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Heartland Network (HTLN)

National maps of atmospheric N emissions and deposition are provided in Maps A and B as
context for subsequent network data presentations. Map A shows county level emissions of total
N for the year 2002. Map B shows total N deposition, again for the year 2002.

There are 15 parks in the Heartland Network. Only two (Buffalo, BUFF; Ozark, OZAR) are
larger than 100 square miles.

Total annual N emissions, by county, are shown in Map C for lands in and surrounding the
Heartland Network. County-level emissions within the network ranged from less than 1 ton per
sguare mile to more than 50 tons per square mile. In general, annual county N emissions within
the network were between 1 and 20 tons per square mile. Point source emissions of oxidized
(nitrogen oxides, NOy) and reduced (ammonia, NH3) N are shown in Map D. There are many
relatively large (larger than about 4,000 tons per year) point sources of oxidized N in and around
the eastern portion of the network. There are also many smaller point sources of both oxidized
and reduced N. The reduced N point sources are primarily in the western part of the network, in
Kansas and Indiana. Urban centers within the network and within a 300 mile buffer around the
network are shown in Map E. The largest human population centers within the network are
Indianapolis and Columbus.

Total N deposition in and around the network is shown in Map F. Included in this analysis are
both wet and dry forms of N deposition and both the oxidized and reduced N species. Total N
deposition within the network ranged from as low as 5 to 10 kg N/halyr to above 15 kg N/halyr
at some locations. Throughout most of the network, total N deposition was between about 10 and
15 kg N/halyr.

Land cover in and around the network is shown in Map G. The predominant cover types within
this network are generally row crops and pasture/hay. There are also scattered forested areas and
developed areas.

A map is not presented to show the distribution within the parks of the of the five vegetation
types thought to be most responsive to nutrient N enrichment effects (arctic, alpine, grassland
and meadow, wetland, and arid and semi-arid). Thisis because none of the parks in this network
are particularly large, and the extent of park vegetative coverage istoo small to see at the
network scale.

Park lands requiring special protection against potential adverse impacts associated with nutrient
N enrichment from atmospheric N deposition are shown in Map |. Also shown on Map | are all
federal lands designated as wilderness, both lands managed by NPS and also lands managed by
other federal agencies. The land designations used to identify this heightened protection included
Class | designation under the CAAA and wilderness designation. There are no NPS Class | areas
in this network and only scattered small areas designated as wilderness, none of whichis
managed by NPS.

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
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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 Heartland Network ranks in the middle of the second highest quintile, among networks, in N
Pollutant Exposure (Figure A). Nitrogen emissions and N deposition within the network are both
very relatively high. However, the network Ecosystem Sensitivity ranking is lower, below the
median of the 32 1&M networks (Figure B). Thisis because there is limited vegetation coverage
in this network that includes the vegetation types expected to be especially sensitive to nutrient
enrichment effects from N deposition, and there are no high-elevation lakes. This network ranks
in the lowest quintile in Park Protection, having limited amounts of protected lands (Figure C).

In combination, the network rankings for Pollutant Exposure, Ecosystem Sensitivity, and Park
Protection yield an overall Network Risk ranking that isin the second lowest quintile among
networks (Figure D). The overall level of concern for nutrient N enrichment effects on 1&M
parks within this network is considered Low.

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 B.
Asfor the network ranking figures, the park ranking figures 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.

Both of the I& M parks in this network that are larger than 100 square miles (BUFF and OZAR)
are in the middle quintile in Pollutant Exposure (Figure E). Other parks in the network are
ranked Moderate (three of the smaller parks) to Very High (five of the smaller parks) in Pollutant
Exposure. The two larger parks are in the middle (BUFF) or second lowest quintile (OZAR) in
Ecosystem Sensitivity (Figure F). Other smaller parks in the network are mainly ranked Low or
Very Low in Ecosystem Sensitivity. Exceptions include Homestead (HOME) and Pipestone
(PIPE), both of which are ranked High, and Tallgrass Prairie (TAPR) which is ranked Very

High. The reason for the Very High ranking of TAPR for Ecosystem Sensitivity is the prevalence
of grassland vegetation which is thought to be especially sensitive to nutrient enrichment impacts
from atmospheric N deposition. BUFF isranked High among parks for Park Protection (Figure
G), whereas all other parksin the network ranked Moderate for that theme (Table A). The
Summary Park Risk ranking placed BUFF and PIPE in the highest quintile (Very High risk).
OZAR isin the second lowest quintile among parksin Summary Risk (Figure H). Cuyahoga
Valley (CUVA), HOME, and TAPR were al ranked High; other parks ranged from Very Low to
Moderate in overall Summary Risk.
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Table A. Relative rankings of individual 1&M parks within the network for Pollutant Exposure,
Ecosystem Sensitivity, Park Protection, and Summary Risk from atmospheric nutrient N

