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Note on Structure of the Final Report

The final report for the North Slope (NOS) Rapid Ecoregional Assessment (REA) is partitioned into eleven
distinct documents organized by topic listed below. Each section is assigned a letter heading:

Section A. Cover Sheet

Section B. Introduction

Section C. Abiotic Change Agents

Section D. Biotic Change Agents

Section E. Anthropogenic Change Agents

Section F. Landscape and Ecological Integrity

Section G. Terrestrial Coarse-Filter Conservation Elements
Section H. Terrestrial Fine-Filter Conservation Elements
Section I. Aquatic Coarse-Filter Conservation Elements
Section J. Aquatic Fine-Filter Conservation Elements
Section K. Data Gaps and Omissions

Tables of contents, management questions, figures, and tables with associated page numbers are listed
at the beginning of each section.

The report is organized into stand-alone sections to help readers quickly navigate to sections of interest
without having to read the entire assessment comprehensively.



B. Introduction to the Final Report

Monica L. McTeague, E. Jamie Trammell, Tracey Gotthardt, Matthew L. Carlson,
Justin R. Fulkerson, Timm Nawrocki

Alaska Natural Heritage Program, University of Alaska Anchorage, 3211 Providence Dr., Anchorage,
Alaska 99508

Summary

Section B. Introduction to the Final Report provides an overview of the REA process, general

methodological approaches, study area, Conservation Elements, Change Agents, Management

Questions, and limitations.
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1. What is a Rapid Ecoregional Assessment?

The Bureau of Land Management (BLM) recently developed a landscape approach to enhance
management of public lands (BLM 2014). As part of this landscape approach, the BLM and collaborators
are conducting Rapid Ecoregional Assessments (REAs) in the western United States, including Alaska. To
address current problems and future projections at the landscape level, the REAs are designed to
transcend management boundaries and synthesize existing data at the ecoregion level. A synthesis and
analysis of available data benefits the BLM, other federal and state agencies, and public stakeholders in
the development of shared resources (Bryce et al. 2012).

REAs evaluate questions of regional importance identified by land managers, and assess the status of
regionally significant ecological resources, as well as Change Agents that are perceived to affect the
condition of those ecological resources. The resulting synthesis of regional information is intended to
assist management and environmental planning efforts at multiple scales. REAs have two primary
purposes:

e To provide landscape-level information needed in developing habitat conservation strategies for
regionally significant native plants, wildlife, and fish and other aquatic species.

e To inform subsequent land use planning, trade-off evaluation, environmental analysis, and
decision-making for other public land uses and values, including development, recreation, and
conservation.

Once completed, this information is intended to provide land managers with an understanding of
current resource status and the potential for future change in resource status in near-term future (year
2025) and long-term future (year 2060).

A number of REAs are underway or have recently been completed in Alaska. These include the Seward
Peninsula (Harkness et al. 2012), Yukon Lowlands — Kuskokwim Mountains — Lime Hills (Trammell et al.
2014), and the Central Yukon (in-progress).
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2. Approach and Process

To address the regionally important questions, significant ecological resources, and Change Agents, REAs
focus on three primary elements:

e Change Agents (CAs) are features or phenomena that have the potential to affect the size,
condition, and landscape context of ecological systems and components.

e Conservation Elements (CEs) are biotic constituents or abiotic factors of regional importance in
major ecosystems and habitats that can serve as surrogates for ecological condition across the
ecoregion.

e Management Questions (MQs) are regionally specific questions developed by land managers
that identify important management issues.

MQs focus the REAs on pertinent management and planning concerns for the region. MQs are used to
select CEs and CAs by identifying critical resources and management concerns for the study area. CEs
are also identified by an Ecoregional Conceptual Model (see Section A.3.5. Ecoregional Conceptual
Model). Although a basic list of CAs is provided by the BLM, MQs can also identify regionally-specific CAs
to be considered in the analysis. An important strength of this approach is the integration of current
management concerns and current scientific understanding into a comprehensive and forward-looking

regional assessment.

The core REA analysis refers to the status and distribution of CEs and CAs and the intersection of the
two. The core REA analysis addresses the following five questions:

Where are Conservation Elements currently?

Where are Conservation Elements predicted to be in the future?

Where are Change Agents currently?

How might Change Agents be distributed in the future?

What is the overlap between Conservation Elements and Change Agents now and in the future?

vk wihe

2.1. Change Agents (CAs)

CAs are those features or phenomena that have the potential to affect the size, condition, and
landscape context of CEs. CAs include broad factors that have region-wide impacts such as wildfire,
invasive species, and climate change, as well as localized impacts such as development, infrastructure,
and extractive energy development. CAs can affect CEs at the point of occurrence as well as through
indirect effects. CAs are also expected to interact with other CAs to have multiplicative or secondary
effects. Although they are listed separately, most anthropogenic CAs generally occur in concert with one
another. Mining and energy development, for example, require other CAs like transportation and
transmission infrastructure.
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2.2. Conservation Elements (CEs)

Conservation Elements (CEs) are defined as biotic constituents (e.g., vegetation classes and wildlife
species, or species assemblages), abiotic factors (e.g., soils) of regional importance in major ecosystems
and habitats across the ecoregion, or high biodiversity priority sites (e.g., designated Important Bird
Areas). CEs are meant to represent key resources that can serve as surrogates for ecological condition
across the ecoregion.

The selected CEs are limited to a suite of specific ecosystem constituents that, if conserved, represent
key ecological resources and thus serve as a proxy for ecological condition. CEs are defined through the
“Coarse-Filter / Fine-Filter” approach, suggested by BLM guidelines; an approach used extensively for
regional and local landscape assessments (Jenkins 1976, North Slopes 1987). This approach focuses on
ecosystem representation as “Coarse-Filters” with a limited subset of focal species and species
assemblages as “Fine-Filters”. The Coarse-Filter / Fine-Filter approach is closely integrated with
ecoregional and CE-specific modeling exercises (Bryce et al. 2012).

Coarse-Filter Conservation Elements

Terrestrial and Aquatic Coarse-Filter CEs include regionally significant terrestrial vegetation classes and
aquatic ecosystems within the study area. They are intended to represent the habitat requirements of
most characteristic native species, ecological functions, and ecosystem services.

Fine-Filter Conservation Elements

Fine-Filter CEs represent species that are critical to the assessment of the ecological condition of the
North Slope study area for which habitat is not adequately represented by the Coarse-Filter CEs. Fine-
Filter CEs selected for the REA are regionally significant mammal, bird, and fish species. A list of CAs and
Coarse-Filter and Fine-Filter CEs is given in Table B-1.



Table B-1. Change Agents and Conservation Elements selected for the North Slope REA.

