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ABR  worked with the Na tiona l Pa rk S ervice to produce a ccura te a nd deta iled m odels of snow cover within the ra nge of
the W estern Arctic Ca rib ou Herd, to provide im porta nt context to help understa nd m ovem ent pa tterns a nd tim ing of
ca rib ou m igra tions. S now depth influences ca rib ou winter distrib ution a nd ha b ita t a va ila b ility b y im pa cting the costs of
locom otion a nd cra tering for fora ge pla nts a nd lichens. S now depth pa tterns on the la ndsca pe a lso influence pla nt
com m unities, a ffecting the distrib ution of preferred fora ge species. Physica l m odeling techniques (e.g. Liston a nd
Hiem stra  2011) a nd rem ote sensing m ethods (e.g. Ha ll et a l. 2001, Brodzik et a l. 2007) ha ve b een used to provide
inform a tion on snow cover a nd snow depth da ta  a t da ily to weekly tim esca les, a nd a t spa tia l resolutions of 500–25,000
m . However, m uch of the va ria b ility in snow cover ha ppens a t m uch finer spa tia l sca les, pa rticula rly for m ounta in a nd
tundra  snowpa cks (S turm  1995). To help cha ra cterize winter a nd spring ha b ita t conditions rela ted to snow depth for the
W estern Arctic Ca rib ou Herd, we used a  com b ina tion of im a ge interpreta tion a nd sta tistica l m odeling to describ e
pa tterns of snow persistence on the la ndsca pe a t fine spa tia l resolution (30-m  pixels). To a ccom plish this we com piled
a nd a na lyzed a n extensive tim e series of over 10,000 La ndsa t im a ges (1985–2011) tha t covered the ca rib ou ra nge.
Methods
A terra in sha dow m a p wa s genera ted for ea ch La ndsa t tile b a sed on the sola r a zim uth a nd zenith from  the scene
m eta da ta , com b ined with a  hillsha de a nd illum ina tion m odel using the AS TER  G-DEM2 (a  product of METI a nd NAS A).
The S nowm a p a lgorithm  wa s a pplied to the cloud-free pixels for ea ch tile (the da rk reflecta nce tests were skipped for
m odeled sha dow pixels). The snow sta te a nd julia n da te were extra cted for every cloud-free pixel in the tim e-series
sta ck a nd a  b ina ry cla ssifica tion tree selected the julia n da te tha t b est sepa ra ted the snow-covered from  the snow-free
da y of yea r. The results from  the La ndsa t snow-free da te a lgorithm  were com pa red to long-term  a vera ge snowm elt
da tes from  S NOTEL sites in the study a rea .
S elected La ndsa t Inputs S now R egim e R esults

V a lida tion S a m ple S ize

S hell Explora tion a nd Production Ala ska  a nd ABR , Inc. a re eva lua ting environm enta l issues a ssocia ted with potentia l pipeline corridors for
tra nsporting oil a nd ga s from  offshore prospects in the Chukchi S ea  to the Tra ns-Ala ska  Pipeline S ystem  (TAPS ). Broa d sca le vegeta tion a nd
ha b ita t a ssessm ent work, including ca tegorica l ha b ita t type m a pping, is b eing conducted. W ildlife ha b ita ts a re not sta tic, however, a nd they
cha nge over tim e in two prim a ry wa ys tha t a re im porta nt to understa nding a nd cha ra cterizing wildlife use. The first ha b ita t cha nge dyna m ic is
sea sona l cha nges, which a re pronounced during the short growing sea son. The second im porta nt ha b ita t cha nge dyna m ic is la ndsca pe
cha nge, which ca n b e punctua ted or gra dua l, occurring over a  period of yea rs to deca des.
S evera l studies of coa rse-resolution sa tellite im a ges ha ve ob served widesprea d increa ses in vegeta tion greenness since the 1980s (e.g.,
Myneni et a l. 1997). Ground studies a nd repea t photogra phy ha ve identified shrub  expa nsion a s one m a jor m echa nism  of la ndsca pe
greening (e.g., Ta pe 2006), though gra m inoid expa nsion could b e m ore im porta nt a t colder sites (Elm endorf 2012). Gra dua l a nd a b rupt
cha nges in vegeta tion a ffect wildlife use a nd will continue to a ffect wildlife ha b ita ts in the future.

Linea r regression using the La ndsa t tim e-series identified widesprea d significa nt spectra l cha nge: 19,516 squa re kilom eters, or 31.4%
of the study a rea , experienced a  significa nt increa se in NDV I (p<0.05). 677 squa re kilom eters (1.2% of the study a rea ) experienced a
significa nt decrea se in NDV I. W idesprea d decrea ses were seen only in a rea s tha t did not ha ve La ndsa t im a gery in the 1980s or ea rly
1990s. S m a ller a rea s with decrea sing NDV I were sites of erosion or other disturb a nce.
NDV I increa ses covered virtua lly the entire study a rea  b a sed on the GIMMS 3g da ta . The pa tterns of increa se b etween the U S GS
AV HR R  NDV I a nd La ndsa t NDV I were very sim ila r.
The finer spa tia l resolution of the La ndsa t a na lysis a llowed us to ta rget vegeta tion sa m pling in individua l pa tches of vegeta tion
experiencing greening a nd im proves our a b ility to expla in m echa nism s of la ndsca pe cha nge. Line point intercept sa m pling of
vegeta tion cover a nd structure over 110-m  dia m eter plots wa s conducted during sum m er 2012. V isib le a nd nea r-infra red field spectra

