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Study GoalsStudy Goals

Ø Outline the current climate characteristics for 
treaty-tribal reservation and ceded lands.

Ø Compare how the climate has changed over the 
last 100 years (through 2004) for treaty-tribal 
lands and ceded lands.

Ø Assess climate impact to tribal water resources.

Ø Native Peoples Climate Change Workshop 
http://www.usgcrp.gov/usgcrp/Library/nationalassessment/native.pdf



MethodsMethods

Ø PRISM Climate data (OSU).
(http://gis.esri.com/library/userconf/proc98/PROCEED/TO600/PAP577/P577.HTM)

Ø Key parameters: Maximum air temperature, 
minimum air temperature, and precipitation.

Ø Tributary Flow analysis: USGS historical observed 
daily stream flow data used to assess shift in sub-
basin flow timing and seasonal flow volumes.

Ø Columbia Flow analysis: BPA modified-adjusted 
monthly stream flow data (compensates for 
evaporation effects and reservoir operations).

Ø Assess climate change risk—land below elevation 
4000 feet?  UW-CIG criteria (www.cses.washington.edu/cig)



Location MapLocation Map



WatershedsWatersheds
Ø Confederated Tribes of the Warm Springs:

Ø --Deschutes, John Day, Hood River, and Fifteen Mile Creek.

Ø Confederated Tribes of the Umatilla:

Ø --John Day, Umatilla, Grand Ronde, and Imnaha (Oregon).

Ø --Walla Walla and Tucannon (Washington).

Ø Nez Perce Tribe:

Ø --Clearwater and Salmon (Idaho).

Ø --Grand Ronde, Imnaha, Walla Walla and Tucannon.

Ø Confederated Tribes of the Yakama Nation:

Ø --Yakima, Klickitat, Wind, Wenatchee, Entiat, Methow, and Okanogan.



Climate Change: Climate Change: 
Deschutes BasinDeschutes Basin

CLIMATE CHANGE: DESCHUTES BASIN, OREGON (PRISM data)

y = 0.0124x + 57.181
R2 = 0.0738 (or +1.2 degF per century)

y = 0.0264x + 29.635
R2 = 0.3466 (or +2.6 degF per century)
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Climate Change: Climate Change: 
Deschutes BasinDeschutes Basin

CLIMATE CHANGE: DESCHUTES BASIN, OREGON (PRISM data)

y = 0.0196x + 18.69
R2 = 0.0254 (or +2.0 inch per century)
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Climate Change:Climate Change:
John Day BasinJohn Day Basin

CLIMATE CHANGE: JOHN DAY BASIN, OREGON (PRISM data)

y = 0.015x + 48.498
R2 = 0.0893 (or +1.5 degF per century)

y = 0.0315x + 22.419
R2 = 0.3736 (or +3.2 degF per century)
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Climate Change:Climate Change:
John Day BasinJohn Day Basin

CLIMATE CHANGE: JOHN DAY BASIN, OREGON (PRISM data)

y = -0.0038x + 20.888
R2 = 0.0012 (or -0.4 inch per century)
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Climate Change: Climate Change: 
Umatilla BasinUmatilla Basin

CLIMATE CHANGE: UMATILLA BASIN, OREGON (PRISM data)

y = 0.0129x + 59.321
R2 = 0.0787 (or +1.3 degF per century)

y = 0.0151x + 36.452
R2 = 0.129 (or +1.5 degF per century)
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Climate Change: Climate Change: 
Umatilla BasinUmatilla Basin

CLIMATE CHANGE: UMATILLA BASIN, OREGON (PRISM data)

y = 0.0036x + 19.295
R2 = 0.0012 (or +0.4 inch per century)
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Climate Change: Climate Change: 
Imnaha BasinImnaha Basin

CLIMATE CHANGE: IMNAHA BASIN, OREGON (PRISM data)

y = 0.0169x + 50.828
R2 = 0.1232 (or +1.7 degF per century)

y = 0.0201x + 30.534
R2 = 0.1693 (or +2.0 per century)
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Climate Change: Climate Change: 
Imnaha BasinImnaha Basin

