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1 Introduction

An important component of NASA's Program for Arctic Regional Climate Assessment

(PARCA) is a mass balance investigation of the Greenlarrd Ice Sheet. The mass balance

is calculated by taking the difference between the areally integrated snow accumulation

and the net ice discharge of the ice sheet. Uncertainties in this calculation include the

snow accumulation rate, which has traditionally been determined by interpolating data

from ice core samples taken from isolated spots across the ice sheet. The sparse data

associated with ice cores juxtaposed against the high spatial and temporal resolution

provided by remote sensing, has motivated scientists to investigate relationships between

accumulation rate and microwave observations as an option for obtaining spatially

contiguous estimates.

The objective of this PARCA continuation proposal was to complete an estimate of

surface accumulation rate on the Greenland Ice Sheet derived from C-band radar

backscatter data compiled in the ERS-1 SAP. mosaic of data acquired during September-

November, 1992. An empirical equation, based on elevation and latitude, is used to

determine the mean annual temperature. We examine the influence of accumulation rate,

and mean annual temperature on C-band radar backscatter using a forward model, which

incorporates snow metamorphosis and radar backscatter components. Our model is run

over a range of accumulation and temperature conditions. Based on the model results, we

generate a look-up table, which uniquely maps the measured radar backscatter, and mean

annual temperature to accumulation rate. Our results compare favorably with in situ

accumulation rate measurements falling within our study area.

2 Summary of Results

Our for_vard model is discussed in previous reports and has been published in the

literature (Forster and others, 1999). Also as reported in thc literature (Baumgartner and

others, 1998, 2002), aspects of the model have been validated using in situ and satellite-
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deriveddata(tbr example,estimatesof theextinctioncoefficient). Thekey featureof our

model is the look-uptable,which relatesbackscatter,annualtemperatureand

accumulationrate(figure I) (Munk andothers,in review) As evident in figure 1,

temperatureplaysa surprisinglystrongrole in ouranalysisby influencing thesizeof the

volumesampledby themicrowavesensor.To incorporatetemperature,we extract

estimatesof surfacetemperaturefrom workby Reeh(1989)who developeda regression

formulabasedon latitudeandelevation(figure 2). Thetemperaturedatacombinedwith

backscatterdatafrom theERS-I SAR mosaic(Fahnestockandothers,1993)thenyields

estimatesof accumulationrate in thedry snowzone(figure 3). Ourcontour mapshowsa

generalnortheast-southwesttrend in accumulationrateacrossthedry snow facies.

Perhapsmoreimportantly,thedataalsoindicatekilometerscalevariability in

accumulationrate. While not necessarilyunexpected,webelievethis is the first

extensiveevidencefor spatialvariability in accumulationrateat this scale.

Our resultscomparefavorablywith surfaceaccumulationratecontourspreparedby R.

Balesaspartof theproject(figure 4). We alsofind excellenta,.,m'eementbetweenour

estimatesandindividual in situ estimatesfrom coredata(figure 5). This is demonstrated

by theregressioncurvesshownin figure5. Pointby point comparisonsbetweenderived

andmeasuredaccumulationratesaretabulatedin Munk andothers,in review.

We expectto continueto investigaterelationshipsbetweenbackscatterandaccumulation

rateaspartof acollaborationwith theTechnicalUniversityof Denmark. As partof an

exchangeprogrambegunduringthesummerof 2002,OSUprovidedTUD with a

portable,microwaveradar. Theunit hasbeenusedin thefield beforeandit is anticipated

that it will beusedagainin Greenlandduring thesummerof 2003. Theunit will beused

to further investigatedominantglaciologicalcontrolsonmicrowavescattering

particularlyin theablationandthewet snowzones.
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Figure 1. Model estimate ofbackscatter as a function of accumulation rate (a). Look-up
table wherein estimates of surface temperature and backscatter can be used to estimatc

accumulation rate.



Figure 2:ERS-1 SAR mosaic compiled from data obtained during September-

November, 1991 [Fahnestock et. al., 1993]. Contours with the ice sheet correspond to
mean annual isotherms calculated from Reeh (1989). Contours are shown in 1° C

intervals.
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Figure 3: Derived accumulation rate map, with purple and red corresponding areas of low

and high accumulation, respectively. Contours are given in cm/yr w.e., and were obtained

using a smoothed version of the 100m resolution mosaic shown. The inset in the lower

left-hand comer shows the location of the map on the Greenland ice sheet.
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Figure 4: Comparison between; (a) Bales accumulation map; (b) present work. Contours

are given in cm/yr w.e., with the dashed line corresponding approximately to the dry-

snow zone.
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Figure 5. Regression between in situ and microwave derived accumulation rates for all

available in situ core data (a) and the most recent core data (b).
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