Methods
W e a re cha ra cterizing la ndsca pe cha nge a t a  rela tively fine, 30-m  resolution using da ta  from  b oth
sa tellite im a gery tim e-series a nd system a tic field sa m pling of vegeta tion structure, com position, a nd
spectra . W e a ssessed NDV I trends over the 1985–2011 tim e period for a  56,984 squa re kilom eter
study a rea  including the Arctic Coa sta l Pla in a nd Brooks R a nge Foothills. La ndsa t scenes from  pea k
sum m er (July 15-August 21) for ea ch a va ila b le yea r were ca lib ra ted to surfa ce reflecta nce, clea red of
sha dows a nd clouds using a  com b ina tion of a utom a ted a lgorithm s a nd m a nua l delinea tion, then
com posited b a sed on a cquisition da te, with scenes closest to August 1 preferred. Linea r regression
wa s a pplied to ca lcula te the slope of NDV I cha nge for pixels with a  significa nt (pp ≤ 0.05) trend.
Da ta  from  two coa rse-resolution AV HR R  tim e-series covering the study a rea  were a na lyzed to a ssess
the phenologica l tim ing of the La ndsa t scenes used for the fine-sca le cha nge a na lysis. In a ddition, the
NDV I trend wa s a ssessed using m a xim um  va lue a nnua l com posites of ea ch AV HR R  tim e-series. The
new Glob a l Inventory Modeling a nd Ma pping S tudies 3rd genera tion (GIMMS 3g) covers 1981–2010
with circum a rctic extent a t 12.4 km  resolution (Pinzon 2007). The U S GS  ha s produced a  1-km  tim e-
series covering Ala ska  from  1990–present (http://ivm .cr.usgs.gov/index.php).

Phenology R esults

The July 15–August 21 window used for the La ndsa t com posites m ostly fa lls within the period of
pea k phenology during ea ch yea r. The occa siona l m id-sum m er dips in the U S GS  AV HR R  a re m ost
likely ca used b y cloud conta m ina tion.

For the full study a rea , there is a  greening trend
in b oth the GIMMS 3g a nd U S GS  AV HR R  tim e-
series with a  m uch stronger trend in the
GIMMS 3g. Much of this m a y b e due to wha t
a ppea rs to b e a n a rtifica l increa se in GIMMS 3g
NDV I for 2001–present.
The longer tim e period of the GIMMS 3g da ta
does a llow a n a ssessm ent of how the ea rly
La ndsa t da ta  fit into the long-term  greenness
trend. 1985 a nd 1986 represent two of the three
lowest a nnua l NDV I va lues in the GIMMS 3g
tim e-series. 1992 ha s the lowest va lue in the
U S GS  tim e-series a nd the fourth lowest va lue in
the longer GIMMS 3g tim e-series. S ince 1985,
1986 a nd 1992 ha ppen to b e the yea rs tha t a re
m a jor contrib utors to the 1985–1992 portion of
the La ndsa t tim e-series, their som ewha t lower
tha n a vera ge greenness va lues com pa red to
other yea rs in tha t tim e period m a y a ffect the
long-term  La ndsa t trend results, b ut the overa ll
increa se in NDV I va lues for the study a rea  is
well supported.
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Mecha nism s of La ndsca pe Cha nge

Conclusions
The La ndsa t a rchive is a  very va lua b le a sset for cha ra cterizing sea sona l ha b ita t phenology a nd
la ndsca pe cha nges tha t a ffect wildlife ha b ita ts. The irregula r a cquisition schedule in the Ala ska n
a rchive present cha llenges, b ut utilizing a ll scenes with useful inform a tion a nd perform ing
preprocessing including ca lib ra tion, cloud-screenign a nd tiling a llows the tim e-series products to b e
used for m a ny different a pplica tions.
The snow regim e a na lysis results will b e used to cha ra cterize winter ha b ita t conditions for ca rib ou
a nd ca n a lso b e used to cha ra cterize sub grid heterogeneity for snow cover in clim a te m odels a nd
for m onitoring with coa rser spa tia l resolution sa tellite im a gery.
The La ndsa t tim e-series la ndsca pe cha nge a na lysis wa s successful a t identifying b oth a b rupt a nd
gra dua l tra nsitions. Ongoing a na lysis of the in situ vegeta tion cover a nd structure da ta  a nd field
spectra , supported b y a na lysis of high-resolution (0.1–2.5 m  pixels) photogra phy a nd sa tellite
im a gery will qua ntify the vegeta tion cha nges a ssocia ted with ob served spectra l trends.
U ndersta nding the spa tia l distrib ution a nd extent, a nd the m echa nism s of la ndsca pe cha nge in
northen Ala ska  will a id in susta ina b le developm ent of resources a nd infra structure.

The ha b ita t a ssessm ent a nd la ndsca pe cha nge a na lysis a re supported b y Olgoonik Fa irwea ther
a nd S hell Explora tion & Production Com pa ny. W eston Howe with Olgoonik a nd Erling W estlien with
S hell provided logistica l a nd scientific support, respectively. Kyle Joly a nd the Na tiona l Pa rk S ervice
supported the snow regim e a na lysis. Chris S wingley with ABR  provides inva lua b le scientific
progra m m ing support for these efforts.
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 Letters correspond to loca tions on La ndsa t NDV I trend m a p a b ove. Cya n squa res indica te ground plot a nd photo loca tions.