Change Agents (CAs)

Conservation Elements (CEs)

Coarse-Filter CEs

Fine-Filter CEs

Climate

Terrestrial Coarse-Filter

Terrestrial Fine-Filter

precipitation

coastal plain moist tundra

Nearctic brown lemming

temperature

coastal plain wetland

Arctic fox

thaw date

sand sheet wetland

caribou

freeze date

sand sheet moist tundra

Lapland longspur

climate envelopes

foothills tussock tundra

willow ptarmigan

Fire

alpine dwarf shrub

greater white-fronted goose

return interval

tidal marsh

raptor concentration areas

vegetation response

marine beach, barrier
islands, and spits

Aquatic Fine-Filter

Permafrost

Aquatic Coarse-Filter

broad whitefish

mean annual ground temperature

deep connected lakes

Dolly Varden

active layer thickness

shallow connected lakes

Arctic grayling

Invasive Species

large streams

burbot

Anthropogenic Uses

small streams

chum salmon

subsistence

natural resource extraction

transportation and
communication infrastructure

recreation

energy development

2.3. Management Questions

Management Questions (MQs) provide regional managers the opportunity to highlight specific concerns
relevant to the larger ecoregions, and provide a tangible way in which these REA efforts can be

translated into management plans and actions. Unlike previous REA efforts, no preliminary list of MQs
was provided at the onset of this REA. Instead, the UA Team reviewed various documents that identify

management and research objectives for the North Slope to create an initial list of MQs. These
documents include the Emerging Issues Summaries (NSSI 2009), the research gaps identified by Wildlife
Response to Environmental Arctic Change (Martin et al., 2009), and the future needs identified by the

Arctic Landscape Conservation Cooperative Future Needs Assessment (Arctic LCC 2013). Additionally, the
BLM Arctic Field Office identified MQs for the National Petroleum Reserve-Alaska (NPR-A) in 2011 and
also provided additional questions specifically for this effort. This produced a list of approximately 275

potential MQs.
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Because the REA is intended to be a rapid assessment, the BLM has mandated that only 20-40 MQs be
addressed through an REA. Our initial list was therefore too numerous and covered topics well outside
the scope of an REA. To reduce the list to a workable number, the UA Team refined the list by:

1. Removing questions (111 total) that were considered “out of scope” for this REA because:
a. They were at an inappropriate scale (i.e., asked site specific questions) — 14 questions
They asked specific policy questions — 21 questions
They were methodological questions — 33 questions
They were outside the REA boundaries (e.g., marine) — 37 questions
They required new data to be collected — 2 questions

-0 a0 CT

They were too theoretical (i.e., ecological theory) — 2 questions

g. They were not appropriate for the timeframe of REA — 2 questions
2. Ranking questions (High, Medium, Low) based on:

a. Whether the question fit into an REA-type analysis

b. Whether products developed would be useful to managers

c. Effort required to address the question

This produced a list of 54 high-ranked (recommended) MQs, 38 medium-ranked MQs, and 71 low-
ranked MQs. This list of high-, medium-, and low-ranked questions, as well as those 111 questions
considered out of scope were then given to state and field BLM offices for further review and
prioritization. We received feedback from four BLM staff (one field office, three state office specialists)
that resulted in 72 high-ranked (recommended) MQs, 35 medium-ranked MQs, and 68 low-ranked MQs.
We then presented the 72 MQs that ranked highest priority to the AMT in June 2013, during the AMT 1
Workshop. The UA team proposed that a Delphi survey method (Hess and King 2002, Scolozzi et al.
2012, O’Neill et al. 2008) be used to prioritize and focus our MQ_list.

Following the AMT workshop, we submitted the 72 MQs to the AMT and Technical Team for
prioritization. Each member was to rank 20 questions that were their top priority questions, and 20
additional questions that were of a lower tier of priority. After receiving 13 responses (representing
most of the AMT), we tallied the ranks for each question, reordered them based on those tallies, and
sent the ranked questions for another round of ranking. The second round yielded 16 responses that we
again tallied and sorted accordingly. The questions were sent out for a final ranking and we received 13
responses. By the final ranking, there were a clear set of 20 MQs that were considered the highest
priority by the AMT and Technical Team (Table B-2). These questions were consistently ranked the
highest priority by over half of the AMT and therefore are widely representative of the top issues for the
region by land managers.
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Table B-2. MQs selected by the AMT for analysis as part of the North Slope REA.

Abiotic Change Agents (Section C)

AB-1

Is the fire regime changing on the North Slope and what is the likely future fire regime (or range
of regimes) based on climate projections and current knowledge of the relationships between
climate and fire?

AB-2

How will permafrost change spatially and temporally over the next two decades?

TC-3

How will changes in precipitation, evapotranspiration, and active layer depth alter summer
surface water availability in shallow-water and mesic/wet tundra habitats and how reliable are
these projections?

TC-5

How is climate change affecting the timing of snow melt and snow onset, spring breakup and
green-up, and growing season length?

Anthropogenic Factors (Section E)

AP-1

What physical and perceptual limitations to access to subsistence resources by local residents are
caused by oil/gas activities?

AP-2

How are oil, gas, and mineral development on the North Slope impacting near- and far-field air
quality, with particular emphasis on communities and “sensitive class 2” areas such as ANWR,
Gates, Noatak?

AT-1

What parameters can help measure impacts from anthropogenic activities independently of
natural cycles and vice versa?

AT-2

What potential impacts will oil/gas exploration and development have on CE habitat?

AT-3

What additional contaminants baseline data are needed for fish, birds, marine and terrestrial
species, particularly those that affect the health and safety of subsistence foods?

AF-2

What are the measurable and perceived impacts of development on subsistence harvest of fish?

TF-3

What are the measurable and perceived impacts of development on subsistence harvest of
caribou?

Aquatic Coarse Filter CEs (Section 1)

AC-1

How does water withdrawal from lakes for oil and gas activities (year-round industrial and
domestic use and winter operations) affect lake water quantity and water quality,
outflow/stream connectivity, and down-basin stream habitat?

Aquatic Fine Filter CEs (Section J)

AF-1

What are baseline characteristics and trends in fish habitat (lakes and streams), fish distribution,
and fish movements?

AC-2

How does oil and gas infrastructure (e.g., roads, pads, pipeline), both permanent and temporary,
affect fish habitat, fish distribution, and fish movements?
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Terre

strial Coarse-Filter CEs (Section G)

What are the impacts of oil/gas development (i.e. gravel pad and road construction; pipeline

TC-1 | construction) on vegetation and hydrology? (Known impacts include burial, dust, saline runoff
and altered soil moisture.)

TC2 What are the changes in habitat and vegetation related to changing permafrost conditions, and
what will these changes mean to wildlife and habitats?

TC-4 | What are the expected changes to habitat as a result of coastal erosion and coastal salinization?

Terrestrial Fine-Filter CEs (Section H)

TEA What are the baseline data for the species composition, numbers of individuals, vegetation type
used, and change in numbers/species composition of land birds and their habitat over time?

TE-2 What are caribou preferences for vegetation communities? Where do these vegetation
communities exist?

T4 What are caribou seasonal distribution and movement patterns and how are they related to

season and weather?

2.4.

The A

Project Team

laska Natural Heritage Program (AKNHP) served as the lead for this REA, with close collaboration

from the Scenarios Network for Alaska and Arctic Planning (SNAP), Institute of Social and Economic

Resea

rch (ISER), and Meg King and Associates. Throughout this document this team is collectively

referred to as the University of Alaska (UA) Team. The UA Team as a whole was responsible for assessing

the current and potential future status of CEs at the ecoregional scale and their relationships to CAs, as

well a
BLM.

s addressing the Management Questions (MQs), identifying data gaps, and delivering data to the
Project leads are identified for the various sections reflecting the multi-disciplinal expertise and

knowledge used in assessing this region.
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2.5. Land Owners and Stakeholders

Barrow
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Figure B-1. Land management status in the North Slope study area in 2014.

Community meetings were an important part of this REA to ensure broader regional stakeholders were
included and informed about the effort. The UA team and BLM State and Field offices coordinated
informational meetings with the North Slope Borough Planning Commission as part of a series of three
community meetings: the 1 meeting was held 26 September 2013, the 2" meeting was held 30
October 2014, and the 3" meeting will be held after completion of the project, tentatively scheduled for
September 2015. The Planning Commission was chosen for our community meetings, as representatives
from each of the North Slope villages regularly attend those meetings. During these meetings the UA
team informed the planning commission about the REA process, its expected outcomes, and gathered
input on CEs, CAs, and MQs.

