
Agricultural 
Research 
Service

Technical 
Bulletin 
Number 1931

September 2013

Long-Term Trends in 
Ecological Systems:
A Basis for Understanding 
Responses to Global Change

United States Department of Agriculture



V

Contents

Contributors ............................................................................................................................................VIII
Technical Consultants .................................................................................................................................X

Introduction to Cross-Site Comparisons and History and Organization of the 
EcoTrends Project
Chapter 1: Long-Term Trends in Ecological Systems: An Introduction to Cross-Site Comparisons 
	 and Relevance to Global Change Studies ..................................................................................1
Chapter 2: History and Organization of the EcoTrends Project ................................................................21

Cross-Site Comparisons of Ecological Responses to Global Change Drivers
Chapter 3: Cross-Site Comparisons of Ecological Responses to Climate and Climate-Related 
	 Drivers .....................................................................................................................................28
Chapter 4: Cross-Site Comparisons of State-Change Dynamics ...............................................................36
Chapter 5: Patterns of Net Primary Production Across Sites ....................................................................42
Chapter 6: Cross-Site Comparisons of Precipitation and Surface Water Chemistry .................................46
Chapter 7: Cross-Site Comparisons of Ecological Responses to Long-Term Nitrogen Fertilization .......51
Chapter 8: Long-Term Trends in Human Population Growth and Economy Across Sites .......................54
Chapter 9: Disturbance Regimes and Ecological Responses Across Sites ................................................58
Chapter 10: Cross-Site Studies “By Design”: Experiments and Observations That Provide New 

Insights ..................................................................................................................................72

Long-Term Trends in Global Change Drivers and Responses at Site and Continental 
Scales
Chapter 11: Long-Term Trends in Climate and Climate-Related Drivers .................................................81
Chapter 12: Long-Term Trends in Precipitation and Surface Water Chemistry ......................................115
Chapter 13: Long-Term Trends in Human Demography and Economy Across Sites .............................162
Chapter 14: Long-Term Trends in Production, Abundance, and Richness of Plants and Animals .........191
Chapter 15: Management and Policy Implications of Cross- and Within-Site Long-Term Studies ........206
Chapter 16: Recommendations for Data Accessibility ............................................................................216
Chapter 17: Long-Term Research Across Sites, Ecosystems, and Disciplines: Synthesis and 
	 Research Needs....................................................................................................................226
Appendices
Appendix 1: Site Descriptions .................................................................................................................234
Appendix 2: Average (Standard Error) Maximum, Mean, and Minimum Air Temperature 
	 and Annual Precipitation at Each Site .................................................................................312



VI

Appendix 3: Average (Standard Error) Ice Duration, Sea Level, Streamflow, Water Clarity, and Water
Temperature for Sites With Data ........................................................................................ 314

Appendix 4: Regression Coefficients and R2 Values for Nine Climatic Variables for Which Linear 
Regression Against Time Is Significant (p < 0.05) ............................................................ 316

Appendix 5: Annual Average (Standard Error) Nitrogen (as Nitrate) From Various Sources at Sites 
	 With Data............................................................................................................................ 319
Appendix 6: Regression Coefficients and R2 Values for Nitrogen (as Nitrate) From Various Sources 
	 for Which Linear Regression Against Time Is Significant (p < 0.05) ............................... 321
Appendix 7: Annual Average (Standard Error) Nitrogen (as Ammonium) From Various Sources at 
	 Sites With Data .................................................................................................................. 323
Appendix 8: Regression Coefficients and R2 Values for Nitrogen (as Ammonium) From Various 

Sources for Which Linear Regression Against Time Is Significant (p < 0.05) .................. 325
Appendix 9: Annual Average (Standard Error) Sulfur (as Sulfate) From Various Sources at Sites 

With Data ........................................................................................................................... 326
Appendix 10: Regression Coefficients and R2 Values for Sulfur (Sulfate) From Various Sources for 

Which Linear Regression Against Time Is Significant (p < 0.05) ................................... 328
Appendix 11: Annual Average (Standard Error) Chloride From Various Sources at Sites With Data ... 330
Appendix 12: Regression Coefficients and R2 Values for Chloride From Various Sources for Which 

