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JUSTIFICATION & NEED

USDA

v Agency influences 400 million acres of
cropland and CRP land in the U.S. [2003 Annual
NRI-Land Use, May 2006]

v' Steward of 193 million acres of publicly-

owned forests and rangelands in the U.S.
[www.fs.fed.us/aboutus/, 12/1/2006]

USDOI

v' Steward of 506 million acres of public lands
[www.doi.gov/facts.html, 12/1/2006]

= BLM 262 million acres
USFWS 94 million acres
NPS 85 million acres
BIA 56 million acres
BOR 9 million acres




GOAL

Develop a Cost-Effective and Practical
Methodology to Quantify Multiple and
Simultaneous Outcomes of
Conservation Practices, Programs, and
Land Management Activities
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RECHARGE HYDROLOGIC RELATION TO DISCHARGE

GROUND WATER
From Euliss et al. 2004
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Service

Measure

Floodwater Storage

Estimate of water storage potential

Biodiversity/Habitat Quality

Floristic quality, taxon richness,
habitat suitability

Erosion, Sedimentation and
nutrient loading potential

Sedimentation and nutrient loading
for wetlands in cropland, restored
grassland and native prairie

Carbon Sequestration

Estimates of soil and wetland
vegetation carbon stocks

Greenhouse Gas Emissions
Reduction

Comparison of rates of reduction
greenhouse gas emissions from
wetlands in cropland, restored
grassland and native prairie

= USGS

science for a changing world
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+ Cottonwood Lake Study Area
_ 1997 Wetland Survey
¢ 2004 Wetland Survey
- 4-Square Mile Plots
Prairie Pothole Region
[] State and Provincial Boundaries



Because wetlands are intricately
linked with their upland
catchments

It allows us to consider temporal
wetland phases as ecosystem frames
and to use our knowledge of land-use
Influences to make wall-to-wall

landscape assessments and
predictions
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Cottonwood Lake Study Area
Wetland P7




Breeding Bird Surveys

Blue-winged Teal

American Coot

7
o
e
o
Q
=
0
L
L]
i
&

0 | | | | | |
1992 1993 1997 1998




Carbon Sequestration Service

MLRA Cropland (OC Mg/ha)

102A 48.1
103 56.2
53C 50.9

ZUSGS

Restored (OC Mag/ha)

?
?
?

Native (OC Mag/ha)