A larger stakeholder group was also informed on the status of the assessment through a series of four
newsletters (spring 2014, summer 2014, spring 2015, and anticipated delivery fall 2015). Each
newsletter was delivered by hard copy via the postal service and through e-mail, reaching a group of
almost 200 interested parties ranging from local business owners to state government officials.
Correspondence and questions on expected products were exchanged via e-mail in a few instances
between the UA team and regional stakeholders.


https://www.arcgis.com/home/webmap/viewer.html?url=https://landscape.blm.gov/NOSArcGIS/rest/services/NOS_2012/NOS_Section_B_Introduction_Figs_B1toB2/MapServer

Additional stakeholder engagement came from the representatives of various state and federal agencies
that manage land parcels within the North Slope study area (Figure B-1) that served on the Assessment
Management Team (AMT) and Technical Team (Tech Team). The AMT and Tech Team provided
guidance and direction to the objectives of the assessment through regular project communication and
meetings (interim project memos and presentations can be accessed
here: http://aknhp.uaa.alaska.edu/landscape-ecology/north-slope-rea/products/). The Bureau of Land

Management, State of Alaska, US Fish and Wildlife Service, and National Park Service are the primary
land management agencies by area in the North Slope study area (Table B-3). A full list of AMT and
Technical Team members is included after the cover page.

Table B-3. Total area and percent of study area by land management status.

Land Ownership Area (km?) Percent of Total Study Area
Bureau of Land Management 97,364 39%

State Patent or TA 49,493 20%

Fish and Wildlife Service 45,834 18%

National Park Service 29,165 12%

Native Patent or IC 23,134 9%

State Selected 3,009 1.2%

Native Selected 1,674 0.7%

Department of Defense 81 0.03%

Private 0.05 0.00%
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3. Description of Rapid Ecoregional Study Area

The assessment area, referred to in this REA as the North Slope study area, consists of three ecoregions
as defined by Nowacki et al. (2001): the Beaufort Coastal Plain, Brooks Foothills, and Brooks Range north
of the crest of the range (Figure B-2). These ecoregions are described below. The ecoregions represent a
unified mapping approach that blends traditional approaches (Bailey et al. 1994, Omerrnik 1987) with
regionally-specific knowledge and ecological goals. The assessment boundary, following BLM guidelines,
constitutes the three component ecoregions and any 5" level hydrologic units that intersect the
ecoregion boundaries. The inclusion of intersecting hydrologic units results in a significant portion of the
Assessment Area extending south of the crest of the Brooks Range.

Nuigsut Prudhoe

Wainwright

. el Kaktovik
Beaufort Coastal qul,:in

Point
Hope

Brooks Foothills

Kivalina\e@

N
Legend

A :l Assessment Boundary

Beaufort Coastal Plain
9 2 S0 Mlies Brooks Foothills
| 1 1 | X
: ; ! ! I Brooks Range (north of ridge crest)
0 100 200 Kms

Figure B-2. Ecoregions included in the North Slope study area.

The North Slope study area is almost entirely treeless arctic tundra, hosting numerous ecological
resources and phenomena that are not found elsewhere in the state or country. The extremely cold
climate, long dark winters, and short nightless summers generate a major influence over the landscape
and resident organisms. The action of ice and soil dynamics generate unique landform patterns such as
patterned ground, polygons, pingos, and thermokarst depressions. While species diversity is low relative
to other regions, a number of species are endemic to the North Slope study area (e.g., Poa hartzii ssp.
alaskana and Alaska marmot [Marmota broweri]); and the area is home to other iconic arctic species
with broader distributions such as polar bears, arctic foxes, and ivory gulls. Additionally, the North Slope
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supports an abundance of nesting shorebirds and waterfowl. Herds of thousands of caribou continue
mass migrations to calving and summer ranges in the study area.

Ecosystems in the Arctic are often considered to be pristine, as large-scale habitat conversion and
landscape fragmentation has remained limited; however, oil and gas and mining industries are
expanding, high levels of contaminants are present, and the region is also facing some of the most rapid
and dramatic changes in climate globally (Hinzman et al. 2005). Arctic ecosystems are expected to face
an array of impacts from a warming climate, stemming from both direct and indirect effects (e.g.,
increasing tundra fire frequency, increasing active layer depth, and establishment of invasive species;
[Chapin et al. 2005, Lassuy and Lewis 2013]). Additionally, arctic systems are inherently fragile, and once
altered are very slow to return to previous states (see Woodin and Marquizz 1997). Arctic systems are
defined by extreme conditions and have seen significant climatic and environmental change in the past
10,000 years.

3.1. Coastal Plain

The Coastal Plain gradually ascends from the Arctic Ocean south to the foothills of the Brooks Range.
Terrain is flat to undulating and underlain by unconsolidated deposits of marine, fluvial, glaciofluvial,
and aeolian origin. Climate is dry polar with short, cool summers and long, cold winters. Summers are
frequently foggy due to the close proximity to the Arctic Ocean. Annual precipitation is low and mostly
falls as snow during the winter. Permafrost is continuous throughout the Coastal Plain except for under
large rivers and thaw lakes. Permafrost and frost processes contribute to a large variety of surface
features, such as pingos, ice-wedge polygons, and oriented thaw lakes (Figure B-3A). Soils are typically
saturated mineral substrates and some have thick organic layers because permafrost prevents surface
drainage. Thaw lakes cover up to 50% of the coastal plain and the entire region supports wetland
communities. Vegetation is treeless and is dominated by wet sedge tundra, tussock tundra, and sedge-
dwarf shrub tundra. Low willows are abundant along well-drained riverbanks. Anadromous Arctic cisco,
broad whitefish, least cisco, and Dolly Varden char overwinter in the numerous large, braided rivers that
originate in the Brooks Range. Smaller streams freeze completely in winter. During summer, fish migrate
to nearshore waters. The coastal plain supports and serves as calving grounds for large caribou herds.
Other herbivores include musk ox, lemmings, and arctic ground squirrels. Predators include such species
as gray wolves, arctic foxes, and brown bears. Polar bears den on the Coastal Plain. The region supports
a high abundance and diversity of breeding shorebirds, ducks, geese, swans, and passerines.

The majority of the human population in the North Slope study area is concentrated on the Beaufort
Coastal Plain. Primary communities include Point Lay, Wainwright, Atgasuk, Barrow, Nuigsut, and
Kaktovik. Most communities have resident populations of less than 600 individuals. Barrow is the largest
community, with over 4,000 individuals, and is the regional hub of goods and services. Prudhoe Bay and
the surrounding oil fields are industrial complexes with associated support services, maintaining a
population of over 2,000 largely transient workers; it is the only population center connected to the
state road system in the region. The majority of oil and gas development has been focused on the
Coastal Plain.
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3.2. Brooks Foothills

The Brooks Foothills consist of gently rolling hills and broad exposed ridges that extend along the
northern flank of the Brooks Range. Narrow valleys and glacial moraines and outwash are interspersed
among long, straight ridges and buttes composed of tightly-folded sedimentary rock (Figure B-3B). The
surface is overlain with colluvial and aeolian deposits. A dry, polar climate dominates the region,
although it is slightly warmer and wetter than the Coastal Plain. Permafrost is thick and continuous.
Slope related periglacial features such as solifluction lobes and stone stripes are common. Soils range
from well drained mineral substrates to saturated organic horizons. The soil in the lower foothills is
frequently basic while the soil in the upper foothills is often acidic. Dominant vegetation classes include
expanses of shrub-sedge tussock tundra, willow thickets along rivers, and Dryas tundra on ridges.
Calcareous areas support sedge-Dryas tundra. Braided streams and rivers are numerous and support
large populations of Arctic char and Arctic grayling. Lakes are infrequent. Herbivores include caribou,
musk ox, and arctic ground squirrels. Predators include gray wolves, brown bears, and peregrine falcons.