Linear Regression Against Time Is Significant (p < 0.05) ............................................... 332
Appendix 13: Annual Average (Standard Error) Calcium From Various Sources at Sites With Data .... 334
Appendix 14: Regression Coefficients and R2 Values for Calcium From Various Sources for Which 

Linear Regression Against Time Is Significant (p < 0.05) ............................................... 336
Appendix 15: Human Population and Economy Variables in 2000 for the Focal County of Each Site, 

as Grouped by Ecosystem Type ....................................................................................... 338
Appendix 16: Annual Average (Standard Error) Aboveground Net Primary Production (ANPP) at 

Sites With Data ................................................................................................................. 341
Appendix 17: Other Measures of Average (Standard Error) Terrestrial Production at Sites With Data..343
Appendix 18: Average (Standard Error) Aquatic Production at Sites With Data ................................... 344
Appendix 19: Average (Standard Error) Biomass of Primary Producers (Plants, Algae) for Sites With 

Data .................................................................................................................................. 345
Appendix 20: Average (Standard Error) Plant Species Richness for Sites With Data ............................ 347
Appendix 21: Average (Standard Error) Animal Abundance for Sites With Data .................................. 349
Appendix 22: Average (Standard Error) Animal Species Richness for Sites With Data ........................ 352
Appendix 23: Regression Coefficients and R2 Values for Plant and Animal Variables for Which Linear 

Regression of Each Variable Against Time Is Significant (p < 0.05) and the Trend 
Appears Linear ................................................................................................................. 353

Appendix 24: Lead Principal Investigator(s) (PI), Information Managers (IM), and Administrative 
Program of the LTER Programs ....................................................................................... 355

Appendix 25: Researchers Involved in the EcoTrends Project at Non-LTER Sites ............................... 359



VII

Appendix 26: List of Stations and Length of Record for Each Climate Variable by Site....................... 362
Appendix 27: List of Stations and Length of Record for Each Precipitation or Surface Water 

Chemistry Variable by Site .............................................................................................. 367
Appendix 28: List of Stations and Length of Record for Each Plant and Animal Variable by Site, as 

Grouped by Ecosystem Type ........................................................................................... 371
Index............................................................................................................................................................ i



338

Long-Term Trends in Ecological Systems:

A
pp

en
di

x 
15

. H
um

an
 p

op
ul

at
io

n 
an

d 
ec

on
om

y 
va

ri
ab

le
s i

n 
20

00
 fo

r 
th

e 
fo

ca
l c

ou
nt

y 
of

 e
ac

h 
si

te
, a

s g
ro

up
ed

 b
y 

ec
os

ys
te

m
 ty

pe

Si
te

	
Fo

ca
l	

To
ta

l	
Po

pu
la

tio
n	

U
rb

an
	

E
m

pl
oy

m
en

t b
y 

se
ct

or
 

co
de

	
co

un
ty

	
po

pu
la

tio
n	

de
ns

ity
	

po
pu

la
tio

n		


__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

					






   

   
 C

om
m

er
ci

al
1 	

Fa
rm

in
g2 	M

an
uf

ac
tu

ri
ng

3 	
Se

rv
ic

e4

		


 	
 

			



#/

km
2 		

—
—

—
—

—
—

—
—

—
—

—
%

 to
ta

l p
op

ul
at

io
n—

—
—

—
—

—
—

—
—

—
—

A
lp

in
e 

an
d 

ar
ct

ic
  A

R
C

	
N

or
th

 S
lo

pe
, A

K
	

7,
38

5	
0	

59
	

4.
6	

0.
0	

-	
7.

3
  G

LA
	

A
lb

an
y,

 W
Y

	
32

,0
14

	
3	

88
	

5.
7	

0.
52 	

1.
3	

6.
14 	

  L
V

W
	

La
rim

er
, C

O
	

25
1,

49
4	

37
	

86
	

7.
1	

0.
32 	

3.
6	

4.
74 	

  M
C

M
	

-	
-	

-	
-	

-	
-	

-	
-

  N
W

T	
B

ou
ld

er
, C

O
	

29
1,

28
8	

15
2	

91
	

8.
4	

0.
1	

5.
6	

6.
7

A
ri

dl
an

ds
  E

O
A

	
H

ar
ne

y,
 O

R
	

7,
60

9	
0	

57
	

4.
4	

3.
82 	

4.
23 	

2.
34

  J
R

N
	

D
on

a A
na

, N
M

	
17

4,
68

2	
18

	
80

	
4.