/3.4
76.7
54.9




Impacts of CRP on Bird A
and Carbon Seqguestration




Impacts of CRP on Bird A and Carbon Sequestration

Precipitation Regime MEE

precip cum prob  prob frame index (tonCivr)
. hiiggh 1 01 01 dry 1 02 MOdeI Paramete s
Cl I m ate mid high 2 03 02 degentating 2 03
normal 3 0.5 05 regenerating 3 0.4 C Gain under various precipitation for different systems
. lovy 4 1 0z lake 4 0.z High Micl-High Mortmal Low
R e g I m e Ecosystem Code 1 2 ] 4
Frame Transitions Wetland 0z 04 0.3 0z
Precip The Frame a Wetland = Previous Current HEE Grazsland 20 015 04 u] -0
Wetland rand Regime is in this year Frame Frame (tonCiyr) Crop a0 0.1 0.05 u] 0.3
CRP 21 0.4 0.2 01 i
A 0.ys 3 degenrating 2 2 03
B 060 3 ey 1 1 0.2
Wetl an d c 0.5 4 dry 1 1 0.2 Bird A Ecology
D 0.91 4 dry 1 1 0z | Dy | Regenerating |Degenerating| Lake
F rames E 0.24 2 lake = [ 0.2 [Bird & habitat gquality (0-17 | 0] 1] 06| 0.4
[ Minimum [ Msximum |
|Impact of grassland extent (miles2) 0n| D| 12|
Maximum bird A populstion a0
Humber of Birds Simulation
Water Depth Year Grassland 20
1] 1 Crop 30
Landscape A (without CRP) e Ye ar 1
mile
mile 1 2 3 4 5 3 7 5 9 10
1 30 30 30 30 30 20 20 20 20 20
2 30 30 30 30 30 20 30 30 20 20 ;
Landsca e A 3 30 30 30 30 30 e 30 30 20 20 Total Birds
p . 4 30 30 30 30 30 30 30 30 20 20
5 30 30 30 30 30 30 [ 30 20 20 v 25()
5 Wetlands & 30 30 30 30 30 30 30 30 20 20 E 200 B This Year
7 30 20 30 30 30 30 30 30 20 m 150
8 30& 30 30 30 30 30 30 20 5 100 36 36 36 36 B Long Terr
3 30 20 so [ 30 30 20 20 o I0 [ —
10 30 20 30 30 30 30 30 20 20 Z 0D T
11 30 30 30 30 30 30 20 20 20 20 A B
12 30 30 30 30 30 30 20 20 20 20
Landscape
Landscape B (with CRP)
mile Carbon Gain
mile 1 2 3 4 5 3 7 g g 10
1 30 30 30 30 30 20 20 20 20 20 40
2 30 30 30 30 30 20 2| 2 20 20 c
Landsca e B . 3 30 30 30 30 30 21 21 20 20 " =20 o _
p . 4 30 30 30 30 30 2 21 2 20 20 o = 1.0 1.0 310 310 | This ‘Year
5 30 30 30 30 30 21 [ 21 20 20 cgo . . B Long Term
5 Wetl an d S 6 30 30 30 30 30 » 21 21 20 20 8s A 5
7 30 20 30 30 30 1| 2| 2 20 ® =20 -
5 30 h 30 30 30 x| b2 2 20 ©
PIUS CRP 3 30 20 30 [ 2 21 20 20 -40
10 30 20 30 30 30 30 30 20 20
11 30 30 30 30 30 30 20 20 20 20 Landscape

12 30 30 30 30 30 30 20 20 20 20
= USGS



Impacts of CRP on Bird A and Carbon Sequestration

Precipitation Regime MEE

precip cum prob  prob frame index (tonCivr)
_ _ _eumprob_prob__ fa 1 Model Parameters
Cl I m ate mid high 2 03 02 degentating 2 03
3 0.5 05 regenerating 3 0.4 C Gain under various precipitation for different systems
. 4 1 lake 4 High Micl-High Mortmal Low
R e g I m e Ecosystem Code 1 2 ] 4
Frame Transitions Wietland 0.2 0.4 03 0.2
Precip The Frame a Wetland = Previous Current HEE Grazsland 20 015 04 u] -0
rand Regime is in this year Frame Frame (tonCiyr) Crop a0 0.1 0.05 u] 0.3
CRP 21 0.4 0z 0.1 a

A 0.ys 3 degenrating 2 2 .
B 050 3 dry 1 1 0.z
Wetl an d c 0.5 4 dry 1 1 0.2 Bird A Ecology
D 0.91 4 dry 1 1 0z | Dy | Regenerating |Degenerating| Lake
F rames E 2 lake = [ [Bird & habitat gquality (0-17 | 0] 1] 06| 0.4
[ Minimum [ Msximum |
|Impact of grassland extent (miles2) 0n| D| 12|
Maximum bird A populstion a0
Humber of Birds Simulation
Water Depth Year Grassland 20
1] 1 Crop 30
Landscape A (without CRP) e Ye ar 1
mile
mile 1 2 3 4 5 £ 7 E g 10
1 30 30 30 30 30 20 20 20 20 20
2 30 30 30 30 30 20 30 30 20 20 )
Lan d scape A . 3 30 30 30 30 30 e 30 30 20 20 Total Birds
p . 4 30 30 30 30 30 30 30 30 20 20
5 30 30 30 30 30 30 [ 30 20 20 v 25()
5 Wetlands & 30 30 30 30 30 30 30 30 20 20 E 200 B This Year
7 30 20 30 30 30 30 30 30 20 m 150
8 30& 30 30 30 30 30 30 20 5 100 36 36 36 36 B Long Terr
3 30 20 so [ 30 30 20 20 o I0 [ —
10 30 20 30 30 30 30 30 20 20 Z 0D T
" 30 30 30 30 30 30 20 20 20 20 A E
12 30 30 30 30 30 30 20 20 20 20
Landscape
Landscape B (with CRP)
mile Carbon Gain
mile 1 2 3 4 5 6 7 & g 10
1 30 30 30 30 30 20 20 20 20 20 40
2 30 30 30 30 30 20 21 21 20 20 c
Landsca e B . 3 30 30 30 30 30 21 21 20 20 " =20 o _
p . 4 30 30 30 30 30 2 21 2 20 20 o = 1.0 1.0 310 310 | This ‘Year
5 30 30 30 30 30 21 [ 21 20 20 cgo . . B Long Term
5 Wetlands 6 30 30 30 30 30 » 21 21 20 20 8s A 5
7 30 20 30 30 30 21 21 21 20 s =20 4
& 30 h 30 30 30 2 2 21 20 o
PIUS CRP 3 30 20 30 [ 2 21 20 20 -40
10 30 20 30 30 30 30 30 20 20
11 30 30 30 30 30 30 20 20 20 20 Landscape