The coastal communities of Point Hope and Kivalina are two of the primary population centers in the
Foothills ecoregion. Red Dog Mine is located in this region and is connected to Kivalina by an access
road.

3.3. Brooks Range

This east-west range is the northern extension of the Rocky Mountains. Accreted terranes originating
from the Arctic Ocean underlie most of the range. The central portion of the range consists of steep,
angular summits of sedimentary and metamorphic rock flanked by rubble and scree (Figure B-3C). Rivers
and streams cut narrow ravines into the terrain. During the Pleistocene, the higher portions of the range
were glaciated and remnant glaciers still remain in some cirques. Permafrost is continuous north of the
crest of the range. The eastern and western portions of the range are less rugged. A dry, polar climate
dominates the land. Winters are long and cold, and summers are short and cool. Temperature decreases
rapidly with increasing elevation. Valleys and lower slopes north of the crest of the range are dominated
by mixed shrub-sedge tussock tundra with willow thickets along rivers and streams. Higher elevation
slopes and ridges are dominated by alpine tundra or are largely barren. Arctic grayling occur in
groundwater-fed springs and streams. Herbivores include Dall sheep, marmots, and caribou. Primary
large predators include gray wolves and brown bears.

Anaktuvuk Pass is the only community in the Brooks Range ecoregion. Although close to the Dalton
Highway, access is still very limited to the village. Anaktuvuk Pass is the only interior native village in the
North Slope study area.
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Figure B-3. Ecoregions included in the North Slope study area: Beaufort Coastal Plain (A), Brooks
Foothills (B), and Brooks Range (C).

3.4. Assessment Boundary and Scale

As per BLM guidance, reporting units for the North Slope REA are at the landscape level in scale and
intent. For most analyses, the BLM has specified that data be reported at the 5" level, 10-digit,
hydrologic unit code (HUC) with raw data being provided at 30 m grid cells for raster data or other
native resolution as appropriate. Climate data will be provided at a resolution of 800 m grid cells and
therefore any climate related questions will be answered at this scale as well. Many of the primary
landscape level datasets for Alaska are also coarser than the 30 m pixel resolution recommended by the
BLM (for example, the best available resolution for Digital Elevation Model is at 60 m pixels). Thus the
ultimate reporting unit of each analysis was limited by the coarsest resolution of the data. In general,
however, raw data was provided at 60 m grid cell resolution, and results are reported at the 5" level
HUCs.

3.5. Ecoregional Conceptual Model

The Ecoregional Conceptual Model portrays an understanding of critical ecosystem components,
processes, and interactions (Figure B-4). By summarizing known and accessible existing information and
hypotheses on the structure and function of ecosystems, the Ecoregional Conceptual Model provides
the framework to assess ecological conditions and trends. The model also offers justification for the
selection of CAs and informs the selection of CEs.
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Figure B-4. Ecoregional Conceptual Model for the North Slope study area.

The Ecoregional Conceptual Model for the North Slope study area is divided into the following

components:
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Principal ecosystem resources, including vegetation, animals, soil resources, freshwater
resources, and ocean (coastal zone).

Ecosystem drivers, including climate and atmospheric conditions (i.e., precipitation,
temperature, cloud cover etc.) and landscape setting (i.e., geology, elevation, and proximity to
ocean)

Anthropogenic (land use, commercial / sport harvests, recreation) and non-anthropogenic CAs
(climate change, fire, and invasive species).

Relationships between ecosystem resources with interactions between them identifying key
ecosystem processes and functions (for example, soils resources provide nutrient and
sedimentation inputs into freshwater systems).

Relationships of ecosystem drivers and CAs as external forces for ecosystem resources (for
example, climate change is expected to alter composition, structure, and productivity of the
ecosystem, which in turn is likely to affect soil resources and nutrient cycling).



4. Assessing Current and Future Conditions

In addition to performing the core analysis between CEs and CAs, we examined the general landscape to
describe overall conditions. Key to this assessment was an evaluation of landscape integrity. Landscape
integrity is derived from modeling landscape condition and intactness. Landscape condition examines
the level of human modification on the landscape, while intactness provides a measure of fragmentation
across the region. When taken in combination with CE distributions (Figure B-5), our assessment can be
used to infer overall ecological integrity of the region.

Arablivuh Paia

A pitvub Fapn

Figure B-5. Example process of assessing status of a Conservation Element (CE). Landscape condition (A) is
extracted to the distribution of a CE (B) to generate the CE status (C). Warmer colors in the CE status represent
areas of lower expected ecological condition.

Finally, we explore future landscape integrity and potential impacts to CEs through multiple measures of
landscape change. First, we model future landscape condition using forecasts of the future human
footprint. The future landscape condition was then used to inform future landscape intactness for an
initial look at future landscape integrity. Additionally, we developed a tool to examine the cumulative
impacts of all the CAs to begin identifying vulnerable landscapes. When compared to CE distributions,
our assessment can provide insight into potential future ecological integrity.
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5. Scope, Intent, and Limitations

With all landscape-level assessments, it is important to define the scope and intent of a study. REAs are
designed to synthesize existing information to be used as a planning tool primarily at the regional level.
Thus, results from this work are intended to guide general perceptions of issues, resources, and areas of
greater and lesser concern, rather than implementation of site-specific management actions. We
present here a synthesis of the current state of knowledge about how these ecoregions might change in
the future so that land managers and other regional stakeholders can better plan for a changing
environment.

While this report synthesizes the best available scientific knowledge about the ecoregion, many of the
results presented are derived from incomplete information. Furthermore, no new data collection was
permitted by the REA process, and data availability was limited for some CAs and CEs. Therefore
information from outside of the REA was often used to develop and parameterize our models.
Additionally, since theoretical and predictive models are simplified representations of complex
ecological relationships, models do not incorporate all elements and relationships that are in fact
operating on the landscape. The assumptions and limitations inherent in any modeling are important to
understand, as these assumptions define the context in which the results are meaningful. We highlight
the limitations and assumptions throughout this document to help the reader best understand the
utility of these models. It is important to remember that model uncertainty can come from many
different sources, including the raw data itself, and that interpretation should account for the regional-
scale nature of this assessment.

Another key source of uncertainty is the inherent uncertainty in predicting future conditions.
Specifically, human behavior and land use is very hard to predict, especially in the long-term. Thus, any
future land use should only be considered as potential land uses. While we were able to leverage an
ongoing and complimentary oil and gas development scenario project (see section E), this was limited to
only oil and gas related development. A more robust approach of future land use would require an
examination of multiple scenarios to bracket the uncertainty associated with all future human land use
and development. This assessment is designed to provide a model of possible future conditions, but
should not be considered a prediction, nor do we assign any probability or likelihood that any given land
use would happen in the future.

