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Abstract The Amclic coastal plain of Alasks s charamienzed by marked heterogeneily in misrolopography and
anowa ground vegelation productivity at a vasiety of scales. This heterogeneity may be capected Do lead to lga
vanations in near surtace soil moisiure and have o substantiol mpact an measured and madelad Nuses of carbon
and wator. In this study, we hypathesized that microlepography was the primany eentrol over the apatial patterns
of near surlace sail mowsture, Noor suelface soll moisioe measuremeants were collected in the aummers of 20040,
2001, 2002 and 2003 in the fatch of an addy Tug tower (0.5 km®). Results confirmed the expected relatiorship
belwesn intra- and intarseasonal varations in near surfsce soil moisture and varations in procipilation,
Howewer, cver two lime perods, near surace soil moisture increased without coresponding maasurad
prenipilation inputs and this was atiributed to fog and dew. which ang difficull fo messuee, ancéor the melling of
{he active layer. Spatialvariations in near surface soil moistere ang laigely contralled by micietopography in areas
charactenzed by high centered polygons and roughs, In argas without large varations in microlopography,
macrotopography, in the form of drained thae lakes, has s substantial contol aver near suface sci melsture.
Keywords Arclic; miciolopegraphy; permaliost; permatoat featurse: sudace soil moisturs

Introduction
Warming in northern, high latiinde ecosystems is expecied to affect regional climate
patlerns, 1he surlface energy balance, the depth of the sctive layer (the near surlace layer of
soil or carth materials above the permafrost that experiences scasonal freceing and thawing)
and hydrolopic processes (Kane ef all 1991, 1992, Gates et al. 1992; Hinzman and Kane
1997a; Waelbrock er al. 1997). Global circulation models predicl imean global emperatre
to increase 1.3-2.3°C with a doubling of atmespheric COh, but the most sipnilicant
temperature increases are expected Lo ocour al high Tatitudes (Manabe and Stoulfer 19493,
Meell of of, 1993 Kattenbera er af. 1996). Evidence Irom thermal profiles of permafivost and
meteoralogical records indicates that an increase in lemperalure of 2—4%C over the last few
decades has already occurred throughout northern Alasks, weslern Canada and the Siberian
Aretic (Chapman and Walsh 1993; Oechel ef af. 19937 Overpeck et all 1997 Sereze ef of,
20004, These changes eould poentially alwer the surface energy and carbon balance in Arctic
ecosystems (Chapin er al. 20007,

In order o improve seientific understanding ol lhe drivers and processes influencing
change in Arctic tundra landscapes, the National Science Foundation (NSF) Arctic System
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Science {ARCSS) Land Atmosphere Tee Interactions {LATL research program was initiated.
The primury rescarch objectives of the LALL project, Arctic Transitions in the Land
Almosphere. System (ATLAS), were 1) 1o determine the peopraphical pateens of and
controls over the atmosphere land surface exchanges of mass and epergy in order o 2)
guantily patterns and processes and 1o develop reasonable scenarios of future change in the
Aretic system. The rescarch in this study was conducied as part of the larger ATLAS project
and was intended to improve understanding of local scale (= 1km®) variability in near
surface soil moisture, a significant conbrol over carbon, water and energy exchanpe.
Understanding the controls over the spatial distribution of near surface soil moistuee would
Facilitate modeling carbon and energy fluxes by allowing [or o mone realistic representalion
of this variable than & single mean value (Wetzel and Chang 1987; Famiglictti and Wood
1994 Barilett or al. 20H02).

Soil moisture is a key variable alfecling the surfuce energy baluoce and carbon cyele in
Arctic ecosystems (Chapin er e, 2000; Clein et ef. 2000; MoGuire eral, 2000, Variations in
soil molsture influence the partitioning ol the incoming solar radialion into latent, sensible
and ground heal Jux (Hingman and Kane 194920; MceFadden ef af, 1998), Soil moisture also
influcnees decomposition and pholosynthesis rates, which may alter the carbon sink or
source nature of Arclic coosystems (Oberbaver et af. 1991; Oechel ef af. 1993 Vourlitis and
Cechel 1999: MoGuire ef al. 20003 1o the Alaskan Arctic coastal plain where non-vascular
vegelation (mosses and lichens) is abundant, the soil moisture al or near he sorface
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important because mosses lack rools or their functional cquivalents o exlrcl subsurface
water {Dechel and Sveinhjornsson 1978} Non-vascolar vepelation contribules signilicantly
1o production, biomass and cover in these ceosystoms (Webber 1974, 1978 Oechel and
Sveinbjornssen 1978; Rastorfer 1978) while representing up 1o 75% of the evaporation [rom
the surface (Miller ef @l 19760, Because carbon dioxide assimilalion and evaporation sates
from non-vascular vegetalion are strongly controlled by moisture content (Williams and
Flanagan 1990; Occhel and Sveinbjornsson 1978), near surlace soil moisture can have 2
large impact on the carbon and enerey exchange {rom Arclic coastal plain ecosysiems,