CLIMATE CHANGE: IMNAHA BASIN, OREGON (PRISM data)

y = 0.0071x + 28.839
R2 = 0.0019 (or +0.7 inch per century)
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Climate Change: Climate Change: 
Clearwater BasinClearwater Basin

CLIMATE CHANGE: CLEARWATER BASIN, IDAHO (PRISM data)

y = 0.0077x + 52.428
R2 = 0.0283 (or +0.8 degF per century)

y = 0.0226x + 26.78
R2 = 0.2248 (or +2.3 degF per century)
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Climate Change: Climate Change: 
Clearwater BasinClearwater Basin

CLIMATE CHANGE: CLEARWATER BASIN, IDAHO (PRISM data)

y = 0.0396x + 37.446
R2 = 0.0462 (or +4.0 inches per century)
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Climate Change: Climate Change: 
Salmon BasinSalmon Basin

CLIMATE CHANGE: SALMON (White Bird) BASIN, IDAHO (PRISM data)

y = 0.0138x + 49.804
R2 = 0.0908 (or +1.4 degF per century)

y = 0.0331x + 21.818
R2 = 0.3957 (or +3.3 degF per century)

20

25

30

35

40

45

50

55

60
19

00

19
04

19
08

19
12

19
16

19
20

19
24

19
28

19
32

19
36

19
40

19
44

19
48

19
52

19
56

19
60

19
64

19
68

19
72

19
76

19
80

19
84

19
88

19
92

19
96

20
00

20
04

A
n

n
u

al
 T

em
p

er
at

u
re

 (
d

eg
F

)

Tmax Tmin Linear (Tmax) Linear (Tmin)



Climate Change: Climate Change: 
Upper Salmon BasinUpper Salmon Basin

CLIMATE CHANGE: SALMON (at Salmon) BASIN, IDAHO (PRISM data)

y = 0.015x + 48.498

R2 = 0.0893 (or +1.5 degF per century)

y = 0.0315x + 22.419

R2 = 0.3736 (or +3.2 degF per century)
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Climate Change: Climate Change: 
Salmon BasinSalmon Basin

CLIMATE CHANGE: SALMON (White Bird) BASIN, IDAHO (PRISM data)

y = 0.0064x + 27.331
R2 = 0.0023 (or +0.6 inches per century)
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Climate Change: Climate Change: 
Upper Salmon BasinUpper Salmon Basin

CLIMATE CHANGE: SALMON (at Salmon) BASIN, IDAHO (PRISM data)

y = -0.0038x + 20.888
R2 = 0.0012 (or -0.4 inches per century)
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Climate Change: Climate Change: 
White Salmon BasinWhite Salmon Basin

CLIMATE CHANGE: WHITE SALMON BASIN, WASHINGTON (PRISM)

y = 0.0119x + 53.819
R2 = 0.0549 (or +1.2 degF per century)

y = 0.0061x + 34.828
R2 = 0.0151 (or +0.6 degF per century)
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Climate Change: Climate Change: 
White Salmon BasinWhite Salmon Basin

CLIMATE CHANGE: WHITE SALMON BASIN, WASHINGTON (PRISM)

y = 0.0346x + 54.766
R2 = 0.0094 (or +3.5 inches per century)
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Climate Change: Climate Change: 
Wenatchee BasinWenatchee Basin

CLIMATE CHANGE: WENATCHEE BASIN, WASHINGTON (PRISM data)

y = 0.0023x + 49.574
R2 = 0.0021 (or +0.2 degF per century)

y = 0.0278x + 28.508
R2 = 0.2796 (or +2.8 degF per century)
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Climate Change: Climate Change: 
Wenatchee BasinWenatchee Basin

CLIMATE CHANGE: WENATCHEE BASIN, WASHINGTON (PRISM data)

y = 0.0447x + 68.232
R2 = 0.0138 (or +4.5 inches per century)
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Climate Change: Climate Change: 
Methow BasinMethow Basin

CLIMATE CHANGE: METHOW  BASIN, WASHINGTON (PRISM data)

y = 0.0159x + 47.655
R2 = 0.0965 (or +1.6 degF per century)

y = 0.035x + 27.516
R2 = 0.3268 (or +3.5 degF per century)
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Climate Change: Climate Change: 
Methow BasinMethow Basin

