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ON THE COVER 

Some ecosystems and vegetation types, such as remote high-elevation lakes, sugar maple trees, headwater streams, and red 
spruce trees, are sensitive to the effects of acidification from atmospheric nitrogen and sulfur deposition.  
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Arctic Network (ARCN) 
National maps of atmospheric S and N emissions and deposition are provided in Maps A through 
D as context for subsequent network data presentations. Maps A and B show county level 
emissions of total S and total N, respectively, for the year 2002. Maps C and D show total S and 
N deposition, again for the year 2002. Regional atmospheric deposition data are not available for 
Alaska.  

There are five parks in the Arctic Network: Bering Land Bridge (BELA), Cape Krusenstern 
(CAKR), Gates of the Arctic (GAAR), Kabuk Valley (KOVA), and Noatak (NOAT). All are 
larger than 100 square miles.  

Total annual S and N emissions, by county, are shown in Maps E and F, respectively, for lands in 
and surrounding the Arctic Network. County-level S and N emissions within the network were 
less than 1 ton per square mile per year throughout the entire network. Point source S emissions 
within the network are shown in Map G. There were few S point sources in or around the 
network and none of any magnitude. Most S point sources in the network emitted less than 5,000 
tons of S per year (Map G). Point source emissions of oxidized (nitrogen oxides, NOx) and 
reduced (ammonia, NH3) N were shown in Map H. There were few NOx

There are no human population centers of any magnitude within the network. There are two to 
the south, within a 300-mile radius of the network boundary (Map I).  

 point sources of any 
magnitude, and many of those were on the coast of the Beaufort Sea, in the easternmost portion 
of the network (Map H). There were no substantial point sources of reduced N (Map H).  

Maps J and K are not shown for this network because regional total S and N deposition data are 
not available for Alaska. However, the S and N deposition in this network is expected to be very 
low, each below 1 kg/ha/yr in most locations, and this network is assumed to be in the lowest 
quintile for S and N Pollutant Exposure. There are five active NADP/NTN wet deposition 
monitoring sites in Alaska: Poker Creek, Juneau, Denali National Park, GAAR, and Katmai 
National Park, with data collected since 1980 at Denali and since 1993 at Poker Creek. The other 
three monitoring sites have been added within the last decade. There are also Clean Air Status 
and Trends Network (CASTNET) dry deposition measurements at Denali and Poker Flats. At all 
monitored sites in Alaska, wet N deposition has consistently been less than 1 kg N/ha/yr, and it 
has been less than 0.5 kg N/ha/yr at all monitored sites except Juneau. Wet S deposition has been 
slightly higher than 1 kg S/ha/yr at Juneau, but less than that at the other monitoring sites. The 
dry deposition measurements by CASTNET have also been low. Thus, the sparse available 
atmospheric deposition data for Alaska are consistent with the general understanding that 
atmospheric deposition of both N and S tends to be very low at national park lands within 
Alaska. It can be assumed that N and S deposition in each of the Alaskan networks would be 
lower than 1 to 2 kg/ha/yr, on average.  

Land cover in and around the network is shown in Map L. The predominant cover types within 
this network are generally arctic shrubland, grassland and arctic herbaceous vegetation, and 
wetland, with some forest in the southern portions of the network.  
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Land slope across all parks within the network is variable, but most park lands have relatively 
low relief (Map M). All of BELA has less than 10º slope. Slope is less than 20º across all park 
lands within the network except a few HUC watersheds in GAAR that have a slope between 20º 
and 30º. 

Park lands requiring special protection against potential adverse impacts associated with acidic 
deposition are shown on Map N. Also shown on Map N are all federal lands designated as 
wilderness, both lands managed by NPS and lands managed by other federal agencies. The land 
designations used to identify this heightened protection included Class I designation under the 
Clean Air Act Amendments and wilderness designation. There are expansive areas of designated 
wilderness in this network, both within and outside the I&M parks.  

