
SAP 4.3 Technical/Peer Review Draft  Sept. 2007 

Public Comment Draft – Do Not Copy, Cite, or Quote 
  
 

2

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

TABLE OF CONTENTS 
 
 
REPORT Abstract............................................................................................................... 6 
Executive Summary ............................................................................................................ 6  

1 Introduction........................................................................................................... 31 
1.1 Scope of this Report...................................................................................... 31 
1.2 Guiding Questions for this Report ................................................................ 31 
1.3 Ascribing Confidence to Findings ................................................................ 32 
1.4 Time Horizon for this Report........................................................................ 32 
1.5 Global Climate Context ................................................................................ 34 
1.6 U.S. Climate Context .................................................................................... 38 
1.7 Ecological and Biological Context ............................................................... 41 
1.8 Attribution of Ecosystem Changes ............................................................... 42 
1.9 Summary ....................................................................................................... 43 

2 Agriculture ............................................................................................................ 44 
2.1 Introduction................................................................................................... 44 
2.2 Key Points from the Literature ..................................................................... 48 
2.3 Summary of Findings and Conclusions ........................................................ 50 
2.4 Observed Changes and Responses................................................................ 53 

2.4.1 Scope of the Agricultural Systems........................................................ 53 
2.4.2 Plant Response to Temperature ............................................................ 53 
2.4.3 Temperature Response of Animals....................................................... 67 
2.4.4 Crop Responses to CO2......................................................................... 73 
2.4.5 Effects of CO2 Increase on Water Use and Water Use Efficiency ....... 79 
2.4.6 Crop Response to Tropospheric Ozone ................................................ 87 
2.4.7 Pastureland............................................................................................ 89 
2.4.8 Rangeland ............................................................................................. 92 

2.5 Episodes of Extreme Events ......................................................................... 93 
2.5.1 Elevated temperature or rainfall deficit ................................................ 93 
2.5.2 Intense rainfall events ........................................................................... 93 

2.6 Possible Future Changes and Impacts........................................................... 94 
2.6.1 Projections Based on Increment of Temperature and CO2 for crops.... 94 
2.6.2 Projections for weeds............................................................................ 95 
2.6.3 Projections for insects and pathogens ................................................... 96 
2.6.4 Predictions of Forage Yields and Nutrient Cycling under Climate ...... 96 
2.6.5 Implications of Altered Productivity, Nitrogen cycle .......................... 98 
2.6.6 Impacts on Species Composition ........................................................ 102 
2.6.7 Forage Quality .................................................................................... 106 
2.6.8 Climatic Influences on Livestock ....................................................... 108 
2.6.9 Potential Impact of Climate Change on Livestock ............................. 108 

2.7 Observing/Monitoring Systems .................................................................. 113 
2.7.1 Monitoring Relevant to Crops ............................................................ 113 
2.7.2 Monitoring Relevant to Pasturelands.................................................. 113 
2.7.3 Monitoring Relevant to Rangelands ................................................... 114 

2.8 Interactions among Systems ....................................................................... 115 



SAP 4.3 Technical/Peer Review Draft  Sept. 2007 

Public Comment Draft – Do Not Copy, Cite, or Quote 
  
 

3

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

2.8.1 Climate Change and Sustainability of Pasturelands ........................... 115 
2.9 Findings and Conclusions ........................................................................... 115 

2.9.1 Grain and Oilseed Crops..................................................................... 115 
2.9.2 Horticultural Crops ............................................................................. 117 
2.9.3 Weeds.................................................................................................. 117 
2.9.4 Insects and Disease Pests .................................................................... 117 
2.9.5 Rangelands.......................................................................................... 117 
2.9.6 Animal Production Systems................................................................ 121 

3 Land Resources  ............................................................................................. 123 
3.1 The effects of climate change on land resources ........................................ 123 
3.2 Brief Summary of Key Points from the Literature ..................................... 129 

3.2.1 Forests ................................................................................................. 129 
3.2.2 Arid Lands .......................................................................................... 130 