Finally, it is important to note that information contained in this assessment is not meant to serve as
management guidelines, or be interpreted as recommendations on specific policies. This assessment is
intended to summarize the current state of this ecoregion, and identify ways in which the landscape,
and the dependent species and habitats, may change in the future. We make no predictions about
where specific species or habitats will be in the future. Maps and outputs derived from predictive
models should be considered representations of general patterns.
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C. Abiotic Change Agents
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Summary

Section C. Abiotic Change Agents provides the detailed descriptions, methods, datasets, results, and
limitations for the assessments of climate change, fire, and permafrost. The assessment of climate
change includes cliomes and relationships to vegetation.
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1. Climate Change

This portion of the Technical Supplement addresses climate as a Change Agent in the North Slope study
area, and is primarily concerned with assessing how climate may change over time. Climate variables
assessed in this section include temperature, precipitation, snow day fraction, day of freeze, day of
thaw, and climate clusters (“cliomes”) that are based on monthly temperature and precipitation data.
Other strongly climate-linked factors, including fire and permafrost, are addressed in following sections.

Human effects on climate are global rather than proximal. Thus, for the purposes of this project, climate
is considered a non-anthropogenic CA.

This section describes landscape-level model outputs, including the data sources, methods, and analysis.
It also touches briefly on feedbacks between climate and other CAs (fire and permafrost), although more
information on these feedbacks can be found in the applicable sections. The section also provides an
overview of potential impacts to Conservation Elements. Further information on these interactions can
be found in sections devoted to CEs (Sections G to J).

1.1. Introduction to Climate Change

The climate of far northern ecosystems is changing rapidly, resulting in thawing permafrost, altered
hydrology, and shifting biological processes, and warming is predicted to continue to be more extreme
at high latitudes than almost anywhere else on the planet. Predicting the magnitude and effects of these
changes is crucial to planning and adapting (Hinzman et al. 2005). Not only are arctic and sub-arctic
systems vulnerable to climate shifts, but they are also central to feedbacks important to global systems
(Chapin et al. 2005).

Climate change will likely drive multiple types of change in the North Slope study area. Climate variables
can directly impact coarse-filter and fine-filter CEs, but are also part of feedback loops with other CAs,
such as fire and invasive species. Understanding the relationship between climate change and these
elements is a complex problem, but ultimately a crucial one for decision-making by policymakers and
land managers.

Computer models that simulate relationships between climate, vegetation, and fire are important tools
for understanding and projecting how the future may appear (Rupp et al. 2007, Kittel et al. 2000). Here
we employ simulation models to assess climate change in the context of historical, current, near-term
(presented as a decadal average for the 2020s), and long-term (presented as a decadal average for the
2060s). Climate data were primarily derived from datasets created and managed by the Scenarios
Network for Alaska and Arctic Planning (SNAP), with subsets of the available data selected based on the
needs of the project.

Historical Climate

These ecoregions have an arctic climate, with long cold winters and brief summers. Climate varies
depending primarily upon elevation and proximity to coastlines, with extreme cold at high elevations,
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some seasonal moderation on the coast, and slightly warmer summers in the interior Arctic. With mean
annual temperatures well below freezing in most areas, permafrost is almost continuous, except in
isolated locations, typically associated with waterways.

Historical weather station data for the REA study area are limited, but can be augmented with
interpolated data, as shown in Table C-1. Historical climate station data are available from the Alaska
Climate Research Center, ACRC (http://climate.gi.alaska.edu/), with “Climate Normals” representing
mean values for 1981-2010. Note that although winter temperatures and mean annual temperatures
are warmest to the west, in Point Hope, summer temperatures tend to be warmer inland.

Table C-1. Measured and estimated historical mean monthly temperatures (°F). For some locations, no historical
climate station data (Climate Normals for 1981-2010) are available from the Alaska Climate Research Center, ACRC
(http://climate.gi.alaska.edu/).

::Iar:‘iit: Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
/;;':sk:”"”k 13|15 | 9 | 5 | 30 | 48 |52 |46 | 32| 8 | 6 |-15| 14
Atgasuk* -18 | -22 | -17 -1 22 41 50 46 33 13 -6 -16 10
Barrow -13 | -14 | -13 2 21 36 41 39 32 17 1 -8 12
Barrow* -13 | -18 | -15 -2 20 34 39 38 31 14 -2 -11 10
Deadhorse* -19 | -18 | -14 1 22 39 49 45 33 15 -10 | -15 11
Kaktovik* -15 | -21 | -16 -2 20 35 41 40 32 14 -2 -13 9
Kivalina 6 7 9 20 37 49 56 54 46 27 15 11 28
Nuigsut -15 | -17 | -15 2 24 43 50 45 36 18 -2 -9 13
Point Hope* -2 -10 -6 6 26 40 47 47 39 23 8 -3 18
Point Lay* -13 | -24 | -16 3 22 40 46 45 35 20 3 14 15
Prudhoe Bay | -10 | -10 -7 9 28 45 53 50 39 22 2 -4 18
Wainwright -12 | -14 | -14 2 23 40 46 44 35 20 2 -7 14

*Data come from interpolated baseline climate data (1961-1990) from the Scenarios Network for Alaska and Arctic
Planning (SNAP). All others are ACRC Climate Normals.

Historical data for precipitation are available from the Alaska Climate Research Center, ACRC
(http://climate.gi.alaska.edu/) only for Barrow, where monthly mean precipitation (in rainfall

equivalent) ranges from 0.13 inches in January to 1.05 inches in August, with an annual total of only 4.5
inches.

Interpolated data also indicate dry conditions across the region, with lowest annual precipitation along
the Arctic Coast, and slightly higher precipitation in the mountainous regions of the Brooks Range and
foothills (for state-wide data see: http://www.snap.uaf.edu).
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1.2. Methods

Given that REA projects must largely rely on preexisting data, we looked at available datasets at a range
of scales that encompassed Alaska. While several global climate models offer data for the area, it is
extremely coarse in resolution, and not validated specifically for Alaska. The finest-scale and most
reliable climate models and data were found via The Scenarios Network for Alaska and Arctic Planning
(SNAP), at the International Arctic Research Center at the University of Alaska Fairbanks.

SNAP Climate Data

SNAP projections focus on the five available Global Circulation Models (GCMs) that perform best in the
far north. Global Climate Models (GCM) are developed by various research organizations around the
world. At various times, the United Nations Intergovernmental Panel on Climate Change (IPCC) calls
upon these organizations to submit their latest modeling results in order to summarize and determine
the current scientific consensus on global climate change. There have been five assessment reports from
the IPCC (in 1990, 1995, 2001, 2007, and 2014). In support of the more recent reports, the Coupled
Model Intercomparison Project (CMIP) was initiated. Although the Fifth Assessment Report contains the
most contemporary estimates of climate change, the data were not available prior to the beginning of
this assessment. Therefore, we utilized the CMIP3 model outputs from the IPCC’s Fourth Assessment
Report (AR4) for this assessment.

SNAP obtains GCM outputs from the Lawrence Livermore National Laboratory Program for Climate
Model Diagnosis and Intercomparison (PCMDI) data portal. PCMDI supports Coupled Model
Intercomparison Project (CMIP) and is dedicated to improving methods and tools for the diagnosis and
intercomparison of Global Climate Models that simulate global climate. SNAP utilizes the first ensemble
model run and the historical 20C3m scenario as well as the projected B1, A1B, and A2 datasets for
downscaling, representing optimistic, mid-range, and slightly more pessimistic (but not extreme)
emissions scenarios (IPCC SRES 2000).