One of the major features in the Alaskan Arclic coustal plain s the presence of
permafrast, or perennially frozen ground. Permalrost forms an impervioos layer that limits
the vertical redistribution of soil waler into a deeper soil luyer. This causes a perched water
table to develop, which in combination with scasonal variations in the depth ol active Taver,
precipitation, waler inputs From melting jee, evapolranspiralion rales and the lateral
redistribution of waler, affects lemporal varations io soil moisture (Hinkel ef all 1996,
2007y, Additionally, permafrost has a pronounced effcel on the spatial variation i soil
moisture due o the patterned ground that develops in response 1o the freceing and cracking
of soil and ice into the formation of regularty spaced ice wedge polvgons (Tiesaen 1978) In
general, polygons can be classified into two lypes, low and high centered (Hussey and
Michelson [966). Low-centered polygons are fealures in which the pelygon cenler is
enclosed by peripheral ridges, while high-centered polygons are features where the polygon
center is a mound outlined by troughs (Hossey and Michelson 19663 The resulting
microrelief Trom polygon formation leads 1o varialions in soil moisture aod vegetation thal
can be of considerable ecological significance (Wigging 1951).

Small area (Tor this study, areas less than 1 km™ heterogeneity, in particular soil moistun:
heterogeneity, could lead 1o large uncertainty in modeled estimates of carhon and coergy
fuxes due e the non-linearicy of the processes involved (Wood 1994, 1997 Sellers & al,
1997 Ostendor] ¢ ef, 20010 Heteropeneity in soil moisture often ocears ab spatial scales
below the prid size of most hydrologic or hydro-ecophysiological models. A number of
different approaches have been developed for mid-latitude ecosystems 1o represent sub-grid
scale belerogeneity, including steatification of the landscape into units thal represent varving



degrees of wetness and statistical dynamical approaches (e.p. Weteel and Chang 1987,
Beven and Kirkby 1979 Famigliett and Wood 1994, Bell et gl 1990), However, litile or no
research has been directed at understanding and representing small-aren soil moisture
heterogeneity in Arctic landscapes (Chapin et af. 2000,

Research objectives

A lime series of near surface soil moisture dala bas been collected by LA ATLAS scientisls
along seven, A00 M long, permanent teansects within the feteh of an eddy lox tower, The
sampling scheme was developed [or mulliple objectives as part of the lorger LAIT ATLAS
project and was based on an assumption that the sampled data woulkl be representative of the
near surface soil moisture across the colice fetch of the eddy Mux tower, an arca
approximately 005 km® (Hope er al. 1995}, Therelore, the initial objective of this study was Lo
determine if the soil moisture distribution measured along the parmanent transects wis
significantly different from the distribution of sail moisture measured across the entire sludy
area; A second goal was o determine the spatial and temporal variability in near surlace soil
moisture over o lour year period and to determine the relative control of precipitation and
microlopography on this variability. While variations in cvapolranspiration may afTect
temporal and spatial patterns in near surface soil moisture, we hypothesized that
precipitation was the major influence on the lemporal variability in oear surlace soil moisture
and microtopography was the primary control over the spalial pallerns of near surlace soil
s,