12 30 30 30 30 30 30 20 20 20 20
= USGS



Impacts of CRP on Bird A and Carbon Sequestration

Precipitation Regime

rand Regime is in this year

A 0.ys 3 degenrating
B 0.60 3 dry
[ 0.81 4 dry
D 0. 4 dry
E 2 lake

Frame Transitions
Precip The Frame a Wetland = Previous Current HEE
Frame

Frame (tonCiyr)

2
1
1
1

precip cum prob  prob
' high 1 0.1 0.1
' 2 0.3 0.2
3 0.8 0.5
4 1

Precip
rand Regime

MEE

precip cum prob  prob frame index (tonCivr)
1 04 01 dry 1 0z
2 0.3 0.2 degenrating 2 0.3
3 0.5 05 regenerating 3 0.4
4 1 lake 4 .

frame

dry
degenrating

regenerating

lake

The Frame a Wetland Previous

is in this year

3 degenrating

A

B 0.60 3 dry
Cc 0.81 4 dry
D 0.91 4 dry
E 2 lake

Frame

Frame Transitions

| Model Parameters |

EcozY g Code
Wietland
Grazsland
Crop
CRP

Bird A Ecology

Gain under various precipitation for different systems

High Micl-High Mortmal Low
1 2 3 4
0z 0.4 03 0z
| 015 0.1 0 0.1
a2 0.1 0.0s i 03
21 g 0.2 0.1 0

| Dy | Regenerating | CEWN rating| Lake
[Biret & habitat quality (0-17 | o] 1] 5 0.4

index

R ZU N & N

Current
Frame

L N W N Y

I_\._\._LM

flzximLm

NEE
(tonClyr)

0.2
0.3
0.4
0.2

initnLim

NEE
(tonClyr)

0.3
0.2
0.2
0.2
0.2




Impacts of CRP on Bird A and Carbon Sequestration

high

Climate
Regime

lovwy

Wetland
Frames

mid high
norml

mBE&a|E D

Wetland

Precipitation Regime

precip cum prob  prob
1 04 01
2 03 02
3 0.8 0s
4 1

rand

Humber of Birds
Water Depth

Landscape A:
5 Wetlands

2
B

o0 m th e Lo kS

)
B

Landscape B:
5 Wetlands
Plus CRP

ZUSGS

00~ h e L b

mile

mile

frame index
dry

degenrating
regenerating

lake

L) b

Frame Transitions

Precip The Frame a Wetland = Previous Current HEE

Regime is in this year Frame Frame (tonCiyr)

0.ys 3 degenrating 2 2 03
060 3 dry 1 1 (i)
0.1 4 dry 1 1 0z
0.91 4 dry 1 1 0.z
0.24 2 lake = [ 0.z