SNAP climate datasets have been downscaled using the Delta method (Fowler et al. 2007, Prudhomme
at al. 2002) to 771 meter resolution using PRISM (Parameter-elevation Regressions on Independent
Slopes Model) interpolated data (Daley et al. 2008), which takes into account slope, elevation, aspect,
and distance to coastlines. This downscaling uses a historical baseline period of 1971-2000. This baseline
was carried over for use in the North Slope REA for consistency across REAs in Alaska.

Outputs derived from these climate datasets include temperature and precipitation data at monthly
resolution. These data have also been analyzed to create multiple derived climate datasets. Based on
interpolation of running means, we created datasets estimating the date at which temperatures cross
the freezing point in the spring and fall (termed “thaw date” and “freeze date”). In addition, we used
temperature data to create spatial estimates of monthly estimated snow fraction.

Although this project focused on the A2 emissions scenario, several recent studies shows that many risks
now appear greater than they were originally calculated to be for the scenario, including biological and
geological carbon-cycle feedbacks and actual measurable increases in greenhouse gas emissions, which
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have accelerated recently (Fussel 2009). Although the IPCC’s most recent report, the fifth Assessment
Report (AR5), refers to four Representative Concentration Pathways (RCPs) rather than the scenarios
described in the Special Report on Emissions Scenarios (SRES) published in 2000, the slightly older model
outputs used in this analysis are still relevant within the new framework. The A2 scenario outputs fall
between those of RCP 6 (a mid-range pathway in which emissions peak around 2080, then decline) and
RCP 8.5, the most extreme pathway, in which emissions continue to rise throughout the 21st century
(Rogelj et al. 2012). The A2 scenario describes a heterogeneous world with high population growth, slow
economic development, and slow technological change. As such, it ultimately predicts high carbon
emissions, as less developed nations are driven to higher burning rates of dirty fuels, with few
population checks or cleaner technologies to temper these emissions. However, the most rapid change
does not occur until later in this century, with considerable lag time, since slow economic development
suggests few immediate increases in worldwide fuel use.

For this project, an average of the five downscaled GCMs was used in order to minimize uncertainty due
to model bias. We used decadal averages, as opposed to data for single years, in order to reduce error
due to the stochastic nature of GCM outputs, which mimic the true inter-annual variability of climate.
Thus, the project used climate data for the 2020s rather than just 2025, and the 2060s decade rather
than the single year 2060.

Source Datasets

For the purposes of addressing both the MQs and the core analysis (i.e., examining the relationship
between climate and selected CEs), we provided both primary and derived climate data as described
above and as listed below in Table C-2. These datasets were used in general discussion and analysis of
climate change. A subset of these data were also selected to analyze the potential impacts of climate
change on CEs, based on attributes and indicators determined from the literature, as described in this
document. These datasets were used in conjunction with maps of CE distribution as a basis for spatial
analysis and for qualitative discussion.
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Table C-2. Climate source data used in the REA analysis.

Dataset Name

Data source

Baseline temperature data, 1971-2000, 771 m resolution. SNAP/PRISM
Baseline precipitation data, 1971-2000, 771 m resolution. SNAP/PRISM
Monthly precipitation projections, CMIP3/AR4, A2 emissions scenario, 5-model SNAP
average, 771 m resolution, decadal means, 2010s, 2020s, 2060s.

Monthly temperature projections, CMIP3/AR4, A2 emissions scenario, 5-model SNAP
average, 771 m resolution, decadal means, 2010s, 2020s, 2060s.

Date of thaw (DOT) projections, CMIP3/AR4, A2 emissions scenario, 5-model average, SNAP
771 m resolution, decadal means, 2010s, 2020s, 2060s.

Date of freeze (DOF) projections, CMIP3/AR4, A2 emissions scenario, 5-model SNAP
average, 771 m resolution, decadal means, 2010s, 2020s, 2060s.

Length of growing season (LOGS) projections, CMIP3/AR4, A2 emissions scenario, 5- SNAP
model average, 771 m resolution, decadal means, 2010s, 2020s, 2060s.

Monthly snow day fraction projections, CMIP3/AR4, A2 emissions scenario, single- SNAP
model outputs for five models, 771 m resolution, decadal means, 2010s, 2020s, 2060s.

Cliomes, 18-cluster data, 2 km resolution, based on SNAP monthly temperature and SNAP

precipitation date

Interpretation and Analysis

The process model of downscaled climate products (Figure C-1) demonstrates the linkages between

source data, intermediate results, and final products or outputs. Fire, permafrost, and climate-biome

models will be discussed separately. Outputs included under “Climate Model” are described below.

Temperature

All twelve months of temperature data have been provided as part of this project. However, given that it

would be impractical to include all these datasets as map outputs in this document, we focused our

analysis on outputs for the hottest month (July) and coldest month (December). Note that other months

(or averages across months) were used as appropriate based on attributes and indicators when

analyzing temperature in relation to specific CEs.
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Figure C-1. Process model of downscaled climate products.

Precipitation and Snow-Day Fraction

We similarly focused our analysis of precipitation and snow-day fraction on a subset of the data. In this
case, we present map outputs for three-month averages for summer (June, July, August) and winter
(December, January, February) precipitation, as well as mean annual precipitation.

Precipitation data do not distinguish between rainfall and snowfall. However, assessing many crucial
ecosystem effects and impacts to CEs requires clearer knowledge of snow patterns, particularly with
regard to the total length of the snow season, the likelihood of rain-on-snow events, and potential
changes in snow cover, snow pack, and timing and season of snowmelt and runoff. While some of these
issues remain as data gaps, estimates of snow-day fraction (the percentage of days in which any
precipitation that falls is likely to be snow, as opposed to rain, for a given month) helped inform the core
analysis and address management questions for this REA. These estimates were produced by applying
equations relating snow-day fraction to downscaled decadal average monthly temperature. In order to
provide the greatest accuracy, separate equations were used to model the relationship between decadal
monthly average temperature and the fraction of wet days with snow for seven geographic regions
covering the entire state (McAfee et al. 2013).



Day of Freeze, Day of Thaw, and Growing Season

Estimated ordinal days of freeze and thaw are calculated by assuming a linear change in temperature
between consecutive months. Mean monthly temperatures are used to represent daily temperature on
the 15th day of each month. When consecutive monthly midpoints have opposite sign temperatures,
the day of transition (freeze or thaw) is the day between them on which temperature crosses 0°C. The
length of growing season refers to the number of days between the days of thaw and freeze. These
calculations are only an estimate of the true occurrence of freeze and thaw. True transitions across the
freezing point may occur several times in a year, or not at all. Moreover, it should be kept in mind that
these metrics are not equivalent to notions of freeze and thaw (or “freezeup” and “breakup”) in
common parlance, since these generally refer to the behavior of river ice, sea ice, or frozen soils. Lag
times can be expected before these occurrences take place, and these lag times will vary based on
characteristics of the water body in question.

1.3. Results

Here we examine the relationship between current, near-term, and long-term climate variables. We also
address climate-specific MQs. Due to the formatting of climate data as decadal means, “current” data
will be considered to be the decade 2010-2019, while 2020s will be represented by data from 2020-
2029, and 2060s will be represented by data from 2060-2069.

Due to the resolution of the climate data and the most appropriate and manageable level to discuss and
analyze it, given inherent uncertainties, some outputs are given at the resolution of sub-regions. These
sub-regions were carefully selected, based on examination of the published literature and additional
application of expert opinion, in order to capture east-west ecological zones as well as north-south
delineations (Nowacki et al. 2001). Nine such sub-regions were defined within the REA region, as shown
in Figure C-2.