Study area

The study site is localed on the Arctic coastal plain near Barrow, Alaska (71719'N,
156°37W) and covers approximately (1.3 ki {Fig. 1}, The site is parl of a larger LAII
ATLAS project and encompasscs the feteh of an eddy lux 1ower. Vegetation in the study
aren is mesic wndra dominated by the herbaceous sedpes Cearex aquatitis and Eriophorim
sefhenhizerd, the mosl common vascular vegelalion lypes within the Barrow region (Brown
et af. 19800 The depth of the underlyving layers of moss, lichen and organic malter varics
substantially across the study area, from non-existent at the tops of high-centered polygons 1o
approximately 200mm in depth within the wel, polygon froughs. The two soil types in the
study aren are Tepie Agrdnerbels and Typic Molfiturbels {Bockheim et al. 1999, Michaclson
anc Ping 20037, Mean annual lemaperature is approximately — 13°%C (Walker ez al. 19807 and
average swmmer lemperature (June—aogost) is 2.5°C (Brown et ol 1968), MMean warm
period 15 | June o 31 Auvpust, precipitation s approximately 57.7 mm (NCDC 2004),
Frequent fog and drivele occur in tbe study area (Walker and Acevedo 19875 duc o its close
proximily to the Arclic Ocean {approximately 0.5 km}.
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The entire study area is underlain with permairost thal has o seasonal depth of thaw
(active layer deplh} ranging from 30—90cm in thickness (Hinkel er al. 1996, 2003y, The
study area containg o variety of the macrotopographic {eaturcs including portions of three
drained thaw lakes of varying ages and a fal upland area thal Tails to show evidence of thaw
lake activity (Hussey and Michelson 1966). This macrotopography leads 10 dilTerences in
relative topographic position within the landscape, because the upland area is approximatcely
3=5m higher in elevation than the thaw lakes. Differences in the ages of the thaw Likes, from
recent 1o ancient as mapped by Hussey and Michelson (1966), led to variability in the
microtopography within the stdy arca (Hinkel e o, 20031, The easiern portion of the study
ared conlains remnants of a recently drained thaw lake which has aress without pelyaonal
Features (i.e. featurelessy and fat-cenlered polygons, Flat-centered polyzons are indistingt
ice-wedge leaturcs with little microrelicl (leas than €.25 m) that are found in medium and old
drained thaw lake basins as described by Hinkel ¢f af. (2003). In the southemn portion of the
study area, there is o shoreling of an ancient thaw lake, which leads (o substantial
microtopoegraphy characterized by high-centered polygons outlined by troughs (Huossey and
Michelson 1966), The northern and western sections of (he study arca include o portion ol a
recently drained thaw lake and its shoreline which contains a combination of featureless, fat-
centered polygons, troughs and other microsite types, In peneral, the slopes between the
drained thaw lakes and the Aat-upland area ane genle, There are a few steeper slopes on the
edges of high-ventered polygons that occur over shor distances (i.e. a few meters), Overall,
the range in elevalion across the study area is 5.5 m over o distance ol approximately 800 m,

Data

Soil moistura

Seil moisture data were collected using a1 Vitel™ probe (Model: Hydra soil moisture probi,
Witel Inc., WA, USA) which measures 1he diclectric resistance in the first 7om of the soil
horizon. The soil moisture probe was calibrated using 175 diclectric resistances covering a
range of water content values including 25 samples of water and 25 samples of oven-dried
soil (Fig. 2), The remaining 125 samples were collected from a variely of landseape 1ypes to
b representative of the landseape in the Barrow region. These samples were collected in the
top Tem of the soil surface incorporating both the organic and mincral horizons, Yolumelric

100 4

E ad
=
1H]
E
8 B0
3
Lo
= ap- - tundra soils
2 ® water
n °  oven dried soils
E 20 - — equation
=

o T T T T 1

a 20 a0 G0 B0 104

Real dielectric conslant
Figure 2 Scollorplut of the relationship butween percent volumetne water contant aned dioloctric constant, with
a ourve represenling the non-finear calilvilion oquaticn developed from all 175 water ane soil samples



water contents (VWO ranged [rom 16-%7% (Fig. 23, Following the approach described by
Zamolodehikoy et af. (20033, a third-order polynomial regression equation was derived to
relate VWO Lo the real dielectric constmt and yielded the following expression:

VWO = —2.50 + 2.508E — 0.03634E7 4 0,0002394£
i1
# =095, SE=68%, n= 175

where VW s volumetric soil moisture (%3 and £ 15 the meal dielectric constant,

Near surlace soil moisture was measured Guring the sunvmer growing sensons of 200K,
2001, 2002 and 2003, The LAL ATLAS sampling scheme consisted of measurements along
seven permanent transects radiating away [rom the eddy Nlux tower in seven directions from
{7 1o 2707 al 43% intervals (e, 07, 437, 007, 135°, 1807, 2357 and 2707 Along cach 400m
transect, 27 flagged points were located 10 m apar feom G200 m, 200m apart from 200
300 m and 30 m apart Trom 300-400m For a total of 189 measurements locations within the
toweer letch,

The Magped points were peo-located using & real-lme, differentinlly comected global
positioning system (GFS) with sub-meler sceuraey (Model: Trimble 3700, Trimble Lne., CA,
USA), Measurements of soil moisture along the seven transeels were made on six dates in
2000 (Julian days 174, 182, 191, 197, 204 and 212), seven dates in 2000 (Julian days 171,
[74, 2002, 206, 213, 226 and 234), eight dates in 2002 (Julian days 179, 186, 193, 202, 208,
216, 230 and 2387 anc nine dates in 2003 (Julian days 170, 176, 191, 200, 205, 212, 2149, 227
and 2333 Al each point along the seven transcels, three individoal measorements were macde
within a 20em” circle and then averaged. In general, the range of the three individual
measurements was within the standard crror of the culibration equation (Eq. (1).

A second set of near surfuce soil moislure dala was collected by intensively sampling the
entire study area (n = 7517 over a three day period from 30 July to | August 2003, This
imtensively sampled daa sel was collected 1o represent the distribution of near surface soil
maoisture across the entire study area, Bach ol the intensively sampled, near surface soil
moislure points were geo-located using a differentially cormected GPS with <25 m accuracy.
The intensively sampled data collection coincided with measurements al all 189 Qagged
points along the seven permanent transects on 30 July 2003 (lulian day 2113,

Microtopography

Avcuch ol the 189 flagped transect points the Jocal microsite type was characlerized in June
1998 (Walker, unpublished data), The 159 microsite types woere deseribed as [ollows:
troughs (24, low-centered ice wedge polygons (2), depressions (4), high-cenlered e wedge
pedyzons (32, Mal-centered ice wedge polygons (34), fealureless (89 (sites thal did pot have
polygon leatures) and other (4) frost scar (1), animal den (1) and hommock (2 We
combined depressions, low-centered polygons and troughs inle a single calepory labelad

“trowghs’ and did not consider “other™ in oour comparisons, The resulting  Tour

microloposraphic catcgorics were: roughs (300, high-centered polypons (323, Aat-centered
peldygons (34 and fealurcless (89,

Meteorological data

Precipitation data used in this study were oblained [Pom the Xational Climate Datp Center al
the W, Wiley Airport, localed approximately 5 km from the study site in Barrow, Previous
stuclies have indicated thal precipitation data in the Barrow region is sipnificantly under-
recorded by the standard Mulional Weather Service non-recording gauge (2032 mm orifice)
(Dingman ef of. 1980; Benson 1982 Yang ef ol 1998). Undercatch is due o lhe Jarge
percentage of low inlensily precipitation, welting and cvaporation losses, and wind-induced
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errors caused by the wind field defornmation cver the pauge orifice (Dingman er al. 1981
Yang ef al 19983 Therefore, the warm season precipilation dala used in this study were
adjusted. Trace events recorded al the weather station were estimated to be 0,10 mm and all
measured precipitation events were mulliplied by a correction factor of 1.2 Tor rain based on
Yang ef af. (1998).

Relative hwmidity and pround heat flux measurements were collected at the eddy Qux
tower at 30 min intervals, Relalive bumidity was measured using a moisture sensor (Vaisalia,
HMP45A) and ground heat Qux was measured using two soil heat fos plaes (HIFT-1, REBS,
Seattle, WA, USA)Y. Measurements were sampled every 5=, quality checked and recorded as
A0 min averapes,