4	
0.

4	
1.

1	
7.

1
  R

C
E	

O
w

yh
ee

, I
D

	
10

,6
44

	
1	

26
	

3.
6	

4.
62 	

5.
6	

1.
14

  S
EV

	
So

co
rr

o,
 N

M
	

18
,0

78
	

1	
47

	
2.

9	
0.

8	
0.

63 	
7.

0
  S

R
E	

Pi
m

a,
 A

Z	
84

3,
74

6	
36

	
92

	
6.

1	
0.

1	
1.

9	
4.

14

  W
G

E	
Sa

nt
a 

C
ru

z,
 A

Z	
38

,3
81

	
12

	
68

	
11

.3
	

0.
32 	

1.
93 	

3.
84

C
oa

st
al

  C
C

E		


Sa
n 

D
ie

go
, C

A
	

2,
81

3,
83

3	
25

9	
96

	
6.

3	
0.

1	
2.

7	
7.

1
  F

C
E		


M

ia
m

i-D
ad

e,
 F

L	
2,

25
3,

36
2	

44
7	

99
	

8.
4	

0.
1	

2.
3	

6.
9

  G
C

E		


M
cI

nt
os

h,
 G

A
	

10
,8

47
	

10
	

26
	

7.
2	

0.
1	

3.
33 	

7.
2

  M
C

R
		


-	

-	
-	

-	
-	

-	
-	

-
  P

A
L		


-	

-	
-	

-	
-	

-	
-	

-
  P

IE
		


Es

se
x,

 M
A

	
72

3,
41

9	
55

8	
95

	
7.

0	
0.

0	
5.

1	
6.

6
  S

B
C

		


Sa
nt

a 
B

ar
ba

ra
, C

A
	

39
9,

34
7	

56
	

95
	

6.
0	

0.
3	

2.
1	

7.
7

  V
C

R
		

N
or

th
am

pt
on

, V
A

	
13

,0
93

	
24

	
-	

4.
5	

0.
7	

10
.7

3 	
7.

9



339

A Basis for Understanding Responses to Global Change

A
pp

en
di

x 
15

. H
um

an
 p

op
ul

at
io

n 
an

d 
ec

on
om

y 
va

ri
ab

le
s i

n 
20

00
 fo

r 
th

e 
fo

ca
l c

ou
nt

y 
of

 e
ac

h 
si

te
, a

s g
ro

up
ed

 b
y 

ec
os

ys
te

m
 ty

pe
—

C
on

tin
ue

d

Si
te

	
Fo

ca
l	

To
ta

l	
Po

pu
la

tio
n	

U
rb

an
	

E
m

pl
oy

m
en

t b
y 

se
ct

or
 

co
de

	
co

un
ty

	
po

pu
la

tio
n	

de
ns

ity
	

po
pu

la
tio

n		


__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

					






   

   
C

om
m

er
ci

al
1 	

Fa
rm

in
g2 	M

an
uf

ac
tu

ri
ng

3 	
Se

rv
ic

e4

		


 	
 

								











#/
km

2 		
—

—
—

—
—

—
—

—
—

—
—

%
 to

ta
l p

op
ul

at
io

n—
—

—
—

—
—

—
—

—
—

—
E

as
te

rn
 fo

re
st

s
  B

EN
	

B
un

co
m

be
, N

C
	

20
6,

33
0	

12
2	

71
	

6.
7	

0.
1	

7.
83 	

7.
6

  C
R

O
	

A
sh

le
y,

 A
R

	
24

,2
09

	
10

	
49

	
4.

0	
0.

72 	
13

.4
	

1.
24 	

  C
W

T	
M

ac
on

, N
C

	
29

,8
11

	
22

	
19

	
6.

6	
0.

2	
4.

1	
6.

7
  F

ER
	

Tu
ck

er
, W

V
	

7,
32

1	
7	

-	
3.