CLIMATE CHANGE: METHOW BASIN, WASHINGTON (PRISM data)

y = 0.0704x + 24.648

R2 = 0.1408 (or +7.0 inches per century)
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Climate Change: Climate Change: 
Okanogan BasinOkanogan Basin

CLIMATE CHANGE: OKANOGAN BASIN, WASHINGTON (PRISM data)

y = 0.011x + 52.86
R2 = 0.0522 (or +1.1 degF per century)

y = 0.0413x + 28.871
R2 = 0.4297 (or +4.1 degF per century)
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Climate Change: Climate Change: 
Okanogan BasinOkanogan Basin

CLIMATE CHANGE: OKANOGAN BASIN, WASHINGTON (PRISM data)

y = 0.0354x + 14.669
R2 = 0.1161 (or +3.5 inches per century)
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Freshet timing:Freshet timing:
Deschutes BasinDeschutes Basin

DESCHUTES R. nr MOODY, OR (elev. 168 ft./51 m)

y = -0.1261x + 179.7
R2 = 0.1238 (or -12.6 days per century)
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Freshet timing:Freshet timing:
John Day BasinJohn Day Basin

JOHN DAY R. at SERVICE CR., OR (elev. 1632 ft./497 m)

y = -0.0745x + 195.37
R2 = 0.0124 (or -7.5 days per century)
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Freshet Timing: Freshet Timing: 
Umatilla BasinUmatilla Basin

UMATILLA R. at UMATILLA, OR (elev. 330 ft./100 m)

y = -0.1613x + 170.56
R2 = 0.0429 (or -16.1 days per century)
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Freshet Timing: Freshet Timing: 
Imnaha BasinImnaha Basin

IMNAHA R. at IMNAHA, OR (elev. 1941 ft./592 m)

y = -0.0069x + 225.94
R2 = 0.0003 (or -0.7 days per century)
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Freshet timing:Freshet timing:
Salmon BasinSalmon Basin

SALMON R. at WHITEBIRD, ID (elev. 1413 ft./430 m)

y = -0.0548x + 240.11
R2 = 0.0208 (or -5.5 days per century)
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Freshet timing:Freshet timing:
Upper Upper Salmon BasinSalmon Basin

SALMON R. at SALMON, ID (elev. 3911 ft./1192 m)

y = -0.1394x + 239.14
R2 = 0.0401 (or -13.9 days per century)
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Freshet timing:Freshet timing:
Clearwater BasinClearwater Basin

CLEARWATER R. at OROFINO, ID (elev. 991 ft./302 m)

y = -0.0564x + 228.88
R2 = 0.0122 (or -5.6 days per century)
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Freshet Timing: Freshet Timing: 
Walla Walla BasinWalla Walla Basin

MILL CREEK near WALLA WALLA, WA (elev. 1985 ft./ 605 m)

y = -0.1657x + 174.32
R2 = 0.0587 or -16.6 days per century)
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Freshet timing:Freshet timing:
White Salmon BasinWhite Salmon Basin

WHITE SALMON R. near UNDERWOOD, WA (elev. 113 ft./ 34 m)

y = -0.1117x + 183.55
R2 = 0.0302 (or -11.1 days per century)
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Freshet timing:Freshet timing:
Wenatchee BasinWenatchee Basin

WENATCHEE R. at PLAIN, WA (elev. 1805 ft./550 m)

y = -0.0374x + 234.31
R2 = 0.0053 (or -3.7 days per century)
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Freshet timing:Freshet timing:
Methow BasinMethow Basin

METHOW R. at PATEROS, WA (elev. 900 ft./274 m)

y = -0.0172x + 240.72
R2 = 0.0028 (or -1.7 days per century)
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Freshet timing:Freshet timing:
Okanogan BasinOkanogan Basin

OKANOGAN R. at TONASKET, WA (elev. 861 ft./ 262 m)

y = -0.0526x + 240.55
R2 = 0.0196 (or -5.3 days per century)
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Flow Volume: Flow Volume: 
Deschutes BasinDeschutes Basin

Seasonal Flow: Deschutes R. at Moody, OR (1898-2004)

y = -0.0008x + 0.9811
R2 = 0.1221 (or 8% decline)
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Flow Volume: Flow Volume: 
John Day BasinJohn Day Basin