Results and discussion

Test of the LA ATLAS sampling dosign

A time series of pear surlace soil moistore data were collected along seven permane
lransects as part of the LA ATLAS project. [ was assumed that the distribution of near
surface soil moisture values measured plong these transeets was represeolative of the entire
(.5 km* study area. This assumption was lested by comparing the disteibution of near surlace
soi] moisture collected along the seven permancol ransects Lo the intensively sampled data
sel, The means, standard deviations and hislogram shapes of the two distribulions were
similar (Table 1) (Fig. 3a, b)) Both samples were positively skewed and had a negative
lcurtosis indicating light tailed distributions {Table 1) The bypotheses thal the vadance and
means of the distribulions between the two data sets were nol signilicantly different were
tested, The varinnces were compared using Levenes statistic Tor homogeneily o varianoe
and e means were compared using sn independent sample -lest (Morgan and Gricgo
1998), Results indicaled that both the variance and means of 1he distributions were nol
significantly different at the (.05 level. Therelore, it was assumed that the distribution of near
surlace soil moisture measured along the seven [ixed ransects was representative of the
distribution of near surlace s0il moisture across the entive study area,

Near surface soil moisture temporal variability

Baoth inter- and intra-anoual variability in near surface soil meisture values wene examined,
The annual averape near surface soil moisture values were comprised of all measured valucs
over a year, Inter-anoual dilferences in average near surface soil moislure were nol large
(= 108 and did not Ffollow variations in lolal warm season precipitation. Despile large
varations in wartl seasol precipiation (=46 mm), the annual average near surface soil
modsture was relatively stable, This may be expected since feedbacks due 1o drainage and
evapotranspiration modulate near surface soil moislure values,

Table 1 Descripive stalistics far (be intensively samplad near surtace soil maisture data set asd the July 30,
2003 near surf oo soil meslore data sl consisting of all chasrations at the 189 flagged points alang the sewen

pemananl transects

Avg.  Min. Max. St doviation SKEWnass Hurtosis
Sample n {5} (i (%) {3u) Stalistic  Std, error Statistic  Std. arror
Parmanent 169 B3 14 83 15.8 0,048 QNFF 0851 0362
transacls
Intorsively TH1 {EW i a7 7.4 0,25% {.089 — 0621 L.17s
samplel




20 tal

10

o 1 i i Rl Hilif e 1l e
B0 160 260 350 450 6O 660 750 B50
100 2000 300 400 5000 60.0 TF0.0 BO.O

Volumetric walter content (%)

09ty
a0
30

201

10

UE.D 1.0 2650 350 450 650 B50 750 850
0.0 200 200 400 &0 600 TF0OO0 800
Yolumetric water content {35
Figure 3 Histograms of the sveraged nest surfacs soil meisture messurements made at (a) the 189 points
along the seven permanant fransects and {0 the P54 painls from the intensely zampled data measured
lhroughout the entire study area

Intra-seasonal variafions in near surlace soil moisture (averages from all 189 Magged
points) and daily precipitation are given lor all four wears (Fig. dia—d)), [n 2000 the
precipitation patlern was the most evenly distributed throughout the warm season (Fig, 4(a)),
while 20611 was dry in the early season with an increase in precipitation in the middle 1o late
part of the season (Fig. 4(k)), In 2002, there was some precipitation in the early and lme part
of the season with very little in the middle (Fig. 4(c)y, while 2003 had frequent, light
precipitation from Julian day 180 on (Fig, 4l From Fig. Ha—d), the general trend was thal
daily variations in precipitation led 1o variations io the average near surface soil moisture,
However, two periods did not follow 1his peneral trend: 1) from day 202 10 days 208 and 216
during the summer of 2002 (Fig. 4{ch and 2) from duy 170 w 176 in the summer of 2003
(Fig 4ic)}, In these two periods, the average near surface soil moisture increased more tan
30 herween the start and end dates without substantial precipitation mpucs, Due to 1he lyrge
sample size, u = 567 (189 poinis with 3 individual measurements st each point), il is
unlikely thal the estimation error was substantial enough 1o explain the apparcint incrense in
near surface soil meoisture between these dates, Therelore, other [actors may have
contribuled 1o the ohserved increases in near surface soil moisture in the two periods,
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During the first period, in the summer of 2002, continuous occult precipilation (fog
and dew) was ohserved, but nol rellecled in the precipifation record, and may have
contributed 10 the increase in near surface soil moisture, Previoos studies have noted That
oeeull precipitation 15 @ significant source ol water in the Barrow region and is oflen nol
recorded in the preciphation measurcments (Dingman ef af 1980; Benson 1982 Yang
et al, 1998), The second period, in the summer of 2003, was early in the season (mid-
Tunel, Over the six days between measvrement dales the average ground heat Qua was
13.8Wm” and 1he average relative humidily was 87%. This indicates that the ground
wus a large sink for energy to mell iee near the surface and the vapor pressure delicil



