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_ _ Because the quantitative environmental factors form a high-dimensional data space iIn
NGEE-Arctic will use observations and models to understand how permafrost Cluster analysis of all input data layers, both contemporary and future, was performed which both present and future land cells are located, the Euclidean distance between

degradation in a warming Arctic will affect feedbacks to the climate system. To for k = 5, 10, 20, 100, 200, 500, and 1000. This yields multiple maps of Alaska cells provides a relative measure of representativeness for any site. By picking a single
quantitatively delineate large-scale ecoregions and determine site representativeness in ecoregions for the present and future. Since the same random colors are used for site, like present-day Barrow, maps of “Barrow-ness” for the present and the future can
support of site selection, a statistical clustering methodology, developed by Hargrove present and future maps for every level of division, comparison of the maps broadly be computed, as shown in the first row below. White and light gray locations have
and Hoffman, was applied to the analysis of modeled and observed environmental shows how environmental conditions change. Blue circles identify the cell closest to environmental conditions similar to Barrow, while dark gray to black areas are poorly
conditions for the state of Alaska at a resolution of 2 km2 for the present (2000-2009) the mean conditions of the ecoregion in which it resides. The tables shown below the represented by the enviornmental conditions at Barrow. Similarly, the second row
and a future (2090-2099) decade. The clustering algorithm is diagramed below. 10 and 20 ecoregion maps enumerate the mean environmental conditions for each shows maps of present-day “Council-ness”. The third row contains maps of

Geographic Space pata Space ecoregion, along with the land area and percent land area that ecoregion occupies. representativeness considering both Barrow and Council simultaneously.
Two sets of input map layers for years 2000-2009 and
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543 . af 116.22 (104.45| 97.27| 79.93| 87.26|117.84|143.59|180.24(190.57 [171.66|131.44 [127.59 | -9.49| -8.534| -5.23 0.63]| 6.02]10.43|12.97[11.86| 6.70( -0.69| -6. 30.88| 31.34| 40.96| 91.41]116.02|120.19| 98.30( 74.02| 52.07| 54.13|-15.53|-15.00|-11.00| -4.27| 3.39| 9.06|11.56| 9.54| 3.44| -5.45|-12.15|-15.62
# .
o 3

g 289.16 [252.99 | 247.85 197,16 [ 231.28 |1 323.20 [197.25 | 620.54 [ 156.13 | 155.64| -5.76 | -3.60| -1.01| 3.37| 7.13]|10.68[13.09]12.47| 8.30| 3.27| -2.03| -4.28

2 (17 - 77 -
5.5 7| 37.92| 31.30| 36.44| 47.16| 66.88[104.88| 87.56| 64.50| 47.40| 43.31| -9.09| -9.91| -6.86| -1.79| 5.67|10.83[13.70]|12.68[ 8.10| 0.45| -5.12| -9.48
38.41| 33.61| 38.76| 73.98| 88.27[108.21| 90.41| 66.73| 50.08| 49.88|-11.63|-10.89| -6.70| -0.02| 7.66|12.85|15.33|13.62| 7.86| -0.95| -7.28|-10.70
7 147.65[115.92[117.99 | 180.04 [ 230.19 |272.10 [ 316.48 | 277.78 [ 179.73 | 193.02 | -15.55 |-13.79 [-10.91 | -4.81| -0.37| 4.43| 7.25[ 5.98| 0.26| -6.29[-12.05|-14.93
7
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5| 44.65| 37.71| 39.95| 50.78| 62.71[102.56| 89.53| 68.11| 57.90| 54.71| -1.68| -5.69| -3.07| 1.30| 7.88|12.28[15.17|14.72[10.56| 3.03| -1.52| -4.80
.37 |450.35|402.62 [ 395.44 | 303.11 [ 367.02 [515.63 | 801.19 [ 962.55 | 681.77 [ 733.04 [-12.60 | -9.57| -6.53| -1.00[ 2.34| 6.63| 9.47| 8.50( 3.42| -1.99| -8.25|-11.33