Seasonal Flow: John Day at Service Cr., OR (1930 - 2004)

y = -0.002x + 1.2412
R2 = 0.0465 (or 20% decline)

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

19
30

19
33

19
36

19
39

19
42

19
45

19
48

19
51

19
54

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

19
87

19
90

19
93

19
96

19
99

20
02

R
at

io
 o

f 
S

p
ri

n
g

-S
u

m
m

er
 F

lo
w

 t
o

 A
n

n
u

al
 F

lo
w



Flow Volume: Flow Volume: 
Umatilla BasinUmatilla Basin

Seasonal Flow: Umatilla R. at Umatilla, OR (1904 - 2004)

y = -0.0025x + 0.8446
R2 = 0.0543 (or 25% decline)
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Flow Volume: Flow Volume: 
Imnaha BasinImnaha Basin

Seasonal Flow: Imnaha R. at Imnaha, OR (1929 - 2004)

y = -0.0011x + 1.5706
R2 = 0.0429 (or 11% decline)
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Flow Volume:Flow Volume:
Salmon BasinSalmon Basin

Seasonal Flow: Salmon R. at White Bird, ID (1911-2004)

y = -0.0009x + 1.5942

R2 = 0.053 (or 9% decline)
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Flow Volume:Flow Volume:
Upper Salmon BasinUpper Salmon Basin

Seasonal Flow: Salmon R. at Salmon, ID (1913-2004)

y = -0.0012x + 1.4213
R2 = 0.042 (or 12% decline)
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Flow Volume:Flow Volume:
Clearwater BasinClearwater Basin

Seasonal Flow: Clearwater R. at Orofino, ID (1931 - 1938, 1945 - 2004)

y = -0.0021x + 1.6278
R2 = 0.0833 (or 21% decline)
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Flow Volume: Flow Volume: 
Walla Walla BasinWalla Walla Basin

Seasonal Flow: Mill Crk nr Walla Walla, WA (1914 - 2004)

y = -0.0026x + 0.993

R2 = 0.1356 (or 26% decline)
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Flow Volume:Flow Volume:
White Salmon BasinWhite Salmon Basin

Seasonal Flow: White Salmon R. at Underwood, WA (1916 - 2004)

y = -0.0009x + 1.0166
R2 = 0.0338 (or 9% decline)
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Flow Volume:Flow Volume:
Wenatchee BasinWenatchee Basin

Seasonal Flow: Wenatchee River at Plain, WA (1911 - 2004)

y = -0.0005x + 1.5096
R2 = 0.0088 (or 5% decline)
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Flow Volume:Flow Volume:
MethMethow Basinow Basin

Seasonal Flow: Methow River at/near Pateros, WA (1904 - 2004)

y = -0.0003x + 1.6831
R2 = 0.0068 (or 3% decline)
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Flow Volume:Flow Volume:
Okanogan BasinOkanogan Basin

Seasonal Flow: Okanogan River nr Tonasket, WA (1912 - 2004)

y = -0.0008x + 1.587
R2 = 0.0323 (or 8% decline)
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Flow Volume:Flow Volume:
Columbia BasinColumbia Basin

Columbia River at Bonneville (modified-adjusted flow)

y = -0.001x + 1.468
R2 = 0.0766 (or 10% decline)
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Water Temperature:Water Temperature:
Columbia BasinColumbia Basin

SPRING & SUMMER 1940 - 2005: COLUMBIA (BONNEVILLE) WATER TEMPERATURE

y = 0.0322x + 52.919
R2 = 0.1785

y = 0.0598x + 64.701
R2 = 0.3173
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SnowSnow--pack decline: pack decline: 
4000 ft. threshold4000 ft. threshold

WARM SPRINGS Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % >4000 ft. % <4000 ft. Percent Total of
Deschutes 6064 4695 56% 44% all Sub-basins

John Day 3747 4186 47% 53% above 4000 ft.:
Hood River 80 260 24% 76% 31%

Fifteen Mile Creek 20 564 3% 97%
UMATILLA Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % >4000 ft. % <4000 ft. Percent Total of