{WPD) was low, inhibiting cvapolranspiration, 11 follows that the water from ice melting
igar the surface in conjunction with e low VP inhibiting evaporation rales may have
led 1o the observed incroase in near surface soil moisture without substantial precipitation
inpuls,

Spatial variabllity of soil moisture

Poinl measurements of near surfuce soil meisture were highly vacdahle over the siudy period,
Standard deviations for all 189 points on measurement dates ranged from 185 Lo 0%, with
VWO al an individual measurement poinl ranging from a low of |45 woa high of 93% over
the Tour years of the study (Fig. 4(a—d), Table 2), Even though the study area was small, Uhe
variability and range in near surface soil moislure was large. This range was greater than tha
reported by Meladden er al, (1998) at a 5 cm depth, for the five different tundra vegetation
types (153-83%:) found within the 9200 kmn® Kuparuk watershed on the North Slope of
Alaska,

Relationship with topography

Inter- and intra-annual variations in near surface soil moisture were examined in relation to
lopography. Seasonal average near surface soil moisture values were caleulated for each of
lhe Lour microsite types (Table 23, In all Tour seasons, the troughs had the highest VWC,
followed by leatureless, then Mat-centered polygons and high-centered polygens (Table 20,
Within microsite types variability in scasonal average near surface soil moisture values was
high in all Tour seasons with cocfficient of variation (CV) values ranging from 10.9-24.5%:
{Table 21, Variability in the annual average near surface soil moisture was grealest in the
featereless microsile lype, having the erealest CV in all lour years of the siudy (Table 2).
This high variability of near surlace soil moisture in feamreless microsile types muy be

Table 2 Descriptive stalistics for the percent wolumetric serface soil moishare for the four different micrositos
owvar the four yoars of the stucly

Averaga Minimum Mk e Standard deviation Coefliciont of variation

2000 n {30 {3} (k) () (&)

Traugh an Te LR 87 ] 104
Featuralass Bo BT 41 89 125 18.48
Flat-centered a4 B3 37 a1 101 16.3
Highrcenterad 32 54 34 70 B4 15.49
2001

Trough 3a i) &l HA a7 14,1
Featuroless a9 G4 28 k] 14.1 2.0
Fal canterad 34 a1 as | 10.6 1843
High centered. 32 ) ] 72 10.4 214
2002

Trough ag i} 41 B? 1o 15.0
Fraluralass B3 BS 23 BG 138 2049
Flat centared 34 1 41 B2 0 16.4
High centered 32 &1 4 73 G 18.8
2003

Trough an 62 a4 ED B 150
Featurcloss a9 Go 28 B 14.4 245
Flat centored bol=] 54 34 i+ 5 187
Migh cenlered 32 A5 26 i 106 2Ea

R LL-!TI..I.’EE-IJ_:] -

227



e 75 wanshug

220

attributed 1o the lack of a substantial polygonal structure, which would control the
redistribution of near surface soil moisture to produce a more organized spatial patieri,

DifTerences in the mean annual values of near surface soil moisture values of the four
microsite types were compared using an analysis of variance (AMOVA) wilh o posf hoo
Sehelli # fest (Tubachnick and Fidell 1989), Results from the Ftest indicated that the means
of roughs and fal-centered polypons, troughs and high-ventered polygons, and [eatureless
and high-centered polygons were significantly different at the 0.05 conlidence Tevel in the
20008, 2001 and 2002 seasons (Table 3). The means of te other three pairs, troughs and
featureloss, Teatureless and Nat-cenlered polyzons, and faband high-ceotered polyvaons were
not significantly different at the 0,05 confidence level in 2000, 2001 and 2002 (Table 3). In
203, the results were similar, excepl the means of the troughs and flat-centered polypons
were nolsignificantly dilferent at the 0,05 level. The lack ol a sipnificant dillerence between
troughs and fat-centered polygons may be duc to the low precipifation el in 2003, The
summecr of 2003 had the least amount of precipitation of all Tour years. In 20013, hioth troughs
and fla-centered polygons had the lowest averuge near surlace soil moisture (Table 2) and
the smullest mean difference (Table 3), which may have yielded the non- significant
difference result. Based on the overal] results, the microsite types which have the greatest
reliel, high-centered polygons and roughs, were the only two types that apparcnily have
sipnificant control over (he mean, near surface sol misiure,