Simulation
Year
0 1
Landscape A (without CRP)
2 3 4 5 3 7
30 30 30 30 30 20 20
30 30 30 30 30 20 30
30 30 30 30 s0je 30
30 30 30 30 30 30 30
30 30 30 30 30 30 [
30 30 30 30 30 30 30
30 20 30 30 30 30 30
30 h 10 30 30 10 30
30 20 so [ 30 30
30 20 10 30 30 10 30
30 30 30 30 30 30 20
30 30 30 30 30 30 20
Landscape B (with CRP)
2 3 4 s [ 7

30 30 30 30 30 20 20
30 30 10 30 30 20 P
30 30 30 30 30 P
30 30 10 30 30 M pa|
30 30 30 30 30 21 [
30 30 30 30 30 b1 ]
30 20 10 30 30 M P2
30 h 30 30 30 b1 b1 |
30 20 30 [ 2 21
30 20 30 30 30 30 30
30 30 30 30 30 30 20
30 30 10 30 30 10 20

MEE

(tonCivr)

0z

Grassland
Crop
CRP
g 9
20 20
30 20
30 20
30 20
30 20
30 20
30
30
20
20
20 20
20 20
g 9

20 20
21 20
21 20
21 20
21 20
21 20
21
21
20
20
20 20
20 20

20
30

Fal

10

Model Parameters

C Gain under various precipitation for different systems
High Micl-High Mortmal Low
Ecosystem Code 1 2 ] 4
Wetland 0z 04 0.3 0z
Grazsland 20 015 01 1] -0.1
Crop 30 1N 0.0s 0 0.3
CRP 21 0.4 0z 0.1 a
Bird A Ecology
| Dy | Regenerating |Degenerating| Lake
[Biret & habitat quality (0-17 | o] 1] 05| 0.4
[ Minimum [ Msximum |
|Impact of grassland extent (miles2) 0n| D| 12|
Maximum bird A populstion a0
Total Birds
§ 230
£ 200 W This Year
m 150
5 100 36 36 36 36 @ Long Term]
o
Z 0 .
A B
Landscape
Carbon Gain
40
c
‘=20 -
0> 110 110 3100 310 W This Year
[=a") ] . 1
o c OLong Term
22 A B
m =20
Q
-40
Landscape




Impacts of CRP on Bird A and Carbon Sequestration

Precipitation Regime
4 it

(tonCivr)
0z

Model Parameters

| Model Parameters bd

C Gain under various precipitation for different systems

Ecosystem
Wetland
Grassland
Crop

CRP

Bird A Ecology

Code

1

Mid-High
2

Normal

0.2

0.4

0.3

0.15

0.1

0

0.1

0.05

0

0.4

0.2

0.1

Regenerating

Degenerating

Bird A habitat quality (0-1)

1

0.6

0.4

Minimum

Maximum

Impact of grassland extent (miles2) on bird

0

12

(max should be less than 25 in this example)

Maximum bird A population




Impacts of CRP on Bird A and Carbon Sequestration

higgh

mid high
norml
lovwy

Climate
Regime

Wetland
Frames

mBE&a|E D

Wetland

Precipitation Regime

Humber of Birds
Water Depth

Landscape A:
5 Wetlands

2
B

o0 m th e Lo kS

)
B

Landscape|B:
5 Wetlands
Plus CRP

00~ h e L b

precip cum prob  prob frame index
1 0.1 0.1 dry 1
2 0.3 0.2 degenrating 2
3 0.5 05 regenerating 3
4 1 0z lake 4
Frame Transitions
Precip The Frame a Wetland = Previous Current HEE
rand Regime is in this year Frame Frame (tonCiyr)
0.ys 3 degenrating 2 2 03
IR 3 ey 1 1 oz
0.81 4 dry 1 1 nz2
0. 4 dry 1 1 0z
024 2 lake = [ 02
Simulation
Year
1] 1
Landscape A (without CRP)
mile
1 2 3 4 = E 7
30 30 30 30 30 20 20
30 30 30 20 30
30 30 30 s0je 30
30 30 30 30 30
30 30 30 30 [
30 30 30 30 30
30 30 30
30 30 30

mile

2 3 4 3 5] 7

MEE
(tonCivr)
0z
03
0.4
0z
Grassland 20
Crop 30
CRP Fal
g 9 10
20 20 20
30 20 20
30 20 20
30 20 20
30 20 20
30 20 20
30 20
30 20