189

9 33.96| 29.76( 2R8.70| 23.27| 26.22| 68.09( 80.47| 95.37| 64.48| 45.19| 40.532| 41.41(-12.88 |-11.15| -5.64 2.79]111.23|16.14]|18.23| 15.89| 9.52| -0.59| -7.49|- 20.82| 20.27( 21.92| 45.32| 63.49| 85.39| 63.21| 43.37| 31.36| 30.05|-22.22|-23.59(-19.82(-11.38| 0.68| 8.92|11.70| 8.53| 0.61]|-11.01|-18.52|-24.21 = = = = =
13 53.84| 42,99 4B8.09| 36.64| 38.70| 58.50( 79.49[125.51| 98.24| 64.46| 61.39| 58.74| -6.31| -6.43| -2.45 2.95| 9.78[14.07]16.56|15.72|11.01 2.44| -1. 18.16| 14.20| 20.34| 48.02] 60.70| 68.74| 52.11| 35.80( 25.74| 23.13]-21.31(-19.20|-13.49| -3.22| 7.14(13.49(15.73(12.40| 4.95| -6.06|-15.92(-21.49 a n a r Ize u C I ea n IS a n Ces I n e a a S ace o r m e ese e n VI ro n m e n a
12 B 35.36 | 73.56] 76.56| 65.44| 67.21| 71.10| 84.47 |134.50 | 141.18 | 117.90|104.23| 06.84] 1.10| 1.07| 0.15| 3.75] 8.80|12.52|15.44[15.30|11.62| 4.73 12.04| 13.32| 10.44] 21.10| 20.60| 48.60| 28.05| 28.04| 20.30| 17.82| 24.78| 27.31| 24.60| 15.54| 3.63| 6.64|11.27| 8.84| 1.47| 0.33| 18.53] 25.52
0 12.16] 33.60] 33.76] 23.30] 15.16] 33.42| 60.50| 50.80] 60.74| 38.87| 40.00] 42.07] -3.84] -5.50| -7.05| -4.24] 3.32] 9.60]13.81|13.39] 9.33] 2.30] -0.42 24 [266.74 | 225.57 | 220.01 | 172,26 | 109.03 | 273.82 | 440.60 | 571.75 | 416.08 | 417.37 | -8.10] -4.05| -2.33| 1.07] 5.85] 9.20]|11.84|11.00] 6.00] 2.05] -4.38] -7.45
mm mm - - - - - - - - - -
Rand| Freeze Day (d) | Thaw Day (d) | GS Length (d)] Max AL |ATs, | MAGT |MAGST| H,, | Thermal |Limnicity |Elevation |Land Area|% Land (d) [ Thaw Day (d) | GS Length (d)] Max AL |ATs, | MAGT |MAGST| Hs, | Thermal |Limnicity|Elevation |Land Area|% Land va rla es p rOVI es a re a Ive m eas u re o SI m I a rI y e Wee n I n IVI u a ca n I a e
Color| mean Ld wean | stdev | mean | stdev | Thick (m)]| (°C) [ALB (°C)| (°C) (m) |Ollset (°C) (%) (111) (kin?) Area v | mean [ stdev | mean | stdev | Thick (m)| (°C) [ALB (°C)| (°C) (m) |Ollset (°C) (%) (111) (kin?) Area
2 273.60| 1.79|113.80| 3.77|150.80| 4.64 0.7d] 2.33 5a5]  -1.50] 155 076 2.07| 35002  25%736] 18.04 3] 94.62] 7.31]194.20] 10.11 056] 1.00 335 3.00] 0.26 074 148] 366.80]  347956] 25.47
6 261.14| 1.60|133.84| 3.31|127.31| 3.10 0.69] 3.38 5.33]  -4.90] 5.66 043 0.44| s74.87| 163224 11.95 11,31 87.53| 15.24|220.14] 25.93 0.34] 0.56 102 Z.49] 0.34 T0.47 231 189.33| 206684 15.13 = = = = = = = =
6 293.75 4.19|110.52 5.72|183.23 0.28 -0.29 1.39 1.24 2.00( 1.11 -0.76 8.55 125.42 162008 11.86 2130.27 3.13]147.23 5.06 0.80| 2.82 -1.63 -1.03[ 1.79 -0.59 1.41 366.10 136872 10.02 sa m I n s Ites o r - rct I C rovl I n c u es I nto t e e nVI ro n m e nta ra Ie nts t at
20 281.10| 2.49|106.04| 4.88|174.05] 6.10 0.73] L.13 086 0.01] 0.27 0.84 1.07| 325.40]  146200] 10.70 10.57| 42.02|201.75| 54.23 0.13] 0.36 5.78 3.02| 0.60 0.14 5.10] 230.01| 124888 0.14 5
5 264.18 1.66|145.97 2.04]118.21 2.38 0.52| 3.99 -6.50 -6.03| 4.00 -0.46 7.73 125.75 129100 9.45 51101.45 R.41|187.43 12.04 -0.48 1.58 1.84 2.29| 5.01 -0.44 0.99 1002.86 83072 6.08
280.99 2.74|106.57 4.98|174.42 6.47 -0.68 2.42 0.88 1.51( 1.38 -0.63 0.76 441.77 125296 9.17 2.74|106.57 4.98|174.42 6.47 -0.68| 2.42 0.88 1.51| 1.38 -0.63 0.76 441.77 81828 5.99 n = = = n u =
271.71|  2.51|120.10| A.51|151.52| 5.2 0.83] 2.31 163]  -1.22] 5.57 0.16 0.40| 1160.28|  115072|  s8.12 19[106.24] 4.88]174.95] 6.10 0.73| L.13 0.86] __-0.01] 0.27 0.1 1.07] 32510 65888 | A1.82