John Day 3747 4186 47% 53% all Sub-basins
Umatilla 300 2218 12% 88% above 4000 ft.:

Grand Ronde 2417 1692 59% 41% 16%
Imnaha 648 203 76% 24%

Walla Walla 161 1601 9% 91%
Tucannon 108 1352 7% 93%

NEZ PERCE Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % >4000 ft. % <4000 ft. Percent Total of
Clearwater 235 2096 10% 90% all Sub-basins

Salmon 6402 740 90% 10% above 4000 ft.:
Grand Ronde 2417 1692 59% 41% 54%

Imnaha 648 203 76% 24%
Walla Walla 161 1601 9% 91%

Tucannon 108 1352 7% 93%
YAKAMA Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % >4000 ft. % <4000 ft. Percent Total of

Yakima 1307 4849 21% 79% all Sub-basins
Klickitat 314 1038 23% 77% above 4000 ft.:

Wind 7 217 3% 97% 14%
Wenatchee 623 710 47% 53%

Entiat 232 187 55% 45%
Lake Chelan 566 369 61% 39%

Methow 1144 689 62% 38%
Okanogan 252 1394 15% 85%



Shift in Runoff Timing Shift in Runoff Timing 
vs. Basin Elevationvs. Basin Elevation

SHIFT IN MEDIAN RUNOFF vs. MEAN BASIN ELEVATION

y = 5438.9x-0.1738

R2 = 0.3064

0
500

1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Mean Shift in Days (earlier)

M
ea

n
 B

as
in

 E
le

va
ti

o
n

 (f
ee

t,
 m

sl
)



Shift in Seasonal Volume Shift in Seasonal Volume 
vs. Basin Elevationvs. Basin Elevation

SHIFT IN RUNOFF VOLUME vs. MEAN BASIN ELEVATION

y = 3095.9x-0.121

R2 = 0.0715

1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000
8500
9000

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% 22% 24% 26% 28%

Mean Shift in Seasonal Volumes (Spr-Sum. to Autumn-Winter)

M
ea

n
 B

as
in

 E
le

va
ti

o
n

 (f
ee

t,
 m

sl
)



ConclusionsConclusions

ØØ Yakama Nation and Umatilla Tribe: highest risk for climate changYakama Nation and Umatilla Tribe: highest risk for climate change, e, 
based on lowest amount (14based on lowest amount (14--16%) of land above 4000 feet.16%) of land above 4000 feet.

ØØ Nez Perce Tribe has the lowNez Perce Tribe has the low--moderate risk for climate change, based moderate risk for climate change, based 
on highest amount (54%) of land above 4000 feet.on highest amount (54%) of land above 4000 feet.

ØØ Warm Springs Tribe has a moderateWarm Springs Tribe has a moderate--high risk for climate change, high risk for climate change, 
based on lowbased on low--modest amount (31%) of land above 4000 feet.modest amount (31%) of land above 4000 feet.

ØØ Deschutes basin century climate change: +1.2 degF day Deschutes basin century climate change: +1.2 degF day 
temperature, +2.6 degF night temperature, +2.0 inch (11%) more temperature, +2.6 degF night temperature, +2.0 inch (11%) more 
precipitation.  Flow peaks 12.6 days sooner.  Springprecipitation.  Flow peaks 12.6 days sooner.  Spring--summer flow summer flow 
drops by 8%.drops by 8%.

ØØ John Day basin century climate change: +1.5 degF day temperatureJohn Day basin century climate change: +1.5 degF day temperature, , 
+3.2 degF night temperature, +3.2 degF night temperature, --0.4 inch (2%) less precipitation.  Flow 0.4 inch (2%) less precipitation.  Flow 
peaks 7.5 days sooner.  Springpeaks 7.5 days sooner.  Spring--summer flow drops by 20%.summer flow drops by 20%.

ØØ Umatilla basin century climate change: +1.3 day temperature, +1.Umatilla basin century climate change: +1.3 day temperature, +1.5 5 
degF night temperature, +0.4 inch (2%) more precipitation.  FlowdegF night temperature, +0.4 inch (2%) more precipitation.  Flow
peaks 16.1 days sooner.  Springpeaks 16.1 days sooner.  Spring--summer flow drops by 25%.summer flow drops by 25%.



