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Figure 1. The Normalized Difference Vegetation Index (NDVI) is a measure  ;0nped variables (Fie. 6-11)7
of greenness. Data are from AVHRR 1993-1995 (CAVM Team 2003). PP ( g )
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Introduction

The Yamal Peninsula in Russia is §#

- used extensively by local reindeer
,_ (_-_;_u,' herders and is undergoing rapid '_*
@{ resource development. Like much

g 17 -~ &« ofthe Arctic it is also experiencing
-« = rapid changes in climate. A major
- & question facing scientists and local
“ & * . managers is, “How will these
N btk changes affect the patterns of plant
"+« production in the region?” In most

S YDAN, of the Arctic, plant production is
= 4 o stongly related to the amount of

_ . summer warmth available for plant
ULA" growth (Raynolds et al. 2008). We
~ " 1nvestigate two questions here:

. 1. How strongly are the patterns of  gm

2~ plant production on the Yamal (Fig.
= 1) related to summer land surface
| temperatures (Fig. 2)?

2. How strongly is plant production
on the Yamal related to other

Methods

We used the Normalized Difference Vegetation Index (NDVI) to map spatial

Regression analysis

0.70 - patterns of vegetation distribution on the Yamal Peninsula (Fig. 1). NDVI
g\e/;t/\;v(eFeiS Q)D%Iove\l/gg y=0.9%3 %’% 23356 is a measure of relative greenness calculated as: NDVI= (NIR-R)/(NIR+R),
that SWI explained where NIR i1s the spectral reflectance in the near-infrared where reflectance
29% of the variation 0.50 from the plant canopy is dominant, and R is the reflectance in the red portion
o N[BT @ e Ve < 0.40- of the spectrum where chlorophyll absorbs maximally. It is a good indicator
Serfrenle, wihere D a0 of variation in arctic vegetation, increasing with the amount of biomass,
e Ao 2e = ol < = productivity and leaf area index (Shippert et al. 1995, Riedel et al. 2005).
(green line), SWI was 0.20 =0.0T37x 0020 It can be used to distinguish between arctic vegetation types (Hope et al.
much more strongly 0.10 R2 = 0.5814 1993, Stow et al. 1993). The NDVI data for this study came from AVHRR
ol et it O data from 1993 and 1995, using maximum NDVI values (CAVM Team
explaining 58% of th - 0.00 ' ' ' ' 2003). Land surface temperatures were derived from thermal AVHRR bands
e 0 10 20 30 40 50 (Comiso 2003). Summer Warmth Index, the sum of all mean monthly

' SWI temperatures > 0 °C, was calculated for the period of record (1982-2003)
Figure 3. Regression relationship (Raynolds et al. 2008). Other variables used in the analysis are from the

between NDVI and SWI.

Results

Figures 3 and 4 show the results of the regression relationships
between NDVI and SWI, and NDVI and elevation.

Comparison of actual NDVI with predicted NDVI based on SWI/

NDVI relationship for the whole Arctic (Fig. 5) showed less

NDVI than expected (brown areas) for areas with many lakes, -
and more NDVI than expected along coasts and in the
foothills of the Ural Mountains (green areas).

Circumpolar Arctic Vegetation Map (CAVM) project, including GIS data

provided by the Earth Cryosphere Institute in Moscow (Walker 2005). We
analyzed the amount of variation in NDVI that was explained by each of

the variables using linear regression and a general linear model.

Figure 2. Summer Warmth Index (SWI) is the sum of the mean monthly
temperatures > 0 °C. Data are means 1982-2003 (Raynolds et al. 2008).

Regression between
NDVI and elevation
(Fig. 4) showed that
NDVI increased
somewhat with
elevation on the
Yamal Peninsula. In
the Arctic as a whole
(green line), NDVI
decreased slightly
with elevation.
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Figure 4. Regression relationship
between NDVI and elevation.

NDVI compared to Conclusions
expected values based _ . |
on SWI * NDVI on the Yamal Peninsula increases with summer

temperature, but the relationship 1s less strong than for the Arctic

as a whole. This 1s likely to due to a host of factors, including

reindeer grazing, substrate differences between valleys and uplands,
and the physiognomic boundary associated with the Ural
Mountains 1n the southwestern portion of the map.

