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primary “study area ” but that indicators and associated metrics be selected at 
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under the oversight of the United Nations. Its objective was to “

”

ereafter in this document as the “Phase 1 Reports.”



“Ecosystem services are the benef

that maintain the conditions for life on Earth.” 

“
being.” can “help make visible 

benefits to humans”

disciplinary “lens” for looking at sy
derive from the world’s freshwater ecosystems, including 

 

 
 
 
 
 
 
 





dividing “drinking water” from “water for non drinking purposes”) follow 

 

the CPWP’s

—



—

4.1 CPWP Area of Interest in Context 

he CPWP’s area of interest is based on its participants and their shared water

’s



—
—

—
—

—

—



aquifers. The CPWP’s “groundwater map,” available on its web



“ ” defined by 

, or that basin plus a hydrologic “buffer” 

CPWP’s traditional —



4.2 Scale of Ecosystem Services 

ecosystem services being assessed, and the scale of “observation” (or at which data is available) is rarely 

consider the “scale at which social decision making occurs, with which people can relate, and on which 
they can act….” (Alcamo et al. 2003)

a handful of key “measurable ” connected with the ecosystem service

multiple potential scales were listed and ranked as “ideal ” “possible ” or “more likely ” 

4.3 Recommended Approach 

—
ecosystem services assessment. Using multiple scales can allow “

.” It can also allow for the assessment to take into account the 

as the “study area” 



 

5.1 Definitions 

 “Ecosystem service indicators are information that efficiently communicates the characteristics 

condition, trends and rate of change in ecosystem services.”
 “Measur

observations or monitoring.”
 “Metric: a set of measurements or data collected and used to underpin each indicator.” 

conditions of the indicator. For example, “freshwater supply” is an indicator, 

5.2 Indicator Identification  



 

 
 o highlight the differences between “ideal” and “applicable” indicators for the purposes of this 

—
est capture an ecosystem service’s relevance to an identified stakeholder concern.

 –
 –

 –

 –

— —

 –

5.3 Selected Indicators and Metrics 
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6.1 Provisioning Services: Baseline Conditions and Trends 

(all examples of “water for non
purposes”) water for “environmental flow”—

concerns identified through interviews in Phase 1. For example, stakeholders’ concern about 
— — from groundwater’s 

purposes; the “tourism and recreation” concern included 
stakeholders’

—
—



“general” provisioning indicators and relate primarily to —

Provisioning – General: Regional Climate Variability 

— —

“
S”

– –
– – –

In addition, “Flagstaff Area” (elevation –

—



Provisioning – General: Reservoir Levels 

–

he indicator “reservoir 
levels” was selected as a proxy indicator for surface water supply. Potential measures/metrics identified 

—





variability; as well as the “overallocated” state of the Colorado River a

—

Provisioning – General: Well Levels 

“self supplied” residential demand is also met primarily with groundwater. As 

discharge from the area’s “Groundwater flow” and its future availability to serve 
— —

of the area’s groundwater is “fossil” groundwat

while the area’s groundwater supply is 

“existing gaps in hydrologic data make it diffi
sustainability of the water supply for either natural or anthropogenic water demands.” 



oundwater flow and resources in the region. The CPWP’s modeling 

sis. In contrast, for example, in the state’s active management areas, major 

aquifer is at “safe yield” or otherwise meeting its management goal.

“groundwater sustainability index”
Data are not readily available to assess many of these potential “proxy” indicators.

—
— —

ADWR’s “index well” set, a subset of wells from ADWR’s 

—

—





—



bearing zone, and Keam’s Canyon in a confined water



the future, index wells could also be linked to specific points in the CPWP’s hydrologic model in order to 

Provisioning – General: Human Population 

—



—
—

. This is sometimes referred to as a “decoupling” of water 

Provisioning – General: Total Water Demand 

) and a “draw” on the 



or included in the state’s public 

— —

assess total demand from water providers as another “proxy” metric for total demand—

out (i.e., water use by other sectors, “self supplied” water use, and demand on Native American Reservations). 



n decreased between 2000 and 2015. Coconino County’s 2015 water 
its use in 1985; Navajo County’s 2015 water use is 

The CPWP has created a “demand map” that is another useful source of information about human 

 
 

ct all “self supplied” demand within the study area.



Provisioning – General: Water Source Dependence 

region’s groundwater is considered to be a fini

—

requires an appropriative water right. Groundwater usage is largely unregulated outside of Arizona’s 

rfere with an existing, “senior” 

—

groundwater, and reclaimed water, but also reliance on public versus “self supplied” water sources.



—

Provisioning – General: Groundwater Demand 

—

—
—



—consistent both with Navajo County’s higher total demand and higher groundwater 

Provisioning – General: Groundwater Wells 

he number of groundwater wells as maintained in ADWR’s 

ADWR’s record of wells represents those that have been registered with the agency

There are also reasons that new wells may be drilled that don’t represent an increase 



“ ”



Provisioning – General: Surface Water Demand 

–



—
—

Provisioning – General: Water Reuse 



—

Between 2015 and 2019, Flagstaff’s annual reclaimed water use averaged 1

from a private water company, Arizona Water Company. Arizona Water Company’s C



Given stakeholders’ interest in this topic, the CPWP may wish 

—

Provisioning – Drinking Water: Residential Water Use 

—
—

“domestic ”—
—



Provisioning – Drinking Water: Population Served by Water Supply Type 

The relative reliance of an area’s population on different drinking water sources is another useful 
—



—

Provisioning – Drinking Water: Households without Access to Complete Plumbing Facilities 

(included as an “infrastructure” concern in the Phase 1 



“ ”

—



Provisioning – Water for Non-Residential Purposes: Water Use by Sector 

helps to describe “water for non drinking purposes.”