6	
0.

4	
5.

23 	
9.

1
  H

A
R

	
H

ar
ris

on
, M

S	
18

9,
60

1	
12

6	
79

	
6.

9	
0.

12 	
1.

9	
5.

34

  H
B

R
	

G
ra

fto
n,

 N
H

	
81

,7
43

	
18

	
35

	
8.

9	
0.

2	
6.

4	
8.

3
  H

FR
	

W
or

ce
st

er
, M

A
	

75
0,

96
3	

19
2	

81
	

6.
5	

0.
1	

5.
3	

6.
8

  L
U

Q
	

R
io

 G
ra

nd
e,

 P
R

	
52

,3
62

	
33

3	
96

	
1.

7	
-	

2.
8	

4.
6

  M
A

R
	

Ita
sc

a,
 M

N
	

43
,9

92
	

6	
19

	
6.

4	
0.

42 	
4.

5	
3.

24

  N
TL

	
D

an
e,

 W
I	

42
6,

52
6	

13
7	

85
	

9.
8	

0.
4	

4.
6	

7.
4

  S
A

N
	

B
er

ke
le

y,
 S

C
	

14
2,

65
1	

50
	

66
	

3.
1	

0.
12 	

3.
3	

1.
74

  T
A

L	
La

fa
ye

tte
, M

S	
38

,7
44

	
24

	
50

	
6.

0	
0.

42 	
4.

5	
4.

54

  W
B

W
	

R
oa

ne
, T

N
	

51
,9

10
	

56
	

51
	

4.
3	

0.
42 	

3.
2	

2.
14

Te
m

pe
ra

te
 g

ra
ss

la
nd

s a
nd

 sa
va

nn
as

  C
D

R
	

A
no

ka
, M

N
	

29
8,

08
4	

27
1	

86
	

6.
4	

0.
1	

6.
0	

6.
6

  F
TK

	
C

us
te

r, 
M

T	
11

,6
96

	
1	

83
	

7.
8	

2.
22 	

0.
93 	

5.
44

  G
R

L	
G

ra
dy

, O
K

	
45

,5
16

	
16

	
34

	
4.

7	
1.

82 	
5.

4	
2.

24

  G
SW

	
B

el
l, 

TX
	

23
7,

97
4	

87
	

82
	

4.
6	

0.
32 	

2.
6	

3.
04

  K
B

S	
K

al
am

az
oo

, M
I	

23
8,

60
3	

16
4	

80
	

9.
3	

0.
1	

6.
7	

7.
9

  K
N

Z	
R

ile
y,

 K
S	

62
,8

43
	

40
	

85
	

6.
0	

0.
6	

0.
7	

8.
8

  S
G

S	
W

el
d,

 C
O

	
18

0,
93

6	
18

	
72

	
5.

4	
0.

9	
4.

7	
7.

1
  S

PR
	

W
oo

dw
ar

d,
 O

K
	

18
,4

86
	

6	
60

	
7.

6	
2.

12 	
2.

1	
3.

34

U
rb

an
  B

ES
	

B
al

tim
or

e 
C

ity
, M

D
5 	

65
1,

15
4	

3,
10

4	
10

0	
5.

5	
0.

0	
3.

2	
7.

9
  C

A
P	

M
ar

ic
op

a,
 A

Z	
3,

07
2,

14
9	

12
9	

97
	

7.
4	

0.
1	

3.
2	

6.
8



340

Long-Term Trends in Ecological Systems:

A
pp

en
di

x 
15

. H
um

an
 p

op
ul

at
io

n 
an

d 
ec

on
om

y 
va

ri
ab

le
s i

n 
20

00
 fo

r 
th

e 
fo

ca
l c

ou
nt

y 
of

 e
ac

h 
si

te
, a

s g
ro

up
ed

 b
y 

ec
os

ys
te

m
 ty

pe
—

C
on

tin
ue

d

Si
te

	
Fo

ca
l	

To
ta

l	
Po

pu
la

tio
n	

U
rb

an
	

E
m

pl
oy

m
en

t b
y 

se
ct

or
 

co
de

	
co

un
ty

	
po

pu
la

tio
n	

de
ns

ity
	

po
pu

la
tio

n		


__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
_

					






   

   
  C

om
m

er
ci

al
1 	F

ar
m

in
g2 	M

an
uf

ac
tu

ri
ng

3 	
Se

rv
ic

e4

								











#/
km

2 		
—

—
—

—
—

—
—

—
—

—
—

%
 to

ta
l p

op
ul

at
io

n—
—

—
—

—
—

—
—

—
—

—
W

es
te

rn
 fo

re
st

s
  A

N
D

		


La
ne

, O
R

	
32

2,
95

9	
27

	
81

	
7.