T O * Contrary to global patterns, NDVI on the Yamal

increases slightly with elevation. The range of

N .
A General Linear Model (Table 1) showed that elevation | I >+03 elevations is very small, as most of the Yamal is
and landscape together accounted for 49% of the | below 60 m. The trend is partially due to the fact
variance in NDVI. Substrate (peat, clay or sand), 0 - that the highest elevations are in the warmer south.
vegetation mapping unit, SWI and percent lake cover | ; e
were also significant, but less. SO. Tpgether, these factors . EEE A 4 * River drainages had higher NDVI than upland areas, with
accounted for 62% of the variance in NDVI on the Yamal - . | »  different landscape type and substrate texture. Uplands have
b ) - u | i . . .
Peninsula. - 7 . sandy, nutrient-poor soils whereas the valleys have finer-grained
Calls | U soils.
Table 1. Results from General Linear Model analysis of NDVI , veg}ertla?fgﬁss?;ﬁg tﬁlriny lakes, the low NDVI value of the water masks the
Figure 5 :
Residual | Residual | % Deviance References
Deviance Df Deviance accounted for Slg nificance CAVM Team. 2003. Circumpolar Arctic Vegetation Map, scale temporal heterogeneity of vegetation properties among four
1:7 500 000, Conservation of Arctic Flora and Fauna (CAFF, dra plant ities at Ivotuk, Alaska, U.S.A. Arctic,
Null 280 2.06516 Map No. 1. Anchorage,tAlasl{a: gtS IE l1'lsh and W}ldlife lgerviclz(é hztélu;?tarzigcagn;(;lnl})z};en }steZVCZOW:bZSfSS . ) ; t
i Comiso, J. C. 2003. Warming tr in the Arcti Shippert, M. M., W: ,D.ALA ,N.A., Lewis, B.
Elevation 0.60322 279 1.46194 29.21 < 0.000000 ACkﬂOWledgementS Olsgltz(l)lite obsewatior?;mj;lzin;;l 0; g}imgte rlc6lzc3igg}3c5?(l)r. Y 11153}316995. Biomassaanfirleaf—area ilrllfirexarcnaps derivaer(ll frofr\l)véSPOT
Landsa pe 040732 278 1.05462 19.72 < (0.000000 University of Alaska International Polar Hoge,tA. S"tlﬁimb?(u{ J. 3., and SttO\iv, %At 1993. The rr?ationsglip il)nallge;for Ts(%llik 112:171(6; gzld Imnavait Creek areas, Alaska.
etween tussock tundra spectral reflectance properties, an: olar Record 31: 147-154.
Substrate 0.10083 277 0.95380 4.88 < 0.000000 Year (IPY) graduate fellowship through the biomass and vegetation C(I))mposition. [nternart)iogal Journal of Stov}zl, D. A., Hope, fA S., and george, T. H. 1f993. Reélectance
: - i i i Remote Sensing 14: 1861-1874. teristi tic t tati i
Vegetation unit | 0.08868 | 276 0.86512 4.29 0.000004 | | (gaperative Inatitute for Arete Researon | e ke, DA and Maier A, 2006 NDVI  abanen. Inomaront oo 5 ot v, 151239
SWi 0.03856 275 0.82655 1.87 0.000112 cooperative agreement NA17RJ1224 with %atter;lsgnd phytomass dlstnbutlon in the circumpolar Arctic. 1244. ' '
. . emote Sensing of Environment 102: 271-281. Walker, D. A., Raynolds, M. K., Daniels, F. J. A., Einarsson, E.,
aKe area . . . . : Raynolds, M. K., Comiso, J. C., Walker, D. A., and Verbyla, D. Elvebakk, A., Gould, W. A., Katenin, A. E., Kholod, S.
- 005245 | 214 | 079410 157 0.000934 | e ey e e oy s e e g O e i i
. Relationship between satellite-derived land surface ., Markon, C. J., Melnikov, E. S., Moskalenko, N. G.,
TOTAL 61 55 NASA Land-Cover and Land-Use Change temperatures, arctlfc vegetation types, and NDVI. Remote Talbot, S. S., Yurtsev, B. A., and CAVM Team 2005. The
LCLUC) arant NNG5GEQOOA Sensing of Environment 112: 1884-1894 Circumpolar Arctic Vegetation Map. Journal of Vegetation
( )9 Riedel, S. M., Epstein, H. E., Walker, D. A., Richardson, D. L Science 16: 267-282
Caléf, ‘M. f’., Edwar’ds,.E..j ., and l\/ioo.dy,.z&., 2005. Spe;tiai ar.l,d . ‘
Elevation (m) P ‘ % Lake cover .ﬁe
oo | <«
I -2 ? : - (”}ﬂ .
B 20- 30 .f . <
B 30-40 “a y “ sy QS X“i : -
[ 40-50 b k .y Vegetation
|:| 50 - 60 ‘l . . Rushfgrass, cryptogam tundra
[:l 8070 ’ iy ’ 4 - ;rastrateddwarf-tsh;ubt_whe: 1:ndt:am ”w
= ;::I}-x Mon-tussock sedge, dwarf-shrub tundra

Figure 6. Elevation

Figure

High plains, erosional i 4 3- Peat i - Sedge, moss, low-shrub wetland
i _i Foothills ) # ‘ Clay ! - Mon-carbonate mountain complex
B Mountains Sand ' v B Carbonate mountain complex
B e B Other | S
7. Landscape Figure 8. Substrate Figure 9. Vegetation units

Landscape

| - Low plains, marine deposits ‘*b
Low plains, alluvial & lacustrine F_...
1 High plains, fluvial & lacustrine e ‘_ 'Dominant substrate i

W Erect dwart-shub tundra

S - Low-shrub tundra

Sedge/grass, moss wetland

Bl Sedge, moss dwarf-shrub wetland

. ;-.. "
Figure 10. SWI

.
L

Figure 11. Percent Lake éover