Model Parameters

C Gain under various precipitation for different systems

High Micl-High Mortmal Low
Ecosystem Code 1 2 ] 4
Wetland 0z 04 0.3 0z
Grazsland 20 015 01 1] -0.1
Crop 30 1N 0.0s 0 0.3
CRP 21 0.4 0z 0.1 a
Bird A Ecology
| Dy |Regenerating|Degenerating| Lake
[Biret & habitat quality (0-17 | o] 1] 05| 0.4
[ Minimum [ Msximum |
|Impact of grassland extent (miles2) 0n| D| 12|
Maximum bird A populstion a0
Total Birds
§ 230
£ 200 W This Year
m 150
5 100 36 36 36 36 @ Long Term]
o
Z 0 .
A B
Landscape
Carbon Gain
40
c
‘=20 -
0> 110 110 3100 310 W This Year
[=a") ] 1
o g T O Lang Term
A B
g S
Q
-40
Landscape




Precipitation Regime

Climate
Regime

R e e
L) b

Frame Transitions
Precip The Frame a Wetland = Previous Current
Frame (tonCiyr)

Wetland
Frames

mBE&a|E D
[P

O~ ®OH N AWM=

Impacts of CRP on Bird A and Carbon Sequestration

MEE

(tonCivr)

30
30
30
30

30
30
30
30

0z

Landscape B (with CRP)

6
20

20
21
21
21
21
21

21
30

| Model Parameters |

C Gain under various precipitation for different systems

Dy | Regenerating |Degenerating|

[Biret & habitat quality (0-17 |

|Impact of grassland extent (miles2) 0n|
By pm k] Loy =tior,




Impacts of CRP on Bird A and Carbon Sequestration

Precipitation Regime MEE

precip cum prob  prob frame index (tonCivr)
. hiiggh 1 01 01 dry 1 02 MOdeI Paramete s
Cl I m ate mid high 2 03 02 degentating 2 03
normal 3 0.5 05 regenerating 3 0.4 C Gain under various precipitation for different systems
. lovy 4 1 0z lake 4 0.z High Micl-High Mortmal Low
R e g I m e Ecosystem Code 1 2 ] 4
Frame Transitions Wetland 0z 04 0.3 0z
Precip The Frame a Wetland = Previous Current HEE Grazsland 20 015 04 u] -0
Wetland rand Regime is in this year Frame Frame (tonCiyr) Crop a0 0.1 0.05 u] 0.3
CRP 21 0.4 0.2 01 i
A 0.ys 3 degenrating 2 2 03
B 060 3 ey 1 1 0.2
Wetl an d c 0.5 4 dry 1 1 0.2 Bird A Ecology
D 0.91 4 dry 1 1 0z | Dy | Regenerating |Degenerating| Lake
F rames E 0.24 2 lake = [ 0.2 [Bird & habitat gquality (0-17 | 0] 1] 06| 0.4
[ Minimum [ Msximum |
|Impact of grassland extent (miles2) 0n| D| 12|
Maximum bird A populstion a0
Humber of Birds Simulation
Water Depth Year Grassland 20
1] 1 Crop 30
Landscape A (without CRP) e Ye ar 1
mile
mile 1 2 3 4 5 3 7 5 9 10
1 30 30 30 30 30 20 20 20 20 20
2 30 30 30 30 30 20 30 30 20 20 ;
Landsca e A 3 30 30 30 30 30 e 30 30 20 20 Total Birds
p . 4 30 30 30 30 30 30 30 30 20 20
5 30 30 30 30 30 30 [ 30 20 20 v 25()
5 Wetlands & 30 30 30 30 30 30 30 30 20 20 E 200 B This Year
7 30 20 30 30 30 30 30 30 20 m 150
8 30& 30 30 30 30 30 30 20 5 100 36 36 36 36 B Long Terr
3 30 20 so [ 30 30 20 20 o I0 [ —
10 30 20 30 30 30 30 30 20 20 Z 0D T
11 30 30 30 30 30 30 20 20 20 20 A B
12 30 30 30 30 30 30 20 20 20 20
Landscape
Landscape B (with CRP)
mile Carbon Gain
mile 1 2 3 4 5 3 7 g g 10
1 30 30 30 30 30 20 20 20 20 20 40
2 30 30 30 30 30 20 2| 2 20 20 c
Landsca e B . 3 30 30 30 30 30 21 21 20 20 " =20 o _
p . 4 30 30 30 30 30 2 21 2 20 20 o = 1.0 1.0 310 310 | This ‘Year
5 30 30 30 30 30 21 [ 21 20 20 cgo . . B Long Term
5 Wetl an d S 6 30 30 30 30 30 » 21 21 20 20 8s A 5
7 30 20 30 30 30 1| 2| 2 20 ® =20 -
5 30 h 30 30 30 x| b2 2 20 ©
PIUS CRP 3 30 20 30 [ 2 21 20 20 -40
10 30 20 30 30 30 30 30 20 20
11 30 30 30 30 30 30 20 20 20 20 Landscape