3.3 Summary of Findings and Conclusions ...................................................... 131 
3.3.1 Forests ................................................................................................. 131 
3.3.2 Arid Lands .......................................................................................... 131 
3.3.3 Observing Systems.............................................................................. 132 

3.4 Observed Changes or Trends - Forests ....................................................... 132 
3.4.1 Climate and Ecosystem Context ......................................................... 132 
3.4.2 Temperature ........................................................................................ 134 
3.4.3 Fire and Insect Outbreaks ................................................................... 134 

3.5 Possible Future Changes and Impacts - Forests.......................................... 136 
3.5.1 Warming ............................................................................................. 136 
3.5.2 Changes in Precipitation ..................................................................... 137 
3.5.3 Elevated Atmospheric CO2 and Carbon Sequestration....................... 138 
3.5.4 Interactive effects including O3, N deposition, and forest age ........... 140 
3.5.5 Fire frequency and severity................................................................. 141 
3.5.6 Insect outbreaks .................................................................................. 143 
3.5.7 Storms (hurricanes, ice storms, windstorms)...................................... 147 
3.5.8 Changes in Overstory Species Composition....................................... 148 

3.6 Indicators and observing systems – Forests................................................ 149 
3.6.1 Characteristics of Observing Systems ................................................ 149 
3.6.2 Indicators of Climate Change Effects ................................................. 150 
3.6.3 Current Capabilities and Needs .......................................................... 152 

3.7 How Changes in One System Affect Other Systems – Forests .................. 153 
3.8 Findings and Conclusions - Forests ............................................................ 154 

3.8.1 Introduction......................................................................................... 154 
3.8.2 Key Findings and Conclusions ........................................................... 154 

3.9 Observed and Predicted Changes or Trends – Arid Lands ......................... 157 
3.9.1 Introduction......................................................................................... 157 
3.9.2 Bio-Climatic Setting ........................................................................... 158 
3.9.3 Climate Influences at Local Scales ..................................................... 160 
3.9.4 Climate and Disturbance..................................................................... 160 
3.9.5 Desertification..................................................................................... 161 
3.9.6 Biotic Invasions .................................................................................. 162 
3.9.7 A Systems Perspective........................................................................ 163 



SAP 4.3 Technical/Peer Review Draft  Sept. 2007 

Public Comment Draft – Do Not Copy, Cite, or Quote 
  
 

4

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

3.10 Species Distributions and Community Dynamics ...................................... 164 
3.10.1 Climate-Fire Regimes ......................................................................... 164 
3.10.2 Drought and Vegetation Structure ...................................................... 165 
3.10.3 Plant Functional Group Responses ..................................................... 166 
3.10.4 Charismatic Mega Flora...................................................................... 167 

3.11 Ecosystem Processes................................................................................... 168 
3.11.1 Net Primary Production and Biomass................................................. 168 
3.11.2 Soil Respiration................................................................................... 168 
3.11.3 Net Carbon Balance ............................................................................ 169 
3.11.4 Biogeochemistry ................................................................................. 169 
3.11.5 Trace-gases ......................................................................................... 170 

3.12 Arid Land Rivers and Riparian Zones ........................................................ 170 
3.12.1 Water Budgets..................................................................................... 171 
3.12.2 Native and Non-Native Plant Interactions .......................................... 172 
3.12.3 Extreme Events ................................................................................... 173 

3.13 Wind and Water Erosion............................................................................. 174 
3.13.1 Water Erosion ..................................................................................... 174 
3.13.2 Wind Erosion ...................................................................................... 175 
3.13.3 Impacts of Water and Wind Erosion................................................... 176 

3.14 Indicators and Observing Systems – Arid Lands........................................ 176 
3.14.1 Existing Systems................................................................................. 176 

3.15 Needs........................................................................................................... 178 
3.16 Findings and Conclusions – Arid Lands..................................................... 179 