Inira-seasonal variations in the average near surface seil moisture belween microsile
types were cxamined by ploding the values for cach measurement date over the Tour years
(Tiig, S(a—d3). The relative differences in near surlace soi] moisture between nuicrosiles Lypes

Table 3 Resulis of the AMOWA, post hoo, Schelle Ftest from all rombinations of data for all feur years

Seasonal average surface soil Sigmificanl
Yaar Combination moisture mean difference () differance
20060 Traugh = Featurcless 5.6 Mo
Teaugh—Fal-centared 106 Yos™
Trough - High-rentared 180 Yos*t
Fraturalsss— Fat-cantered 4.8 Mo
Featureloss - High-conternd 12z Yea®
Flat-canlered = High-contered 7.5 e
2001 Trough —Featuraloss 1.6 Mo
Trogh ~ Flat-ceniered 11.0 Tea'
Imough—High-centond 16.2 Yea
Featureless—Flat-cenered 6.5 Mo
Featureless — High-centored 14 You™*
Flat-nantered — High-cantored 2 Me
002 Treugh-Featureless G Mo
Trough — Flat-cantened a1 Yea*
Traugh - High-centered 165 Yea'
Featireless— Flal-centerad 5.7 Mo
Featureless— High-centered 131 Yes™*
Flat-centered —High-centared Th Mo
2005 Trough = Fealureless al Ma
Trough - Flal-certered L Mo
Teaugh— High-centersd 16.4 Yos™
Featuroless—Flatcentornd 52 Mex
Fealuroloss — High-cenlered 134 Tas'
Flat-cenlerad = High-centerad 2.2 Mo

Significance level 0.05% and D01



were consistent throsghoul wll oor sunmer seasons (Fip, S{n—d)). For all 30 measurement
dates, woughs had the highest VWO dollowed by featureless areas, then flat-centercd
polyveons, wilh high-centered polygons having the lowest ¥WC, The pattern ol relative
moisture conlenl between troughs and high-centerzd polygons followed the expected pallem,
willi Jow areas being wetler and high areas being drier,

Dillerences in YW between the la-centered polveons and featureless microsile Lypoes
may have been more o resull of their lopographic pesition in the landscape due to the
macrotopography than 1o differences due to microrclicl, Bolh the featreless and
fat-centercd polygon microsile lypes have very Tittle microreliel (<20.23 m) (Hinkel of ol
20031, Howewer, a loree number of the leatureless microsile types fell within lowland
regions, charaelerized by dreained thaw lakes (37 out ol 39, while tbe majority (23 out of 34)
of the Oat-centercd polygons were Joculed in the upland portion of 1he study area, The
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drained thaw lakes have a lower relative topographic position in the landseape compared 10
the upland area (approximately 3-5m). Thus, there is a lateral redistribution of water from
the upland area into the lowland, drained thaw lakes arcas. This may lead 10 an overal]
increase in averape near surfice soil moisture in the lowland arcas relative to the upland area,
Therelore, the redistribution of water associated with macrotopopraphy may have produced
e observed differences in near surface soil moisture values between the flat-centered and
featureless microsite ypes.

The ellects of macrotopography and relative topographic position in the landscape on the
distribution ol near surface soil meisture were investigated. This was done by spatially
partitioning the inlensively sampled data sel into four regions representing upland and
lowlands, then sub-dividing by microlopography, The resulting lour regions were 1) the
upland region with high-centered polygons and troughs (n = 186}, 2) the upland region with
Matl-centered polypons and leaturcless areas (0= 198), 3) the lewland region with high-
centered polvgons and troughs (r=62) and 4) the lowland region with Mat-cenlered
polygons and fealurcless areas (o= 187). These regions were identified by wisual
interpretation using high resolution (023 m*} multi-spectral digital camera imagery, which
was peo-referenced to the Hussey and Michelson (1966} map depicting lakes, the ages of
drpined basing and arcas withou evidence of thaw lake aelivity near Point Barrow, Aluska,

