalent stored in winter snowpack (Fritze et al. 2011; 
Oubeidillah et  al. 2011; Seager et  al. 2013). A comparatively lower ranking for this 
item may indicate a need for outreach education concerning the use of snowpack data 
to predict summer water availability. In contrast, it may also suggest that respondents 
recognize that this annual water supply predictor is increasingly variable or in decline.

Another informative finding here is that survey respondents revealed a clear pref-
erence for “Generalized reports of summaries on water resources and climate infor-
mation data” (m = 4.02, n = 93) as compared to “Raw data collected from monitoring 
instruments” (m = 3.84, n = 94) as evidenced by 0.18-point difference in mean scores 
between the two items (see Table 1). This preference may indicate lack of time and/
or available human resources necessary to collect, process, and summarize raw data, 
and report it in a timely and consistent manner so as to be useful to community-based 
adaptation planning and implementation. Additionally, this finding may speak to an 
issue of data and information accessibility. That is, publicly funded climatological 
research typically makes data publicly available through online databases; however, 
if publicly available data are not in a format that practitioners and general members of 
the public can easily use to inform their decisions, then it is not publicly accessible. 
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Researchers aiming to support local climate adaptation action in Indigenous communi-
ties should factor in these limitations and aim to provide more easily accessible modes 
of critical data and findings to facilitate broader use of this information.

5  Conclusion

The persistence of Indigenous communities in a region characterized by historical climate 
extremes and water scarcity implies that climate resilience is an inherent part of their cul-
tures and economies, which should encourage locally led community-based climate adap-
tation efforts (Chief 2020; McNamara et al. 2020). Integrating traditional knowledge and 
values into adaptation strategies may be particularly advantageous and perhaps a continu-
ance of sustainable practices that have persisted and endured within these communities for 
thousands of years (Chief et al. 2016; Gautam et al. 2013; Robitaille et al. 2017; Whyte 
2018a, b). Findings from this study demonstrate this strategy as a high priority. Coupling 
this finding with the result that tribal natural resource departments are the most readily 
accessed sources of climate data and information suggests that Indigenous communities 
already have many tools to support localized adaptation planning and action independently. 
Researchers and scientists may still assist localized efforts to enhance the climate resil-
iency of Indigenous communities, as results from this study suggest that climate informa-
tion and data are not universally available or accessible to all communities. Results also 
suggest there may be a need to more effectively communicate and disseminate climate 
data and information among Indigenous communities increasing the coherence of climate 
research and adaptation priorities across local, regional, and national scales. Specifically, 
these assessment results can inform and strengthen applied climate adaptation research and 
educational outreach across the southwestern USA with implications for improving climate 
adaptation self-determination of Indigenous communities elsewhere.

5.1  Study limitations

We maintain that our survey sample reasonably represents our target population given that 
it includes practitioners from multiple universities, federal agencies, and the Indigenous 
communities within the study region (Fowler 2014). With respect to community-based 
adaptation initiatives, however, our surveyed population includes a subset of community 
members primarily comprised of natural resource management and similar professionals. 
While surveying an expert population is helpful for identifying climate data and informa-
tion needs, expanding this study to include a more diverse and intergenerational range of 
community members may yield additional important findings. A larger sample size will 
also improve this study as a small sample size makes it challenging to identify statistical 
significance or to determine causal relationships using these survey data (Dillman 1978). 
For example, ranking information and data needs using mean scores produces a list of pri-
orities, but most mean scores are associated with sizeable standard deviations. A larger 
number of survey respondents is necessary to test the extent to which the current mean 
score rankings are upheld.