Network rankings are given in Figures A through C as the average ranking of the Pollutant 
Exposure, Ecosystem Sensitivity, and Park Protection metrics, respectively. Figure D shows the 
overall network Summary Risk ranking. In each figure, the rank for this particular network is 
highlighted to show its relative position compared with the ranks of the other 31 networks.  

The Arctic Network ranked the lowest of all networks in Pollutant Exposure (Figure A). Sulfur 
and N emissions and expected deposition within the network are both low. The network 
Ecosystem Sensitivity ranking is Moderate, at the bottom of the third quintile among networks 
(Figure B). The presumed sensitivity is mainly because there are many high-elevation streams 
within the parks in the network. GAAR has more high-elevation stream length than any other 
I&M park. There are no data available at this time for designating stream order in Alaska, so this 
variable was not included in the Ecosystem Sensitivity ranking. This network does not contain 
red spruce or sugar maple, the primary tree species known to be sensitive to acidification effects. 
The network ranked at the bottom of the highest quintile in Park Protection (Figure C), having 
substantial amounts of protected lands.  

Table A. Relative rankings of individual I&M parks within the network for Pollutant Exposure, 
Ecosystem Sensitivity, Park Protection, and overall Summary Risk from acidic deposition. 

I&M Parks2

Relative Ranking of Individual Parks

 in Network 
Pollutant 
Exposure 

1 
Ecosystem 
Sensitivity 

Park 
Protection 

Summary 
Risk 

Bering Land Bridge Very Low Moderate Moderate Low 
Cape Krusenstern Very Low Low Moderate Low 
Gates of the Arctic Very Low Very High Very High High 
Kobuk Valley Very Low High Very High Moderate 
Noatak Very Low High Very High Moderate 
1  Relative park rankings are designated according to quintile ranking, among all I&M Parks, from the lowest quintile (very low risk) 
to the highest quintile (very high risk). 
2 

 
 Park name is printed in bold italic for parks larger than 100 square miles. 
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In combination, the network rankings for Pollutant Exposure, Ecosystem Sensitivity, and Park 
Protection yield an overall network Summary Risk ranking that was above the middle of the 
distribution among all networks (Figure D). The overall level of concern for S and N 
acidification effects on I&M parks within this network is considered Moderate. 

Similarly, park rankings are given in Figures E through H for the same metrics. In the case of the 
park rankings, we only show in the figures the parks that are larger than 100 square miles. 
Relative ranks for all parks, including the smaller parks, are given in Table A and Appendix A. 
As for the network rankings, the park rankings highlight those parks that occur in this network to 
show their relative position compared with parks in the other 31 networks. Note that the rankings 
shown in Figures E through H reflect the rank of a given park compared with all other parks, 
irrespective of size. 

The five parks in this network all ranked in the lowest quintile in S and N Pollutant Exposure 
(Figure E), Sulfur and N emissions within the parks in this network and expected deposition 
were very low. The parks in this network varied with respect to Ecosystem Sensitivity, from 
Very High (GAAR) to Low (CAKR; Figure F). Three of the parks (GAAR, KOVA, and NOAT) 
ranked Very High in Park Protection; the other two ranked Moderate for this theme (Figure G). 
Parks in the Arctic Network were variable in their rankings for park Summary Risk; of the five 
parks, GAAR showed the highest risk (High; Figure H). KOVA and NOAT were ranked 
Moderate, and BELA and CAKR were ranked Low. The overall level of concern for 
acidification effects for most parks in this network is considered Low to Moderate, although it is 
higher for GAAR (Table A).  

 
Map A. National map of total N emissions by county for the year 2002. Both oxidized 

(nitrogen oxides, NOx) and reduced (ammonia, NH3) forms of N are included. The 
total is expressed in tons per square mile per year. (Source of data: EPA National 
Emissions Inventory, http://www.epa.gov/ttn/chief/net/2002inventory.html) 

 
Map B. Total N deposition for the conterminous United States for the year 2002, expressed 

in units of kilograms of N deposited from the atmosphere to the earth surface per 
hectare per year. Wet and dry forms of both oxidized (nitrogen oxides, NOx) and 
reduced (ammonia, NH3

 

) N are included. For the eastern half of the country, wet 
deposition values were derived from interpolated measured values from NADP 
(three-year average centered on 2002) and dry deposition values were derived from 
12-km CMAQ model projections for 2002. For the western half of the country, both 
wet and dry deposition values were derived from 36-km CMAQ model projections 
for 2002. NADP interpolations were performed using the approach of Grimm and 
Lynch (1997). CMAQ model projections were provided by Robin Dennis, U.S. EPA.  