enrichment.
Relative Ranking of Individual Parks®

Pollutant Ecosystem Park Summary
I&M Parks? in Network Exposure Sensitivity Protection Risk
Arkansas Post Moderate Very Low Moderate Very Low
Buffalo Moderate Moderate Very High
Cuyahoga Valley Very High Very Low Moderate
Effigy Mounds Low Moderate Moderate
George Washington Carver Very Low Moderate Low
Herbert Hoover Low Moderate Moderate
Homestead Moderate
Hopewell Culture Very High Very Low Moderate Moderate
Hot Springs Moderate Very Low Moderate Very Low
Lincoln Boyhood Very High Very Low Moderate Moderate
Ozark Moderate Low Moderate Low
Pea Ridge Very High Very Low Moderate Moderate
Pipestone Very High Moderate Very High
Tallgrass Prairie Very High Moderate
Wilson's Creek Moderate Low Moderate Low

! 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).

% pPark name is printed in bold italic for parks larger than 100 square miles.

Map A.

Map B.

National map of total N emissions by county for the year 2002. Both oxidized
(nitrogen oxides, NOy) 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)

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, NOy) 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.
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Map C.

Map D.

Map E.

Map F.

Map G.

Map I.

Figure A.

Figure B.

Figure C.

FigureD.

Figure E.

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, NOy) and reduced (ammonia, NH3) N. (Source of data:
EPA National Emissions Inventory,
http://www.epa.gov/ttn/chief/net/2002inventory.html)

Magjor point source emissions of oxidized (nitrogen oxides, NOy) 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)

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)

Total N deposition in and around the network. Included in the total are wet plus dry
forms of both oxidized (nitrogen oxides, NOy) and reduced (ammonia, NH3) N.
Values are expressed as kilograms of N deposited per hectare per year. (Source of
data: Interpolated NADP wet and CMAQ Model dry deposition datafor 2002; see
information for Map B above for details)

Land cover typesin 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)

Lands within the network that are classified as Class | or wilderness area. (Source of
datac USGS 2005 [National Atlas; http://national atlas.gov] and NPS)

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

Network rankings for Ecosystem Sensitivity, calculated as the average of scores for
all Ecosystem Sensitivity variables.

Network rankings for Park Protection, calculated as the average of scores for all Park
Protection variables.

Network Summary Risk ranking, calculated as the sum of the averages of the scores
for Pollutant Exposure, Ecosystem Sensitivity, and Park Protection.

Park rankings for Pollutant Exposure for al 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 al Pollutant Exposure variables.
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Figure F.

Figure G.

Figure H.

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, asthe
average of scoresfor al Ecosystem Sensitivity variables.

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 al Park Protection variables.

Park rankings for Summary Risk for all parkslarger 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.

HTLN-5



9-NT11H

o TR T

Total Nitrogen Emissions by County

Conterminous U.S.
(tons per sq. mi per year)

T,
»

e

Total Nitrogen Emissions
(tons per sq. mi per year)

[ | Less than 1

(7 Greater than 1 and upto5

- Greater than 5 and up to 20
- Greater than 20 and up to 50
(" Greater than 50 and up to 100
(:] Greater than 100 and up to 618

[—Jus. states

5 NPS Networks

* | &M Parks

Map A

Data Source: National Emissions Inventory (EPA, 2002)

Projection: Lambert Conformal Conic, NAD 1983

Produced for: National Park Service, Air Resources Division, 2010 | |
Prepared by: E&S Environmental Chemistry



/-N71H

Total Nitrogen Deposition
Conterminous U.S.
(kg/ha/yr)

X e
L
. e

Total Nitrogen Deposition
(kg/halyr)

@20
@:-s
@s5-10
(J10-15

MEXICO
()15-20 iy .

@ 20-30 < % y ;
@ :0-635 e
ﬂ US. States ":,
$75 NPS Networks

* | &M Parks

A

CA I\iA DA

Map B

Data Source: Interpolated NADP Wet and CMAQ Model Dry Deposition for 2002
Projection: Lambert Conformal Conic, NAD 1983

Produced for: National Park Service, Air Resources Division, 2010

Prepared by: E&S Environmental Chemistry




8-NT11H

Total Nitrogen Emissions by County
Heartland Network

(tons per square mile per year)

Total N Emissions (tons per sq. mi per year)
C] Less than 1
- - Greater than 1 andup to 5

- Greater than 5 and up to 20

- Greater than 20 and up to 50

- Greater than 50 and up to 100

C] Greater than 100 and up to 618

* [ |us. states
E} Heartland Network

g Network Parks (larger than 100 sg. mi)
* Network Parks (smaller than 100 sg. mi)

AR

Data Source: National Emissions Inventory (EPA, 2002) -
Projection: Lambert Conformal Conic, NAD 1983

