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The Project

Ʒ USEPA ORD Global Change Research Program is charged with 
evaluating vulnerabilities of natural and human systems to global 
change

Ʒ Global change includes both climate change and land use change

Ʒ Responses of watershed hydrology and water quality are particularly 
uncertain and in need of further study

Ʒ Multi-year contract to develop the assessment

ÁBrings together scientists from GCRP, Tetra Tech, Aqua Terra, and 
Texas A&M

ÁJust moving to results phase

Obligatory disclaimer:  The views expressed in this presentation are 
those of the authors and do not necessarily reflect the views or 
policies of the U.S. Environmental Protection Agency



Climate is changingé

ƷWarming of the climate system is unequivocal 
(regardless of the cause) as is evident from

ÁIncreases in global average air and ocean temperatures 
(~0.74 ºC/century)

ÁWidespread melting of snow and ice

ÁRising global average sea level (~1.8 mm/yr since 1861)

Ʒ Regionally variable changes have occurred in the 
amount, intensity, and form of precipitation during the last 
century

Ʒ Trends are expected to continue or 
accelerate (IPC, 2007)



Watersheds are vulnerable



What can we do?

Ʒ High levels of uncertainty demand an ensemble 
approach ïfor both climate forecasts and watershed 
response

ƷEven though they canôt give us predictions, simulation 
models can be used to develop change scenarios over a 
range of possible outcomes

Ʒ These scenarios can be used to systematically explore 
the implications of different futures

Ʒ This process allows us to identify where the greatest 
vulnerabilities lies, and which response options are 
robust, given a particular decision context



EPA GCRP 20-Watershed Modeling Study

Watershed modeling in 20 US watersheds (~20,000 mi2)

Focus on streamflow, sediment, and nutrient loads

Purpose:

Åunderstand sensitivity/vulnerability to climate and land-use 
change

ÅDevelop hydrologic and water quality change scenarios for 
2040-2070

Pilot watersheds (5):

Å2 models, HSPF and SWAT (ensemble approach)

Å14 climate change scenarios (from NCAR NARCCAP)

Å2 land-use change scenarios

Additional watersheds (15):

Å1 model, 4 climate change scenarios, 2 land-use scenarios



20 Watersheds ïStudy Sites
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Southeastern Study Sites

Á Apalachicola-
Chattahoochee-Flint (ACF) ï
Pilot Site

Á Neuse-Tar-Pamlico ï
Additional Site

Á Florida ïGeorgia Coastal 
Basins (Tallahassee to 
Tampa) - Additional Site
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Climate change scenarios

Ʒ Core of regionally downscaled climate change scenarios 
from NCAR North American Regional Climate Change 
Assessment Program (NARCCAP) [A2 emissions 
scenario]

Ʒ Compare future (2040-2070) to present (1970-2000)

Ʒ Compare (expensive) dynamic downscaling [~50 km] to 
raw GCM [~1°] and statistical downscaling

Ʒ Data interpolated to NCDC station locations 
used in watershed model calibration

ÁDelta change method to create hydro 
model inputs (BASINS CAT)

ÁPET using Penman-Monteith to account 
for concurrent changes in wind, 
insolation, humidity, etc.





Land -use change scenarios

Ʒ National scale projections of housing density (1 ha 
resolution) and impervious cover (1 km resolution) from 
NCEAôs Integrated Climate and Landuse Change 
Scenarios (ICLUS) project

Ʒ Future 2050 (same as climate)

Ʒ Scenarios consistent with IPCC SRES A2 storyline 
(same as climate)

Ʒ Discharges, withdrawals, 
reservoir operating rules
held constant



Some Preliminary Results for the ACF

Ʒ 19,600 square miles

Ʒ Contains Atlanta 
and its water supply 
(Lake Lanier)

Ʒ Subject to long-
running legal 
disputes over fair 
management of the 
system

Ʒ Good flow gaging 
and precipitation 
records

02358000

02353500

02353000

02349500

02343801

02339500

02336300
02336000

02331600

4

2
3

87

1

9

33

88

2965

90

81

34

5

13

23

35

10

28

98

71

26

56

8

99

31

79

92

25

60

59

39

57

38

58

46

37

30

86

62

95

73

80

36

55

7

32

19

49

11

69

48

27

74

89

72

76

53

14

15

97

78

64

41

66

20

84 83

17

93

12

91

22

42

45

103

82

16

18

101

63

24

21

102

6

44

85

70

94

100

96

51

68

52

40

61

75

43

77

67

50

47

54

I20

I10

I16

I65

I85

I59

I75

I185

I575

I385

I26

I565

I24

I475

I459

I285

I520

I675

I110

I759

I124

I185

I985

I24  N

GCRP Model Areas - ACF River Basin
Model Segmentation

NAD_1983_Albers_meters
Map produced 2-8-2010 - B. Tucker

0 60 12030
Kilometers

0 60 12030
Miles

Legend

USGS Gages

Hydrography

Interstate

Water (Nat. Atlas Dataset)

US Census Populated Places

Municipalities (pop Ó 50,000)

County Boundaries

Initial Calibration Watershed

Model Subbasins

Atlanta

Columbus

Alabama

Georgia

Florida



Model Development and Calibration

Ʒ Calibration/Validation is essential for adequate 
watershed model performance

ÁModels based only on geographic information without 
calibration tend to perform poorly

ÁHowever, calibration does raise issues for extrapolation

Ʒ Both HSPF and SWAT models developed for the basin

ÁInitial calibration to the Upper Flint; extension to whole

ÁBoth models perform adequately

Ʒ Simulation over 1973 ï2002 weather (2000 land use)

ÁCalibration 1993-2002; Validation 1983 ï1992 

ÁFuture scenarios based on modification of 1973 ï2002 
weather



Model Performance ïFlow, Flint River



Model Performance ïWater Quality



Change Scenarios

Ʒ Contains wide ecosystem 
range ïBlue Ridge to Gulf 
of Mexico

Ʒ Climate scenarios ï
change statistics applied to 
38 driving met stations

Ʒ Also anticipate significant 
land use change (e.g., 
Atlanta metro area)