The median, quartiles and range in near surface soil moisture within the Tour regions,
described above, are displayed in a box plot {(Fig. 6% Near surface soil moisture was highly
variable in all four regions (Fig, &), As expected, near surface soil moisture o the wo
lowland groups was grealer than the twao upland groups, When comparing near surface soil
moisture measurements between e upland and lowland regions, the maximum difference in
the median near surface soil moisture was between the arcas characterized by fal-contered
polypons and featureless microsite types (Fig. 61, Diflerences in near surface soil moisture
between the uplund and lowland regions were greatest in the aress with flat-centered
polygons and leaturcless microsite Lypes compared 1o the high-centered polyeons and trough
microgite types (Fig. &), Bven though the maximum dilference in elevation across the sludy
area is only 5.53m, relative lopographic position in (he landscape, as a resull of

100 4
B0 1
ﬁﬂ »
s
* a0
20 - e
1] : -
M= 1BB G2 188 187
High-traugh ugp Flat-featuraless up
High-trough low Flal-featureless low

Figure & Gox plats showing the median, quariles and range of volumetric water content for the intengiely
sampled dala subdivided into four categories: flal-fealureless upland, dat-leaturcless lowland, high-trough
upland, anel high-trough fowland



macrotopopraphy, has o large affect on the lateral redistribution of waler and near surface
s0il moisture,

Summary and conclusions

The magnitude of both the temporal and spatial variations in soil moistore was bigh with
changes in VWC of preater than 75% within a 0.5 km? study area, iven with the high spatial
variability in near surlace soil moisture the results indicated (hat the 189 samples collected
along the seven ransecls were representative of the enlire study area, As expected,
precipitation appearcd to be o major driver of intra-seasonal varintions in near surface soil
moisture values, In addition, the results indicate (hal melling ice and difficult-to-measire
oceult precipitation may influence near surfhce soil moisture values in this Arctic area,

Mear surlace soil moisture within an individual microsite type was highly variable both
inter- and intra-seasonally. Despite this variahility, the relative ranking of near surface soil
maisture between microsile types was consistent both inter- and inlra-scasonally. This
incicates thil microtopography had a substantial conlral over the spatial distribution of near
surface soil meisture, Microtopography had a significant effect on the mean near surface soil
meisture in ageas with high-cenlered polyzons and troughs, However, in arcas without
substantial microtopography (lat-centered and featureless microsile 1ypes), microsite typo
did not significantly allect the distribution of near surface soil moisture.

The contrels over varfutions 10 near surface soil moisture oceurred ot muliple scales
within the landscape. Over small areas (0—10m?), microlopography was a substantial (and
sometimes signilicant) organizer of near surface soil moisture, while over larger areas
(10= 100 m?), relative topographic position had & barge effect on pear surface soil moisture,
This is evidenl when investigating the differences in near surface soil moisture between he
Aat-centered polypon and featurcless microsite ypes, Bolh Dal-centered polygons and
Featureless microsile types were not sipnificant organizers of near surface soil moisture,
However, flal-centered polygon microsite ypes were consislently drier than featureless

microsile types For all 30 measurement dates over the four vears of the study. The majority of

the flat-cemered polygen microsile ypes ane located in the dricr, upland region, while a large
number of the featureless microsite types are located in (he lower, wetler drained thaw lake
regions, Thus, relative wopographic position in the landscape, as a resull of macrotopography,
appeans W be the major factor leading 1o dilferences in average near surfoce soil moistre
between he Dal-centered polygon and featureless microsite types.

The magnitude of the variability in near surlace soil moisture observed in this study could
lave o significant impact on and shonld be considered when modeling fluxes of energy and
carbon in the Arctic coastal plain, In order w0 model this variability, partitioning the
bndscape by microtopography may not be a viable approach in areas dominated by

featureless andfor la-centered polygons, Such an approach may be applicable in poftions ol

the Tandseape dominated by substantial microtopography (high, low-centered polypons and
tronghsl, i, approsimately 65% of the land area in the Burrow region (Brown 1967), In
stircly areias such as the one investigated here, » stalistical dyoamic approach may be a mone
applicable method or representing spatial variations in near surface soil moisiure,
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