12 30 30 30 30 30 30 20 20 20 20
= USGS



Impacts of CRP on Bird A and Carbon Sequestration

Model Parameters

Total Birds

nder various precipitation for different systems

High Micl-High Mortmal Low
a0 0.12 D.i D.g u;
E E I:I I:I _ _|_ h ) ""-l-'" Grazsland 20| 015 01 1] -0.1
+— Cra| = 0.4 0.05 u] 0.3
m "I 5':' - . IS Ear CRF‘p 0.4 0z 0.1 a
51001 36 38 36 36 B Long Term ——
ﬂ 5 I:I __-—I -:_ | Dy poenerating |Degenerating| Lake
= |:| n | [Biret & habitat quality (0-17 | 1] 05| 0.4

Maimum_ |
12]

A, B

|Impact of grassland extent (miles2) 0n|
Maximum bird A populstion

Landscape
| S
La Carbon Gain Total Birds
£ 355 :
5 & 150 B This Year
5 100 36 36 36 36 8 Long Ter
,E g o e
= : A B
O > 110 110 310 310 B This Year .
- 0 0 andscape
o = O Long Term
g2 A B
m 20 Carbon Gain
L&
40
£
65 010 310 310 B This vear
Landscape §c° ' 1 |mLong Term
28 A B
s 20
[&]
40
Landscape




Impacts of CRP on Bird A and Carbon Sequestration

Total Birds

© 50 - 31

| ol |

953

76 93

I
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@ Long Term
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B
andscape
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Gragsland
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Bird A Ecology
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High hic-High

Marmal Loy

1 2 3 4
0.2 0.4 03 0.2
20| 015 0.1 i 0.1
g 0.1 0.05 0 03
0.4 02 04 o

[Bird & habitat quality (0-17 | 1] 05| 04|
| Idinimu Iaximum |
|Impad of grassland extent (miles2) Dn| 12|

Maximun bird 2 populstion

Carbon Gain

Carbon Gain

.
o

o
1

1.30

330 po7
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o

o
1
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A
o
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O Long Term
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40
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Impacts of Climate Change on
Bird A and Carbon

Sequestration




Impacts of Climate Change on Bird A and Carbon Sequestration

Precipitation Regime MEE

precip cum prak prak frame inclex (tonChr) M Od e I P aram ete rS

dry

degenrating
regenersting . Gain under various precipitation for different systems
lake . High Mid-High Mormal
Ecos
Frame Transitions ietlancd . . 0.3
Precip The Frame a Wetland | Previous Current HEE Grassland
rand Regime is in this year Frame Frame | (tonCir) Crop
CRP