Produced for: National Park Service, Air Resources Division, 2010
Prepared by: E&S Environmental Chemistry

200 Kilometers

1
200 Miles

Map C



6-NT1LH

' 7l
NOx (Nitrogen Oxides) and NH3
(Ammonia) Point Sources

Heartland Network
(tons N per year)

s~ Locator Ma

e

Lake
MichiganW—

]

NOx Point Sources (tons N per year)
I 2,500 tons N/year l

— | | NHs Point Sources (fons N per year)

7 - 1,000 tons N/year

[ ]us. states

d
iy 2’:3 Heartland Network

ﬁ Network Parks (larger than 100 sq. mi)

Projection: Lambert Conformal Conic, NAD 1983
Produced for: National Park Service, Air Resources Division, 2010
Prepared by: E&S Environmental Chemistry

N = = = =

= | Data Source: National Emissions Inventory (EPA, 2002) r_ =

* Network Parks (smaller than 100 sq. mi)
ih = ™ |

Map D



OT-NTLH

Park Locations and Urban Centers

Heartland Network
5 (Population Centers Over 10,000)
D

I Y

—__ Locator Map

e

O

0 A Homestead

»
%)eﬁ ver

[o]
‘0 .[George Washington Carver (?

@ over 1,000,000 : .
@ 500,000 - 1,000,000 O

O 25,000 - 50,000 (0]
= 10,000 - 25,000

ﬂ U.S. States

300 Mile Network Buffer
P &% Heartland Network MEXICO
9 Network Parks (larger than 100 sq. mi)

) wHoma Gity
o ~F0 o’
/Maior Cities ) .9 Pea Ridge [~ > o A
: h -
(Buf g O
@ 100,000 - 500,000 b o Fort Worth Dal[a_s
o @ — P 0°
O 50,000 - 100,000 P

. o) 3
Q0 8
Austm o

S:m Amoma )!,’

10 200 Kilometers

\* Network Parks (smaller than 100 sq. mi)

J U 50 100 150 200 MEJ’{

e
QHouston? ° "Q '.)'

CANADA

U
It‘i}lxarg‘a’ﬁol:sa by

OO.O

8 " .Fc.'olumbus ot Blnltrmore

' el Wa\:'l}m fon

5_lie ° iWe Hopewell Cltre

O do°
e ~. Lincoln Boyhood 1
[ Do O& ).
P 5 S D0 t.x.-
~—=1 o, 9’0
&Njashwlle@, 9 20 5 Charlotte .‘;
= - Oc O -
e
S 1o s
- WIsonsCreek 'O 8
'®)
27 g Q. Adl
. o °o 9-" Atlantic
sl b - ®° oo o Ocean
Sy @ o P
o o Arkansas Post] O\ . ° o “Tacksonville

SN Gulf of

Mexico

Data Source: U.S. Census Data, 2000
Projection: Lambert Conformal Conic,

NAD 1983

Produced for: National Park Service, Air Resources Division, 2010
Prepared by: E&S Environmental Chemistry

Map E

=




TT-NTLH

/ ‘k"‘\ ¥ "N, i
. > D VN
. o 'R N V.
Total Nitrogen Deposition ; . MN A Huron
ey, wi o B C ANADA
Heartland Network F ", 0 A 0
| \ : w }
(kg /ha/yr) i N, /s ) )
= -, .
! pall TR \ o ol
\ ~. | Lake —
. Mic e L. A
s'\. - Erie o/
\ Mi i
“ > -
177 * ", "\ oH
E 9 IN
s 0
1A .
mol It *
wv
KY
VA
A_——""-r__-
s ——— ”
Y * o Total Nitrogen Deposition h
kg/halyr
Pe? @ -0 ]
TN @:-s
TP
or ()5-10
AR S 7S (J10-15 .
+* ) 15-20
@ 20-30
@ 0-635
4 -
LA |"__] states
— &% Heartland Network
Data Source: Interpolated NADP Wet and CMAQ Model Dry Deposition for 2002
Projection: Lambert Conformal Conic, NAD 1983 - 9 Network Parks (larger than 100 sq. mi)
Produced for: National Park Service, Air Resources Division, 2010 T et —1
Prepared by: E&S Environmental Chemistry ! 1 * Network Parks (smaller than 100 sq. mi)

0 50 100 Miles

tl J

PR N e e

Map F



¢IT-N71L1H

2001 Land Cover
Heartland Network
(National Land Cover Data)

Locator Map

. Open Water
(") Perennial Ice/Snow

D Developed

D Barren Land

@ rorest

(@ shrub/scrub

D Grassland/Herbaceous
- Pasture/Hay

() Row Crops
@ Vetiands

[ lus. states

&3 Heartland Network
25 Network Parks (larger than 100 sq. mi)