Map C. Total N emissions by county for lands surrounding the network, expressed as tons of 
N emitted into the atmosphere per square mile per year. The total includes both 
oxidized (nitrogen oxides, NOx) and reduced (ammonia, NH3) N. (Source of data: 
EPA National Emissions Inventory, 
http://www.epa.gov/ttn/chief/net/2002inventory.html) 

 

http://www.epa.gov/ttn/chief/net/2002inventory.html�
http://www.epa.gov/ttn/chief/net/2002inventory.html�
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Map D. Major point source emissions of oxidized (nitrogen oxides, NOx) and reduced 
(ammonia, NH3) N in and around the network. The base of each vertical bar is 
positioned in the map at the approximate location of the source. The height of the bar 
is proportional to the magnitude of the source. (Source of data: EPA National 
Emissions Inventory, http://www.epa.gov/ttn/chief/net/2002inventory.html) 

Map E. Urban centers having more than 10,000 people within the network and within a 300-
mile buffer around the perimeter of the network. (Source of data: U.S. Census 2000) 

 
Map F. Total N deposition in and around the network. Included in the total are wet plus dry 

forms of both oxidized (nitrogen oxides, NOx) and reduced (ammonia, NH3

 

) N. 
Values are expressed as kilograms of N deposited per hectare per year. (Source of 
data: CMAQ Model wet and dry deposition data for 2002; see information for Map 
B above for details) 

Map G. Land cover types in and around the network, based on the National Land Cover 
dataset. (Source of data: National Land Cover Dataset, 
http://www.mrlc.gov/nlcd_multizone_map.php)  

 
Map H. Distribution within the larger parks that occur in this network of the five terrestrial 

vegetation types thought to be most sensitive to N-nutrient enrichment effects: arctic, 
alpine, meadow, wetland, and arid and semi-arid. (Source of data: See Appendix A

 
) 

Map I. Lands within the network that are classified as Class I or wilderness area. (Source of 
data: USGS 2005 [National Atlas; http://nationalatlas.gov

 
] and NPS) 

 Figure A. Network rankings for Pollutant Exposure, calculated as the average of scores for all 
Pollutant Exposure variables.  

 
 Figure B. Network rankings for Ecosystem Sensitivity, calculated as the average of scores for 

all Ecosystem Sensitivity variables.  
 
Figure C. Network rankings for Park Protection, calculated as the average of scores for all Park 

Protection variables.  
 
Figure D. Network Summary Risk ranking, calculated as the sum of the averages of the scores 

for Pollutant Exposure, Ecosystem Sensitivity, and Park Protection. 
 
Figure E. Park rankings for Pollutant Exposure for all parks larger than 100 square miles. 

Ranks for each park were calculated relative to all parks, regardless of size, as the 
average of scores for all Pollutant Exposure variables.  

 
 Figure F. Park rankings for Ecosystem Sensitivity for all parks larger than 100 square miles. 

Ranks for each park were calculated relative to all parks, regardless of size, as the 
average of scores for all Ecosystem Sensitivity variables.  

 

http://www.epa.gov/ttn/chief/net/2002inventory.html�
http://www.mrlc.gov/nlcd_multizone_map.php�
http://nationalatlas.gov/�
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Figure G. Park rankings for Park Protection for all parks larger than 100 square miles. Ranks 
for each park were calculated relative to all parks, regardless of size, as the average 
of scores for all Park Protection variables.  