4 Water Resources ................................................................................................. 183 
4.1 Introduction................................................................................................. 183 
4.2 Hydroclimatology of the U.S, and the role of water management ............. 183 
4.3 Trends in U.S. water use ............................................................................. 184 
4.4 Observed trends in U.S. water resources .................................................... 184 
4.5 Projected future changes in U.S. water resources....................................... 185 
4.6 Findings and conclusions............................................................................ 186 
4.7 Background................................................................................................. 187 
4.8 Hydroclimatic variability in the United States............................................ 188 

4.8.1 Characteristics of managed water resources in the United States....... 190 
4.9 Observed changes in U.S. water resources ................................................. 192 

4.9.1 Observed streamflow trends ............................................................... 192 
4.9.2 Evaporation trends .............................................................................. 193 
4.9.3 U.S. drought trends ............................................................................. 195 
4.9.4 Regional assessment of changes in U.S. water resources................... 196 

4.10 Water quality............................................................................................... 201 
4.11 Attribution of changes................................................................................. 203 
4.12 Future changes and impacts ........................................................................ 205 
4.13 Hydrology and water resources .................................................................. 208 

4.13.1 Central ................................................................................................ 209 
4.13.2 Northeast............................................................................................. 210 
4.13.3 South and Southeast KH ..................................................................... 211 
4.13.4 Alaska.................................................................................................. 212 



SAP 4.3 Technical/Peer Review Draft  Sept. 2007 

Public Comment Draft – Do Not Copy, Cite, or Quote 
  
 

5

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

4.13.5 Hawaii................................................................................................. 212 
4.14 Water quality............................................................................................... 212 

4.14.1 Hydrology-landscape interactions ...................................................... 214 
4.14.2 Observing system................................................................................ 216 

5 Biodiversity......................................................................................................... 220 
5.1 Introduction and Framework....................................................................... 220 
5.2 Changes in Distribution and Phenologies in Terrestrial Ecosystems ......... 220 

5.2.1 Introduction......................................................................................... 220 
5.2.2 Growing season length and net primary production ........................... 221 

5.3 Biogeographical and phenological shifts .................................................... 221 
5.3.1 Migratory birds ................................................................................... 222 
5.3.2 Butterflies............................................................................................ 224 
5.3.3 Coral Reefs.......................................................................................... 227 
5.3.4 Coastal Seashores................................................................................ 229 
5.3.5 Arctic................................................................................................... 230 

5.4 Changes in Pests and Pathogens ................................................................. 231 
5.4.1 Interactions of climate change with pests, pathogens, ....................... 231 

5.5 Climate change, marine fisheries and marine ecosystem change ............... 234 
5.5.1 Observed and Projected Impacts......................................................... 237 

5.6 Particular Sensitive Systems ....................................................................... 240 
5.6.1 Impacts of climate change on montane ecosystems ........................... 240 
5.6.2 Polar bears in a changing climate ....................................................... 242 

5.7 Ecosystem Services and Expectations for Future Change.......................... 244 
5.8 Adequacy of observing systems.................................................................. 246 

5.8.1 Table: Existing monitoring systems.................................................... 248 
5.9 Major Findings and Conclusions ................................................................ 250 

5.9.1 Growing Season and Phenology ......................................................... 250 
5.9.2 Biogeographical and phenological shifts ............................................ 250 
5.9.3 Coastal and Near Shore Systems ........................................................ 251 
5.9.4 Corals .................................................................................................. 251 
5.9.5 Coastal Lands...................................................................................... 252 
5.9.6 Arctic................................................................................................... 252 
5.9.7 Pests and Pathogens ............................................................................ 252 
5.9.8 Invasive Plants .................................................................................... 253 
5.9.9 Marine Fisheries.................................................................................. 253 
5.9.10 Particular Sensitive Systems ............................................................... 254 
5.9.11 Polar Bears .......................................................................................... 255 

6 Synthesis ............................................................................................................. 256 
Appendix A. Acronym List and Glossary....................................................................... 265 
Appendix B. References ................................................................................................. 271 
 

 