£

L it 2 #
Data Source: National Land Cover Data (NLCD, 2001)
Projection: Lambert Conformal Conic, NAD 1983 S S 5 e
Produced for: National Park Service, Air Resources Division, 2010 f ; 100 Kilometers

Prepared by: E&S Environmental Chemistry 100 Mil
v . v lles g

* Network Parks (smaller than 100 sq. mi)

5 A




€T-NT1H

. ¥ Lake
Class I and Wilderness Areas lf Huron
¢ Heartland Network CAN LU
E\ \liciphator Map
/ j v, Lake
ZTI\ Michiga i
\!_ Erie
\
S M
Wy
T 1
3
‘\‘4}
3
"l.
N, [{A%
) ,
VA
» “
L5 A 1
" @
N M
TX i ’ A
OK g« ° =
= ; M.S & . N
AR Class | and Wilderness Areas N
e, b ¢ @ widemness
() NPSClass |
\ [:] NPS Class | and Wilderness Overlap
4
LA 4 C’ U.S. States
-_—__ll—.___; Sl
€% Heartland Network
Data Source: National Park Service (2007) and National Atlas (2005) it
Projection: Lambert Conformal Conic, NAD 1983 T TS Q Network Parks (larger than 100 sq. mi) j
Produced for: National Park Service, Air Resources Division, 2010 ' : i |
\Prepared by: E&S Environmental Chemistry . i A . s * Network Parks (smaller than 100 sq. mi)) 4
R LR "~

Map |



Nitrogen Enrichment Risk Assessment

Pollutant Exposure Ranking
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Nitrogen Enrichment Risk Assessment

Ecosystem Sensitivity Ranking
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Nitrogen Enrichment Risk Assessment

Park Protection Ranking
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Nitrogen Enrichment Risk Assessment

Summary Risk Ranking
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Nitrogen Enrichment Risk Assessment
Heartland Network - Pollutant Exposure Ranking
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Figure E



Nitrogen Enrichment Risk Assessment
Heartland Network - Ecosystem Sensitivity Ranking
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Figure F



Nitrogen Enrichment Risk Assessment
Heartland Network - Park Protection Ranking

' SJaAIY Adj4eyD-uoynA
_ Spues auym,

! ~ saunq Jeag 3uidas|s
. suleluno edluUoIA elues
: X104D) JUleS

! S3o0Y painidid

! I~ pue|s| aped

. ) 4ezQ

! I 98409 JaAY MBN

! 14NOSSIA

! ~ }|anas00Yy e

! uiseg 1ealo

! sesnyio) Aig

! Jnesoulg

! ~ dep uajepn aueme|aqg
. ~ spuejs| _wccm;m

! uJaisuasniy ade)

! AlIayD ap uoAue)

" _19dlyL sig
|

1

|

|

|

|

|

|

|

|

|

|

|

L

L

404 Uyinos 8ig
"~ 9uAeosig
uoAue) EoF%_m_
~ 98plig pue3duliag
I~ spue|s| apsody
seyoayeluy

uoAuej us|o

~ spJol41euay

N EYVET o] [o]5)
mmm:n;u_w_m
siedel\ |3

~ 93piy anjg

_ Spuejs| jing

UOOIA\ 31 Jo sua1es)
~ saAayiulod

) ojeyng

"~ spue|peg

———————— s
saunQg puegiealn
pesp aye]

| | | 1 1 | | | | = oJen es

poompay
anelo|A
snyoe) adid ueduQ

uoiz

S90UBeD|0/\ lleMeH
SulepunolA adnjepeno
ENCRPE:T)
yeopueuays
JIUBD|OA UBSSET
EEIVRI

J4e[) o3e

499y |onde)

99J] enysor
Sulelunol Ajows 1eaJto
Aeg yaioe|n

uola] pueio
AajjeA Yieaq
lleusg

Sel|3 "35-||98uedm
lewiey)|
SpuejuoAue)
ureaunoln Ayooy
J31uiey JUNOIN
193500y J0pO3Y |
u_ﬁ:M QY1 Jo sajen
sinageAop

3eleoN

uoAue) pueuo
a1dwA|O

159404 paljlizad
puag slg

S9pedse) Y1ioN
oleAoy 9|s|

uoAue) sguny|
PETRLS)
QUOISMO||IA
sape|34aA3
ejonbag

91IWASOA

i i i i f f
o N o LN o LN
o ™~ N o~ o ~
(@\] - - i —

f f
o N o
LN o

275
250 ~
225 A

Supjuey ied jo adesany

Park

HTLN-20

Figure G



Nitrogen Enrichment Risk Assessment
Heartland Network - Summary Risk Ranking
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The Department of the Interior protects and manages the nation’s natural resources and cultural heritage; provides scientific and

other information about those resources; and honors its special responsibilities to American Indians, Alaska Natives, and affiliated
Island Communities.
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