 
Figure H. Park rankings for Summary Risk for all parks larger than 100 square miles. Ranks 

for each park were calculated relative to all parks, regardless of size, as the average 
of scores for all Summary Risk variables. 
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Acidification Risk Assessment
Arctic Network - Pollutant Exposure Sensitivity Ranking

Figure E 
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Arctic Network - Ecosystem Sensitivity Ranking

Figure F 



 

  

A
R

C
N

-24 

 
  

0

25

50

75

100

125

150

175

200

225

250

275

Yo
se

m
ite

Ev
er

gl
ad

es
Ye

llo
w

st
on

e
Gl

ac
ie

r
Isl

e 
Ro

ya
le

No
rt

h 
Ca

sc
ad

es
Ha

w
ai

i V
ol

ca
no

es
Bi

g 
Be

nd
Ki

ng
s C

an
yo

n
O

ly
m

pi
c

Vo
ya

ge
ur

s
Se

qu
oi

a
Pe

tr
ifi

ed
 Fo

re
st

Gr
an

d 
Ca

ny
on

No
at

ak
Ga

te
s o

f t
he

 A
rc

tic
Gr

an
d 

Te
to

n
M

ou
nt

 R
ai

ni
er

Th
eo

do
re

 R
oo

se
ve

lt
Ka

tm
ai

Ro
ck

y M
ou

nt
ai

n
W

ra
ng

el
l-S

t. 
El

ia
s

Ca
ny

on
la

nd
s

De
na

li
De

at
h 

Va
lle

y
Gl

ac
ie

r B
ay

Gr
ea

t S
m

ok
y 

M
ou

nt
ai

ns
Jo

sh
ua

 T
re

e
La

ke
 C

la
rk

Ca
pi

to
l R

ee
f

Ar
ch

es
Sh

en
an

do
ah

Cr
at

er
 La

ke
Gu

ad
al

up
e 

M
ou

nt
ai

ns
La

ss
en

 V
ol

ca
ni

c
O

rg
an

 P
ip

e 
Ca

ct
us

Zi
on

Re
dw

oo
d

M
oj

av
e

Sa
gu

ar
o

La
ke

 M
ea

d
Gr

ea
t S

an
d 

Du
ne

s
Ko

bu
k V

al
le

y
Ba

dl
an

ds
Bu

ffa
lo

Po
in

t R
ey

es
Cr

at
er

s o
f t

he
 M

oo
n

Gu
lf 

Isl
an

ds
Bl

ue
 R

id
ge

El
 M

al
pa

is
Ke

na
i F

jo
rd

s
Bi

g 
Cy

pr
es

s
Go

ld
en

 G
at

e
Gl

en
 C

an
yo

n
Be

rin
g L

an
d 

Br
id

ge
Yu

ko
n-

Ch
ar

le
y 

Ri
ve

rs
Ca

pe
 K

ru
se

ns
te

rn
An

ia
kc

ha
k

Ch
an

ne
l Is

la
nd

s
Di

no
sa

ur
Bi

sc
ay

ne
Sa

nt
a 

M
on

ic
a 

M
ou

nt
ai

ns
W

hi
te

 Sa
nd

s
Pa

dr
e 

Isl
an

d
Bi

g 
So

ut
h 

Fo
rk

Bi
gh

or
n 

Ca
ny

on
La

ke
 R

oo
se

ve
lt

Sa
in

t C
ro

ix
Ca

ny
on

 d
e 

Ch
el

ly
Bi

g 
Th

ic
ke

t
O

za
rk

Gr
ea

t B
as

in
Pi

ct
ur

ed
 R

oc
ks

Ne
w

 R
iv

er
 G

or
ge

Sl
ee

pi
ng

 B
ea

r D
un

es
M

iss
ou

ri
Ap

os
tle

 Is
la

nd
s

De
la

w
ar

e 
W

at
er

 G
ap

Dr
y T

or
tu

ga
s

Av
er

ag
e 

of
 P

ar
k 

 R
an

ki
ng

Park

Acidification Risk Assessment
Arctic Network - Park Protection Ranking

Figure G 
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Acidification Risk Assessment
Arctic Network - Summary Risk Ranking

Figure H 
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