. ! - ! T span the ageodraphic space between them. These relative similarities are shown in the
% i . - \u 288.88 4.35101.45 8.41|187.43 12.04 -0.48 1.58 1.84 2.29( 5.01 -0.44 0.99 1002.86 52192 3.82 ¥ 120.19 4.51|151.52 5.42 0.83| 2.31 -1.68 -1.22| 5.37 -0.46 0.49 1169.28 47624 3.49 u
. - > il B B = = 1000 km g ) .- - il N BN = == 1000 km 3E8.54| 4.88|138.37| 7.45|122.74| 7.91 0.49] 2.27 302| -2.78| 7.26 024 0.12| 1901.42 36576 268 114.25| 18.94]200.46| 32.19 0.37| 1.36 267 312| 0.9 T0.45 350 12121 16128 3.38
sl @ wip & ol ) o el - ) 288.37| .61 |103.32| 6.65|185.05| 9.22 T0.03] 1.46 “0.19 2.10| 0.91 2.28 2.27| 48725 25372 1.86 j| 72.58| 15.67|248.31| 21.96 020 1.02 113 1.39| 5.86 025 0.82|  936.77 12128 3.08 u u u = mg =
278.04| 4.44|115.61| 6.78]163.60| 9.20 0.06] 1.92 -0.24 0.15[13.45 -0.39 0.11| 1534.56 20160 1.48 11052 5.72]183.23| 9.28 -0.29] 1.30 1.24 2.00] 1.11 -0.76 8.55| 125.42 32860 2.41 style Of o Id -fas h I o ned m I Ieage C h a rts be I OW S I m I I a rlt Ies betwee n S Ites fo r t he p rese nt
- - = = = = 287.94 9.85 | 143.04 2.65| 144.90 10.29 0.57| 2.85 -2.30 -1.68| 1.37 -0.62 11.29 61.44 18648 1.36 103.32 6.65 | 185.05 9.22 -0.03 1.46 -0.19 2.10| 0.94 -2.28 2.27 487.25 32972 2.41 ]
Monthly preclpltatlon - July (2000—2009) Monthly preclpltatlon - July (2090—2099) 315.92 9.26| 72.58 15.67|243.34 21.96 -0.20 1.02 4.13 4.39| 5.86 -0.25 0.82 936.77 16548 1.21 : 138.37 7.45|122.74 7.91 0.49| 2.27 -3.02 -2.78| 7.26 -0.24 0.12 1901.42 17244 1.26
200.81| 2.01] 86.49| 7.02|213.32| 8.28 0.27] 138 2.83 3.07|51.71 021 1.21] 50168 11300 1.05 ‘ 315.95 31| 86.77] 17.66|220.18| 26.14 0.20] 0.95 1,08 1.51] 0.80 016 63.11 36.92 16172|  1.21
. = - - - . . - N - 315.05| 10.34| 86.77| 17.66]220.18| 26.14 0.20]_0.95 1.08 1.54| 0.80 70.46 63.41 36.02 10006 0.74 44[115.61] 6.78]163.60| _9.20 0.06] 1.92 024 0.1513.45 0.39 0.11] 1534.56 16184] 1.18 = = =
12 monthly precipitations were used in the anaIyS|s 12 monthly precipitations were used in the anaIyS|s T SR ] Y 1 N 1 N N 30 N . N T 3 < WX 0 LWy RN 73 R Y N ) 1 NP N - N N % 7 1 1 W are shown in the table at lett and those 1or the tuture are shown in the table at r|g t
L] [ ] 13 307.67 11.31| 87.53 15.24|220.14 25.93 -0.34| 0.56 4.02 4.49| 0.34 -0.47 4.31 189.33 4532 0.33 2 273.60 1.79(113.80 3.77]159.80 4.64 0.74| 2.33 -2.35 -1.59| 1.55 -0.76 2.07 359.92 2584 0.19 ]
8 341.31 18.26 | 49.57| 42.02|291.75 54.23 -0.13| 0.36 5.78 5.92] 0.60 -0.14 5.19 230.01 68 0.00 5[ |2(54A18 1.66 | 145.97 2.04118.21 2.38 0.52| 3.99 -6.50 -6.03| 4.00 -0.46 T3 125.75 Does not exist
< Barrow +Barrow 0 323.75| 27.38 | 114.08| 18.04|200.46] 32.10 0.37] 1.36 2.67]  3.12] 0.50 .45 3.50]  121.21]  Doos not exist T[|200.81] 2.04] 86.49] 7.02|213.32] 8.28 027 133 .83 3.07 |51.71 024 T.04] 801.65|  Does not exist
parron _sBanoy - — - - - _— . - Present (2000-2009) Future (2090-2099)
A prudnos 8oy A prudnoosey Environmental conditions of 19 exist only in the future = Environmental conditions of 1 and 5 exist only in the past Toolik Prudhoe Toolik Prudhoe
W=
— : Sites Council Atqasuk Ivotuk Lake Kougarok Bay Fairbanks Sites Council Atqasuk Ivotuk Lake Kougarok Bay Fairbanks
« Toolik Lake
5 Barrow 9.16 4.55 5.91 6.43 8.01 3.58 12.27 Barrow 8.87 4.89 6.88 7.69 8.04 4.18 11.99
. — . . -
e Council 8.70 6.40 7.24 2.29 8.16 5.12 Couneil 8.83 6.93 8.45 2.44 8.24 5.75
' o . —
U AGaSER- o rudhosE Atqasuk 5.18 5.69 7.80 1.75 10.74 Atqasuk 5.87 6.62 8.15 2.30 10.19