8	
0.

2	
4.

6	
7.

6
  B

LA
		


La

ss
en

, C
A

	
33

,8
28

	
3	

41
	

3.
2	

0.
62 	

2.
13 	

2.
34 	

  B
N

Z		


Fa
irb

an
ks

 N
or

th
 S

ta
r, 

A
K

	
82

,8
40

	
4	

70
	

6.
4	

0.
1	

0.
43 	

6.
5

  C
H

E		


Ti
lla

m
oo

k,
 O

R
	

24
,2

62
	

9	
24

	
4.

9	
1.

22 	
4.

5	
4.

64 	
  C

SP
		


M

en
do

ci
no

, C
A

	
86

,2
65

	
10

	
54

	
6.

7	
0.

72 	
3.

8	
4.

34

  F
R

A
		


G

ra
nd

, C
O

	
12

,4
42

	
3	

0	
6.

8	
1.

12 	
1.

13 	
12

.3
  P

R
I		


B

on
ne

r, 
ID

	
36

,8
35

	
8	

23
	

7.
6	

0.
82 	

4.
6	

4.
14

  W
IN

		


Sk
am

an
ia

, W
A

	
9,

87
2	

2	
06 	

1.
5	

0.
32 	

4.
63 	

2.
44

1  D
at

a 
fr

om
 1

99
7.

 T
he

 1
99

7 
to

ta
l p

op
ul

at
io

n 
si

ze
 is

 in
te

rp
ol

at
ed

 fr
om

 lo
ng

-te
rm

 d
at

a 
fo

r t
he

 c
ou

nt
y.

2  W
ith

 fo
ot

no
te

, d
at

a 
ar

e 
fr

om
 1

99
2;

 w
ith

ou
t f

oo
tn

ot
e,

 d
at

a 
ar

e 
fr

om
 2

00
0.

 T
he

 1
99

2 
to

ta
l p

op
ul

at
io

n 
si

ze
 is

 in
te

rp
ol

at
ed

 fr
om

 lo
ng

-te
rm

 d
at

a 
fo

r t
he

 
co

un
ty

.
3  W

ith
 fo

ot
no

te
, d

at
a 

ar
e 

fr
om

 1
99

2;
 w

ith
ou

t f
oo

tn
ot

e,
 d

at
a 

ar
e 

fr
om

 1
99

7.
 T

he
 1

99
2 

an
d 

19
97

 to
ta

l p
op

ul
at

io
n 

si
ze

s a
re

 in
te

rp
ol

at
ed

 fr
om

 lo
ng

-te
rm

 
da

ta
 fo

r t
he

 c
ou

nt
y.

4  W
ith

 fo
ot

no
te

, d
at

a 
ar

e 
fr

om
 1

99
7;

 w
ith

ou
t f

oo
tn

ot
e,

 d
at

a 
ar

e 
fr

om
 2

00
0.

 T
he

 1
99

7 
to

ta
l p

op
ul

at
io

n 
si

ze
 is

 in
te

rp
ol

at
ed

 fr
om

 lo
ng

-te
rm

 d
at

a 
fo

r t
he

 
co

un
ty

.
5  T

he
 fo

ca
l c

ou
nt

y 
is

 B
al

tim
or

e 
C

ity
, n

ot
 B

al
tim

or
e 

C
ou

nt
y.

6  P
er

ce
nt

ag
e 

of
 u

rb
an

 p
op

ul
at

io
n 

in
 1

99
0,

 n
ot

 2
00

0.
- N

o 
av

ai
la

bl
e 

da
ta

.