3 degenrating 2 2
2/lake I

4 dry 1 . Bird A Ecology
4 degenrating 2 . |
1

3 dry [Bird & habitat gquality (0-1) |

Diry |Regenerating DEC

Precipitation Regime

precip cumprob  prob frame index
high 0.1 0.1 dry
mid high 0.3 ﬁ degenrating
normal 0.7 0. regenerating
low 1 0.3 lake

Frame Transitions
Precip The Frame a Wetland Previous Current NEE
Wetland rand Regime is in this year Frame Frame (tonClyr)

4 dry 02
3 dry 02
4 dry 02
4 dry 02
0.2




Lan

Impacts of Climate Change on Bird A and Carbon Sequestration

Total Birds

23

4B

| This Year

@ Lang Terr

No of Birds

Landscape

Carbon Gain

Carbon Gain

8.90

| w0 B0

062

Landscape

W This Year
OLong Term

N\

S

Model Parameters

C Gain

pder various precipitation for different systems

High Iicd-Higgh Mormal Loy
Ecosvstem Cogde 1 2 3 4
Wietland 0.2 0.4 0.3 0.2
Grasskand ]| 0.15 0.1 0 0.1
Crop 0.1 0.0s i -0.3
CRP 211N 0.4 0.2 iy 0
Bird A Ecology
[ Dry | R®grersting [Degenerating]  Lake |
[Bird & hahitat quality (0-1) | o] 1] 0.6] 0.4|
| Minimum Maximu_{
[impact of grasstand extent (mile=2) on| 0 12
Iaximum bird & population 50
A
Total Birds
§ 230
£ 200 B This Year
m 150 116 59
‘e 1400 29 4p O Long Term
o 4l
Z 0 T
A B
Landscape
Carbon Gain
40
c
W04 a0 11.80
Q= W This Year
cowog | D I
o E 062 O Long Term
A Bt
[&]
40
Landscape




Two Possible Solutions
to Offset the Effects of

Climate Change




1. Restore Wetlands

2. Expand CRP




Impacts of Targeted CRP on Bird A and Carbon Sequestration

Precipitation Regime MEE
precip cum prob prob frame index tonCivr)
_ - pumprokprob__ fa : 0, Model Parameters
Cl I m ate tmicd higgh 2 0.3 0.2 degenrating 2 0.3
normal 3 07 0.4 regenersting 3 0.4 C Gain under various precipitation for different systems
. lowy 4 1 0.3 lake 4 0.2 High Mid-High Mormal Loy
Reg I me Ecosystem Code 1 2 3 4
Frame Transitions Wietland 0.2 0.4 0.3 0.2
Precip | The Frame aWetland Previous  Current HEE Grassland 20 INE 0.1 u] -0.1
Wetland rand Regime is in this year Frame Frame  (tonCir) Crop 30 0.1 0.05 u] -0.3
CRP 2 04 02 01 a
A 1.00 4 dry 2 1 oz
B 065 3 dry 1 1 nz2
Wetl an d c 044 3 degerrating [ ] 2 03 Bird A Ecology
D 042 3y 1 1 0.2 [ Dry | Regerersting [Degenersting]  Lake |
F E 043 2 lake T 0.2 [Bird & habitat quality (0-17 | 0] 1] 05| 0.4
ram eS F 0.94 4 dry 1 1 0z
G 029 2 |regenerating 1 3 0.4 [ mimimum [ Msimum |

|Impact of grassland extent (miles2) 0n| D| 12|
Mazimum bird A populstion a0
Humber of Birds Simulation
Water Depth Year Grassland 20
1] 1 Crop 30
Landscape A (without CRP) e Ye a I 1
mile
mile, 1 2 3 4 5 7 & g 10
1 30 30 30 30 30 20 20 20 20 20
2 30 30 30 30 30 30 30 20 20 )
Lan d scape A . 3 30 30 30 30 30 30 30 20 20 Total Birds
p . 4 30 30 30 30 30 30 30 30 20 20
5 30 30 30 30 30 so [N 30 20 20 w 250
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Impacts of Targeted CRP on Bird A and Carbon Sequestration
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Comparison of Measured and Predicted Biomass
Using Regression Trees and Landsat Data