While primary data collection during a regional tribal climate summit setting facilitated 
a convenience sampling strategy, the sample population may not be entirely representa-
tive of community-based climate adaptation practitioners working on reservation lands in 
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the region. That is, summit attendance required funding for registration and travel, which 
may have limited the participation of early career tribal professionals, students, and/or 
other Indigenous community members interested or active in climate adaptation on their 
respective lands. We attempted to overcome this by requesting that participants bring sur-
veys back to their communities, but those responses represented less than 10% of the over-
all sample. Considering this study is focused specifically on climate data and information 
needs on reservations in the region, having a target population of practitioners representing 
Indigenous communities within the region was reasonable. And results from this study rep-
resent a focused subset of priorities for climate adaptation planning on these reservation 
lands. Additional research at more localized scales is needed to assess a broader scope of 
climate impacts, priorities, and opportunities for Indigenous communities in this region.

5.2  Future research

Replication of this assessment, combining both face-to-face and e-survey administration, 
may inform the potential study limitations cited here. Such additional research may ensure 
that assessment results more accurately represent a future generation of Indigenous stake-
holders working on reservation lands, which may better capture localized Indigenous com-
munity needs. Nevertheless, this exploratory study comprises a critical first step in building 
a better understanding of information and data needs that, if effectively addressed, may 
enhance climate resiliency on reservation lands in the southwestern USA. Methods and 
results reported here may help guide scientists interested in engaging with Indigenous com-
munities to support their ongoing climate adaptation research, planning, and action efforts.

Based on these survey results, it is uncertain if respondents are primarily concerned 
with the general limited availability of water quality data or the impacts of climate change 
on water quality. A more in-depth follow-up survey is needed to more thoroughly assess 
priorities related to this data and/or information need. That is, priorities may range from 
climate impacts on baseline water quality standards, drinking water quality, water quality 
for agriculture, groundwater quality, and/or riparian water quality needed to support eco-
system services. Increasingly, Indigenous communities request future research to focus on 
the effects of climate change specific to water quality (Chief 2020; Jantarasami et al. 2018).

The very purpose for conducting this assessment is to help Indigenous communities to 
identify and prioritize such needs, which may include ongoing climate science research, 
increased allocation of fiscal resources, and increased outreach education, among other 
forms of capacity-building on reservation lands. Results from this needs assessment sug-
gest that those individuals who responded to this survey and who are engaged in commu-
nity-based adaptation initiatives on reservation lands in the southwestern USA perceive 
that climate information and data resources are currently limited despite having many tools 
and resources to support adaptation efforts such as access to traditional knowledge hold-
ers. As such limitations may hinder comprehensive assessments of local climate impacts 
on reservation lands, Indigenous communities may likewise wish to increase collaborative 
partnerships with federal and state government agencies, universities, and non-profit organ-
izations to bolster; at least in the short run, tribal self-determination efforts to realize their 
respective community-based adaptation goals. These collaborative efforts should empower 
Indigenous communities to lead their own community-based adaptation initiatives respec-
tive to their communities and mutually respect the various roles that different practitioners 
and knowledge holders can contribute to these processes to ensure beneficial outcomes.
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In the long run, increasing the numbers of Indigenous students and subsequently schol-
ars pursuing climate science research and outreach with Indigenous communities will 
organically enhance the tribal self-determination of climate resiliency on reservation lands, 
and such knowledge will likely extend beyond the borders of reservations to enhance the 
climate resiliency of communities elsewhere (Chief 2020; Kozich et al. 2018). At the same 
time, Indigenous communities should continue to take necessary steps to ensure data sov-
ereignty, including voluntary participation in community-based adaptation research and 
implementation projects. This includes ongoing efforts to establish research protocols 
when working with tribes and the protection of sensitive traditional knowledge from mis-
use that could inadvertently harm tribal nations (Ellis and Perry 2020; Whyte 2018a, b). 
Finally, future research must continue to evaluate the impacts of participatory research and 
development practices at local, regional, national, and international scales and should aim 
to support locally led community-based adaptation efforts rather than extract knowledge 
or resources from historically marginalized populations including Indigenous communities 
(McNamara et al. 2020; McNamara and Buggy 2017; Dodman and Mitlin 2013).
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