Uncertainty and stochasticity are inherent to the predictive models used to create climate projections.
Not only is prediction imperfect, but these models intentionally incorporate variability similar to the
natural month-to-month, year-to-year and even decade-to-decade variability seen in real climate data.
Model sensitivity will be discussed further below, in the separate Temperature and Precipitation
sections.
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Figure C-2. Terrestrial sub-regions defined for the North Slope study area.

As previously noted, all data shown in the maps below has been served in raw form at 771 m resolution.
It was determined that producing tabular output for all 5™_Jevel HUCs would be cumbersome and of
little use to managers. However, given the particular interest in changing climate in communities and
immediately surrounding areas, we extracted data for all 5"-level HUCs that contain communities. Many
of these outputs are presented in tabular form in the results, below.

Monthly, seasonal, and annual temperatures and precipitation are all expected to increase in the REA,
with higher uncertainty associated with precipitation than with temperature. Temperature increase is
expected to be relatively minimal in the near future. In the long-term, however, climate warming trends
are clear and significant. Precipitation increases are more pronounced in the near-term, with the rate of
change appearing to decelerate in the long-term.

Temperature Sensitivity Analysis

In order to provide a sensitivity analysis for the GCM model outputs used as the core of SNAP climate
analyses, we analyzed the variability of model outputs across the five GCMs used to create the
composite outputs used in this report. The standard deviation among these models can serve as a
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measure of uncertainty, encompassing both the uncertainty associated with model calibration and
accuracy, and the uncertainty associated with the natural stochasticity built into all GCMs. GCMs are
designed and intended to replicate not only accurate mean values for climate variables, but also normal
variability in weather patterns across short and long time periods (attributable to such factors as daily
and monthly weather variations and longer-term fluctuations such as the Pacific Decadal Oscillation).
Thus, assessments based on mean GCM values can be considered to be more robust if trends in those
mean values fall outside at least one standard deviation of the means of multiple models.

Cross-model standard deviations for temperature are shown in Table C-3. These values are averaged
across decades and across all pixels in the study area. According to this table the potential variation for
any given cell is, on average, 1.3°C. Thus, projected shifts greater than 2.6°C from baseline temperatures
can be considered statistically significant. Projected shifts of 1.3-2.6°C may still be significant, while
changes of less than 1.3°C could be due to model variability and may not represent actual changes.
However, this must be understood to be an estimate. As seen in Table C-3, inter-model variability
appears to be higher in winter and spring months than in summer and autumn.

Table C-3. Inter-model standard deviations in projected monthly temperature, A2 emission scenario (°C).

Decade |Jan | Feb | Mar | Apr | May (Jun |Jul | Aug | Sep | Oct | Nov | Dec | mean

2010s 28 |12 |24 1.7 |09 08 (10 (09 |07 |10 |18 10 |14

2020s 1.7 |20 |17 1.5 |09 05 (04 (06 |05 |06 |08 |23 |11

2060s 26 |16 |15 1.1 0.7 09 (14 |09 |12 |14 |12 13 |13

mean 24 |16 |19 14 |0.8 07 |09 (08 |08 |10 |13 15 |13

Winter Temperature

Model outputs for January temperature (Figure C-3) show that warming is predicted throughout the
North Slope study area in the coldest month of the year. As can be seen in Table C-4, January
temperatures are expected to warm slightly more in the more eastern parts of the North Slope study
area, with increases of about 4.5°C (8°F) by the 2060s. In the western areas, increases of about 4.0°C
(7°F) are expected. Based on the above sensitivity analysis, this can be considered a significant trend
over the long-term and a possibly significant trend in the near-term. Inclusion of minimum and
maximum values for each decade shows that significant variability exists within each dataset, but that
the trend for mean values is also the trend for maximum and minimum values.

C-9




Table C-4. January temperature projections by terrestrial sub-regions (°C).

Sub-region Current | Near-term | Long-term | Change (2010s to 2060s)
mean -23.1 -23.0 -19.2 3.9
Western Coastal Plain | min -24.9 -24.6 -21.2 3.7
max -21.0 -20.8 -16.8 4.2
mean -25.0 -24.5 -20.8 4.2
Central Coastal Plain min -27.2 -26.5 -23.1 4.1
max -22.4 -22.1 -18.4 4.0
mean -24.6 -24.0 -20.1 4.5
Eastern Coastal Plain min -25.5 -25.0 -21.2 43
max -23.4 -22.6 -18.6 4.8
mean -21.7 -214 -17.7 4.0
Western Footbhills min -26.7 -26.3 -23.0 3.7
max -13.6 -13.5 -9.2 4.4
mean -24.7 -24.0 -20.7 4.0
Central Foothills min -28.1 -27.4 -24.0 4.1
max -19.1 -18.3 -15.1 4.0
mean -23.7 -23.0 -19.3 4.4
Eastern Foothills min -26.2 -25.6 -22.0 4.2
max -18.5 -17.6 -14.0 4.5
mean -22.0 -21.3 -18.1 3.9
Western Brooks Range | min -25.1 -24.3 -21.1 4.0
max -14.6 -14.1 -10.6 4.0
mean -19.8 -18.9 -15.7 4.1
Central Brooks Range min -25.1 -24.1 -21.1 4.0
max -14.6 -13.6 -10.5 4.1
mean -20.5 -19.5 -15.9 4.6
Eastern Brooks Range min -28.4 -27.3 -23.7 4.7
max -16.3 -15.2 -11.8 4.5
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Figure C-3. Projected mean January temperatures.

Summer Temperature

These models show increased temperatures across the North Slope study area during the warmest
month of the year by 2060. July temperature projections are shown in Figure C-4, and summarized in
Table C-5. However, this warming trend is less pronounced than winter warming, and is not significant in
the near-term. The tempered near-term summer warming is likely due to a combination of factors,
including the inherent stochasticity and variability of the models, the short time frame, and the nature
of the A2 emissions scenario, which tends to predict accelerating change later in the century. Significant
summer warming is expected by the 2060s.

Summer warming is expected to follow a slightly different geographic pattern from winter warming,
with greater changes in the inland part of the North Slope study area and less change along the coast.
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Table C-5. July temperature projections by sub-region (°C).

Sub-region Current | Near-term | Long-term | Change (2010s to 2060s)
mean 10.5 11.2 11.8 1.3
Western Coastal I"roin 5.5 6.1 6.5 1.0
Plain
max 12.1 12.9 13.4 1.3
mean 7.7 8.4 8.7 1.0
Central Coastal Plain | min 4,5 5.1 5.5 1.0
max 11 11.8 12.3 1.3
mean 8.2 8.9 9.2 1.0
Fastern Coastal min 5.1 5.6 5.7 0.6
Plain
max 11.2 12.1 12.5 1.3
mean 11.3 12.1 12.7 1.4
Western Foothills min 7.4 8.1 8.9 1.5
max 12.5 13.2 13.9 1.4
mean 8.4 9 9.4 1.0
Central Foothills min 7.2 7.7 8 0.8
max 9.1 9.8 10.2 1.1
mean 9.6 10.3 11.1 1.5
Eastern Foothills min 1.7 2.4 3.2 1.5
max 15.1 15.6 16.6 1.5
mean 11 11.7 12.4 1.4
Western Brooks min 2.8 33 43 15
Range
max 13.5 14.2 15 1.5
mean 10.4 11.2 11.9 1.5
Central Brooks min 74 3 36 12
Range
max 13.1 13.9 14.7 1.6
mean 9.2 9.8 10.6 1.4
Eastern Brooks min 0.8 01 0.5 13
Range
max 15.7 16.2 17.2 1.5
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Precipitation Sensitivity Analysis

Cross-model standard deviations for precipitation are shown in Table C-6. The rationale for producing
these metrics is similar to that explained for temperature, above. Given that precipitation is more

variable than temperature, across both space and time, standard deviations among models tend to be

higher. Based on these values, variation in mean annual precipitation of less than 4.7 mm is not

statistically distinguishable from baseline values. Projected shifts of 4.6-9.2 mm can be considered

possibly significant, and a shift of more than 9.2 mm can be considered significantly different from

baseline values.
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Table C-6. Inter-model standard deviations in projected monthly precipitation, mm rainwater equivalent.