N
B
¥
; [
b
X
}
|!
(=]

«Kougarok s

Ivotuk 3.01 5.85 4.48 .03 Ivotuk 3.85 7.27 4.75 7.56

 ouna Toolik Lake 6.77 5.21 8.76 Toolik Lake 8.45 5.93 8.66
- . Kougarok 7.26 5.66 Kougarok 7.89 6.47
._0.8 oo 100 Alaska Ecoregions 100 Alaska Ecoregions Prudhoe Bay 10.47 Prudhoe Bay 9.85
(2000-2009) with DEM (2090-2099) with DEM
— — Random Colors . Random Colors . The relative similarity between sites in the present and in the future is shown below. For
example, present-day conditions at Future (2000-2009) —
™ | ,_ - St Council are more representative of o s beor Cond M Iog L fogel By T
R <. <o » L B Em mE mm om0k Soms s P "l B mE mE mE om0k N %""\ COndltlonS at BarrOW in the fUture Council 8.38 1.67 8.10 5.91 7.56 3.10 7.45 5.44

Atqasuk 6.01 9.33 2.46 5.47 6.36 8.98 2.66 10.20
Ivotuk 7.07 7.18 5.87 1.59 4.26 7.27 4.90 7.52
Toolik Lake 7.46 7.95 6.33 3.17 1.82 7.94 5.56 8.23
Kougarok 7.29 3.05 6.93 5.57 7.13 2.51 6.54 5.82
Prudhoe Bay 2.30 8.80 3.12 4.76 5.95 8.49 2.00 9.89
Fairbanks 12.06 5.59 10.40 7.89 9.03 6.31 10.14 1.96

- Mean active Iayer tthl-(neSS (2000—2009) - Mean active Iayer !th'-(neSS (2090—2099) j?éﬁ; '\f(ut:?:rﬁaiz gz:gﬂlcr@nca';:magzrzﬁggelgg)org) ik : jctJer;edsr; h&ul;t);frn(llakz rgg:giﬁﬁgiznig%rzﬁgglﬁg-)org) i ' th an the present, as su g QEStEd by
Negative = seasonal freezing in absense of permafrost. Negative = seasonal freezing in absense of permafrost. Fichard Tran Mils (tm@utkod) et Fichard Tran Wils (tm@utkod) L -
G e \- - e the 10 ecoregions maps.
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