Coconino County’s substantial ther

The future use of that water (a portion of Arizona’s “Upper Basin” apportionment) is unresolved at 

— —



Provisioning – Water for Environmental Flow: Stream Flow 





—
—

Provisioning – Water for Environmental Flow: Spring Flow 

—“small points on the 
”

below in the “Wildlife Populations and Habitat” section of this document.

—

that “[m]any of the variables used in trend detection at springs ecosystems are influenced by 

metrics at some springs or spring types.” 



—





discussed further in the “Wildlife Habitat and Populations” section

Given the importance of springs to stakeholders and their centrality in the region’s freshwater 
— —

6.2 Regulating Services: Baseline Conditions and Trends 

Four “regulating” ecosys

measure the primary “driver” of flooding and erosion in the study area—

—



Indicators related to “wildlife populations and habitat” were chosen to reflect 

Regulating – General: Landcover Change 

(“Other” in 



Regulating – General: Wildfire Frequency 

— —

well as state authorities. Although the database’s record goes back to 1950, 

. Some sizes of fires may be excluded as a result of the underlying authorities’ 

extent: “Developed, open space” (less than 20 percent impervious surface), “Developed, low intensity” (20
percent impervious surface), “Developed, medium intensity” (50 79 percent impervious surface), and “Developed, 
high intensity” (80 percent or more impervious surface)



Regulating – General: Forest Restoration 

—

—



Regulating – Water Purification: Drinking Water Quality 

–



–

 



Regulating – Water Purification: Impaired Water Bodies 

“ ”
—

—

— —



This may result in a significant “gap” in water quality protection for 

Regulating – Water Purification: Monitoring for Uranium Mining  

—



a joint product of the Arizona Mine Inspector’s Office 

Grand Canyon Trust’s report on that mine

 

directory states that the product is “the first in an ongoing, annual production between the Arizona Geological 
tor’s Office.”



Regulating – Water Purification: Reclaimed Water Quality 

Also sometimes termed “compounds” of emerging concern, 



stakeholders’ interest in this topic. 

on request.) However, the Arizona Water Blueprint produced by Arizona State University’s Kyl Center for Water 

“design capacity” for some of the mapped facilities. It may be a useful source for cataloguing facilities within the 



Regulating – Wildlife Populations and Habitats: Endangered Species 

dlife Service’s Information for Planning and Consultation tool and indicate that there are 19 total 



Regulating – Wildlife Populations and Habitats: Spring Habitat 

As documented in SSI’s Springs Online database





“index” springs

significance of springs in the area’s ecosystems and their imp



Regulating – Wildlife Populations and Habitats: Impaired Streams 

is suitable for native species’ survival. 

— —

6.3 Cultural Services: Baseline Conditions and Trends 



—

—

Cultural – Recreation/Tourism: Visitors 

–

— —





—
—

Cultural – Recreation/Tourism: Direct Spending from Recreation/Tourism 

s “destination spending”

Direct spending data are available at the county level in the annual report “Arizona Travel Impacts” 

“

” 

—



Cultural – Other  

— —also have “non use” 

stewardship outside of direct visitation or other “use” of the 

. This may be because they “ ‘ ’
‘ ’ ”
as the Millennium Ecosystem Assessment (2005) notes, “c

” Such a statement suggests that direct 

A nationwide survey demonstrated a “willingness” to pay 



ribes’ identity, history, 

—
—

(“Sacred Land Film Project” 2020)

the “level of protection” 

meaningful generalizations can be made to help define a scale for “level of protection ”

these different “levels ”
while the initially proposed indicator (“level of protection of water related cultural sites”) may still be 

 

— —



 

 

 

 

 

large portion of Coconino County’s 

 

 

 

 

 

 



 

 

 

 

 

 In 2020, there were two “impaired” and one “not attaining” streams within the CPWP

 

“keystone ecosystems ”

 

 

—

 

 

 
ed or “optimal” indicators



 

(encompassing 55% of the county’s land area), Navajo (17% of county land area), and Yavapai 

 

—

 
 

 

 

 

 The “endangered species” indicator is a proxy measure for wildlife populations and 

 

 

could also be linked to specific points in the CPWP’s hydrologic model in order to 

 

 

the CPWP “demand map” 



 

Given stakeholders’ interest in water reuse more 

 iven the importance of springs to stakeholders and their centrality in the region’s 
—

—

 

ecosystem services provided by the area’s freshwater ecosystems, and to evaluate the possible 
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APPENDIX A: Study Area Matrix: Geographic Scale of Ecosystem Services 
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APPENDIX C continued: Potential Indicators and Associated Measures/Metrics