Decade | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | mean
2010s 3.8 | 33 2.1 2.2 1.8 59 | 7.1 6.2 7.1 | 35 2.7 2.9 4.1
2020s 47 | 2.6 2.7 3.1 2.5 65 | 51 (126 | 5.1 4 3.3 5.2 4.8
2060s 6 3.7 3 3.8 1.8 6.2 | 86 | 89 | 6.1 | 54 | 3.9 5.6 5.3
mean 48 | 3.2 2.6 3.0 2.0 6.2 | 69 | 9.2 6.1 | 43 3.3 4.6 4.7

Annual Precipitation

General geographic patterns of precipitation are likely to remain unchanged across the REA, even as
total precipitation increases slightly (Figure C-5). The southern mountainous part of the REA is shown to
experience more precipitation, in some cases with more than twice the rainwater equivalent. However,
more fine-scale variability in precipitation can be expected in areas with more complex topography. As
can be seen in Figure C-6, those regions that currently receive the most precipitation (i.e. the Brooks
Range) may see slightly greater increases than those that are currently drier.

Summer Precipitation

For some ecoregions within the REA, slight to moderate increases in summer (June, July, and August)
precipitation are projected (Figure C-7; Table C-7), with no significant change in precipitation in the
near-term, but a significant trend toward greater precipitation appearing by the 2060s. While mean
summer precipitation is modeled to be lower for nearly all sub-regions in the near term, the projected
decrease is not statistically distinguishable from baseline values. By the 2060s, precipitation may
increase by as much as 8%, although model variability is relatively high.

The pattern of change for summer months shows greater increases to the south and east, and little or
no change to the west, particularly on the coast. However, inter-annual variability is extremely high. This
variability, which mirrors the true variability in seasonal rainfall, poses a challenge for land managers
and local residents alike.
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Figure C-5. Projected annual precipitation (mm, rainwater equivalent).
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Figure C-6. Annual precipitation projections by terrestrial sub-regions (mm, rainwater equivalent). Current (white),
near-term (light gray), and long-term (dark gray) time steps are shown.
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Table C-7. Summer precipitation projections by ecoregion (mm, rainwater equivalent).

Sub-region Current | Near-term | Long-term | Change (2010s to 2060s)

mean 95 a0 95 0.0
Western Coastal i 88 83 87 1.0
Plain

max 109 102 109 0.0

mean 96 90 101 5.0
Central Coastal min 76 69 80 4.0
Plain

max 106 102 112 6.0

mean 97 89 102 5.0
Eas.tern Coastal min —_ 67 78 40
Plain

max 132 121 140 8.0

mean 131 127 134 3.0
Western Foothills min 88 88 91 3.0

max 198 190 205 7.0

mean 143 139 152 9.0
Central Foothills min 78 71 82 4.0

max 271 272 294 23.0

mean 140 132 148 8.0
Eastern Foothills min 77 70 81 4.0

max 273 266 292 19.0

mean 178 175 187 9.0
Western Brooks min 110 108 112 2.0
Range

max 344 348 373 29.0

mean 251 253 271 20.0
Central Brooks min 159 163 173 14.0
Range

max 426 429 462 36.0

mean 256 248 272 16.0
Eastern Brooks min 108 101 115 7.0
Range

max 422 426 458 36.0

Winter Precipitation

Unlike summer precipitation, winter precipitation is projected to increase across all sub-regions,
although the projected change is greater in the same areas that are likely to see the greatest change in
summer precipitation — that is, the Central Brooks Range sub-region. Changes in precipitation across
both the near-term and long-term are only of moderate significance. That is, projected increases are
greater than one standard deviation of inter-model variability, but for the most part less than two
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standard deviations. It should be noted that the units (mm) in this section refer to rain-water equivalent,
as “winter precipitation” does not necessarily mean snow (Figure C-8). Winter precipitation by sub-

region is shown in Table C-8.

Variability from year to year is of greater magnitude than the projected trend associated with climate

change. Moreover, the slight increases in winter precipitation predicted by these models may not result

in increased snowfall or greater snowpack, since associated warming may mean that a greater

percentage of this precipitation falls as rain, as discussed below.
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Figure C-8. Winter precipitation projections (mm, rainwater equivalent).

In terms of the hydrology of the region, results seem to indicate that the foothills may get drier, but the
mountains might get slightly more precipitation. If this is the case, we might see hydrographs that

increasingly look like arid systems throughout the western U.S.
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Table C-8. Projected winter precipitation by ecoregion (mm, rainwater equivalent).

Sub-region Current | Near-term | Long-term Change (2010s to 2060s)

mean 53 60 61 8.0
Western Coastal " & 45 50 52 7.0
Plain

max 61 68 70 9.0

mean 44 48 51 7.0
Cer)tral Coastal min 32 35 38 6.0
Plain

max 54 60 64 10.0

mean 48 52 57 9.0
Eas.tern Coastal min 32 36 40 30
Plain

max 55 60 66 11.0

mean 63 72 73 10.0
Western Foothills | min 40 45 47 7.0

max 92 103 104 12.0

mean 61 68 73 12.0
Central Foothills min 32 34 39 7.0

max 106 117 129 23.0

mean 45 49 55 10.0
Eastern Foothills min 32 35 39 7.0

max 75 82 91 16.0

mean 79 90 92 13.0
Western Brooks in 60 68 67 70
Range

max 136 152 165 29.0

mean 91 100 111 20.0
Central Brooks in 40 42 48 30
Range

max 131 146 161 30.0

mean 70 77 86 16.0
Eastern Brooks in 35 38 43 30
Range

max 106 115 130 24.0

Snow-Day Fraction

Snow-day fraction refers to the estimated percentage of days on which precipitation, were it to fall,
would occur as snow as opposed to rain. Model outputs for all nine months of the year for the current
decade (2010s) are shown in Figure C-9. Summer months (June, July, and August) are omitted, since
projected snow for these months is absent or negligible.
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Not surprisingly, clear spatial and temporal patterns are evident (Figure C-10). For all areas of the REA,
all or almost all (> 90%) of precipitation is currently likely to fall as snow for all months from October to
April, with the exception of small amounts of October rainfall in the area south of Kivalina. By 2060,
although conditions in December to April are still expected to be completely snow-dominated area-
wide, marked changes are expected in the fall (Figure C-11). Most notably, occasional October rainfall is
to be expected across almost the entire Arctic coast, and even in November, precipitation may arrive as
rain more than ten percent of the time around Kivalina and Point Hope.

Spatially, examining the shoulder season months of September, October, and May, shows that seasonal
shifts from rain to snow and back again are more abrupt in inland high-elevation areas, and will continue
to be so, but that shifts in snow day fraction are expected area-wide.
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Figure C-9. Projected monthly snow-day fraction for winter and shoulder-seasons in the current decade.
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