Conclusions (cont.)Conclusions (cont.)

ØØ Imnaha basin century climate change: +1.7 day temperature, +2.0 Imnaha basin century climate change: +1.7 day temperature, +2.0 
degF night temperature, +0.7 inch (2%) more precipitation.  FlowdegF night temperature, +0.7 inch (2%) more precipitation.  Flow
peaks 0.7 days sooner.  Springpeaks 0.7 days sooner.  Spring--summer flow drops by 11%.summer flow drops by 11%.

ØØ Salmon basin century climate change: +1.4 degF day temperature, Salmon basin century climate change: +1.4 degF day temperature, 
+3.3 degF night temperature, +0.6 inch (2%) more precipitation. +3.3 degF night temperature, +0.6 inch (2%) more precipitation. 
Flow peaks 5.5 days sooner.  SpringFlow peaks 5.5 days sooner.  Spring--summer flow drops by 9%.summer flow drops by 9%.

ØØ White Salmon basin century climate change: +1.2 degF day White Salmon basin century climate change: +1.2 degF day 
temperature, +0.6 degF night temperature, +3.5 inch (6%) more temperature, +0.6 degF night temperature, +3.5 inch (6%) more 
precipitation.  Flow peaks 11.1 days sooner.  Springprecipitation.  Flow peaks 11.1 days sooner.  Spring--summer flow summer flow 
drops by 9%.drops by 9%.

ØØ Clearwater basin century climate change: +0.8 degF day Clearwater basin century climate change: +0.8 degF day 
temperature, +2.3 degF night temperature, +4.0 inch (11%) more temperature, +2.3 degF night temperature, +4.0 inch (11%) more 
precipitation.  Flow peaks 5.6 days sooner.  Springprecipitation.  Flow peaks 5.6 days sooner.  Spring--summer flow summer flow 
drops by 21%.drops by 21%.

ØØ Walla Walla basin century climate change: Flow peaks 16.6 days Walla Walla basin century climate change: Flow peaks 16.6 days 
sooner.  Springsooner.  Spring--summer flow drops by 26%.summer flow drops by 26%.



Conclusions (cont.)Conclusions (cont.)

ØØ Wenatchee basin century climate change: +0.2 degF day Wenatchee basin century climate change: +0.2 degF day 
temperature, +2.8 degF night temperature, +4.5 inch (6.5%) more temperature, +2.8 degF night temperature, +4.5 inch (6.5%) more 
precipitation.  Flow peaks 3.7 days sooner.  Springprecipitation.  Flow peaks 3.7 days sooner.  Spring--summer flow summer flow 
drops by 5%.drops by 5%.

ØØ Methow basin century climate change: +1.6 degF day temperature, Methow basin century climate change: +1.6 degF day temperature, 
+3.5 degF night temperature, +7.0 inch (28%) more precipitation.+3.5 degF night temperature, +7.0 inch (28%) more precipitation.
Flow peaks 1.7 days sooner.  SpringFlow peaks 1.7 days sooner.  Spring--summer flow drops by 3%.summer flow drops by 3%.

ØØ Okanogan basin century climate change: +1.1 degF day Okanogan basin century climate change: +1.1 degF day 
temperature, +4.1 degF night temperature, +3.5 inch (24%) more temperature, +4.1 degF night temperature, +3.5 inch (24%) more 
precipitation.  Flow peaks 5.3 days sooner.  Springprecipitation.  Flow peaks 5.3 days sooner.  Spring--summer flow summer flow 
drops by 8%.drops by 8%.

ØØ Columbia River at Bonneville: springColumbia River at Bonneville: spring--summer flow drops by 10%.summer flow drops by 10%.

ØØ Salmon impactsSalmon impacts——mixed bag for spawning, emergence, and passage.mixed bag for spawning, emergence, and passage.

ØØ Next steps: analyze more (and higher elevation) subNext steps: analyze more (and higher elevation) sub--basins.basins.

ØØ Thanks to David Graves & Jenny Lloyd, CRITFC’s GIS specialists.Thanks to David Graves & Jenny Lloyd, CRITFC’s GIS specialists.