Average Biomass (g/0.25m2)

Regression Statistics
0.8694

Multiple R

R Square

Adjusted R
Square

Standard
Error

Observations

Variable

0.7559

0.7524

39.020

§)

§)

74

y = 1.2618x - 27.956
R? = 0.756

76
72

Predicted

‘ & Obsenvations

1:1 line Linear (observations)

Description

Formula

AVERAGE of 3 models

MSAVI, Treat2, GNDVI,
Moist

Treat2, GNDVI, LA,
Moist, GEMI, NDVI,
B2,3,4

Treat2, GNDVI, LAI,
Moist, GEMI, % water,
NDVI

Treat2
GNDVI
LAI
Moist
NDVI
MSAVI
GEMI

% water
B2
B3
B4

Crop/Grass

Green NDVI

Specific Leaf Area Index

Moisture Index

Normalized Difference Vegetation Index
Modified Soil Adjusted Vegetation Index

Percent W ater
Blue band
Red band
Near Infra-red

na

TM (4-2)/ (4 +2)
™ (4)/ (83 +7)
TM (4-5)/(4 +5)
TM (4-3) /(4 +3)

1/2 (2 TM4 + 1 sqrt(((2 TM4 + 1) - 8(TM4 - TM3))))
n*(1-0.25*%n)- (TM3-0.125) /(1 - TM3), where
n=(2(TM42-TM3% + 1/5 TM4 + 0.5 TM3) / (TM4 + TM3 + 0.5)

regression tree sub-pixel estimate
na
na
na




Confidence of

Predicted Biomass . .
Predicted Biomass

Biomass (g/0.25m?) Coefficient of Variation

0 -40 -80 water 0 -0.6 -1.2
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Land Use Categaries

I corn [ ODryEdible Beans
[ Soybeans I Fotstoes
[ Sunflowers [ Al Other Crops
I Durum Wheat [ canale

I Other Small Grains & Hay [ Fallow/Idls Cropland/CRP

3 e [ Pesre/Renge ot North Dakota National Agricultural Statistics Service
Cropland Data Layer




Cottonwood Lake Study Area

Landsat TM
(July 9, 2004, b5,b4,b3)

Predicted Biomass

Biomass (g/0.25m?)

o [l 20 B0 130 >168 water




THE WETLAND CONTINUUM
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RECHARGE HYDROLOGIC RELATION TO DISCHARGE

GROUND WATER
From Euliss et al. 2004




Percent Water Methods

Develop Training Data and Model for Percent Water (30m)

Landsat 7

Path 31 Row 27 July 9,

Percent Water 2004 0O
Mean and Standard Error

Landsat 7 - July 9, 2004

Evaluation on training data (1091 cases):

Regression Statistics
Multiple R 0.974227488

R Square 0.949119198

Adjusted R Square 0.949072475

Standard Error 8.307889804

Observations 1091

Landsat 5

Path 31 Row 27 May 12,
2003

Regression Statistics
Multiple R 0.994566801
R Square 0.989163122
Adjusted R Square 0.989153097
Standard Error 2.918928739
Observations 1083

Predicted (%)

Actual (%)
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Recharge Wetland
- Flow-Through Wetland
Open Discharge Wetland
- Closed Discharge Wetland

High Elevation: 598

Low Elevation: 492

USGS

Using Landsat to Classify
Wetland Hydrologic
Function: Preliminary
Results




Using
Landsat to
Classify
Wetland
Hydrologic
Function:
Preliminary
Results
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Hydrologic Landscapes Map




Servicio Geologico Mexicano scisnce for 8 changing world
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Aguatic Systems Continuum (Tom Winter)

Biotic Interactions
(Hanson et al. 2005)

Geochemical
Landscape
(Goldhaber, personal
communication)

Hydrologic Landscape
(Winter 2001)

Atmospheric Water
(Euliss et al. 2004)

Hydrologic Relation to Ground Water (Euliss et al. 2004)




