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1. INTRODUCTION

Data assimilationover the comple terrain of the
westernUnited Statesis complicatedby the irregular
distribution of obsenationsin the horizontaland verti-
cal. For example,the methodof successie corrections
relies on isotropic weightsthat do not limit the spread
horizontally of correctionsto the backgroundfield
throughterrain. As a result,obsenationsin one valley
can influencethe analysisin a neighboringdata poor
valley solong asthey lie within the specifiedhorizontal
andverticalradii of influence(ROI). The propagtion of
correctionsmay be appropriateduring situationswhen
theboundarylayeris well mixed; however undercertain
conditions(e.g.,radiationalinversionsin valleys of dif-
fering elevations, cold air confinedto one side of a
mountainrange),it may not be desirablefor corrections
to propagte throughmountainranges.To mitigate the
effects of theseproblems,an anisotropicweightis pro-
posedthatlimits the propagtion of correctionghrough
terrain.In addition,a land-watermaskingtermhasbeen
implementedo limit the passagef correctionsacross
coastlines and land-lakboundaries.

2. ANISOTROPIC MODIFICATIONS

This researchrelies upon high resolution(2.5 km)
analysesver the westernUnited Stateshat arecreated
at the Cooperatie Institute for Regional Prediction
(CIRP) at the University of Utah using the Advanced
Regional PredictionSystemData Assimilation System
(ADAS). For the objective analysis ADAS employs the
Bratseth method of successie corrections (Bratseth
1986),aninexpensve analysigprocedurghatcanberun
in nearreal time over a large horizontaldomain (west-
ern United States)at high horizontal resolution. The
backgroundield usedby ADAS is the 20 km versionof
the Rapid UpdateCycle (RUC; Benjaminet al. 2002).
ADAS typically incorporates over 2,000 surface

Corresponding author address: David T. Myrick, Dept. of
Meteorology University of Utah, 135 South1460East,Room
819, Salt Lak City, UT 84112; email: dmyrick@met.utah.edu

weatherobsenationseachhour from Mesowvest (Horel
et al. 2002).

The anisotropicweighting termsdescribedin sec-
tion 1 have beenaddedto the spatialcorrelationfunc-
tions used in the Bratseth method. The modified
functionsare (seelLazaruset al. (2002) for full setof
equations),
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whererj; (ry;) andAz; (Az,) arethehorizontalandverti-

cal distances between an obsenation-obseration
(obsenration-gridpoint) pair, z, andT, aretheelevations
of thegrid pointandterrainatlocationx, andz, (zyg) is

themagnitudeof theterrainblockagebetweeranobser-
vation-obseration (obsenation-grid point) pair (see
Fig. 1). The magnitudeof the spatialcorrelationfunc-
tions dependstrongly upon the valuesspecifiedfor R,

R,, Ry, Rg and9y,, which arethe horizontalandvertical

ROI, terrainfactor(Lazarusetal. 2002),anisotropidac-
tor and land-ater mask term, respectiy.

3. WASATCH FRONT EXAMPLE

To demonstratehe changego an ADAS analysis
resultingfrom the anisotropiderms,a casestudyis pre-
sentedfor a radiationalinversionevent that occurredat
1300UTC 10 April 2003 over the mountainvalleys of
northernUtah. Thetopograply of theregionis shaovn in
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Figurel. Schematiof analysisgrid points(opencircles)and
obsenrations(filled circles).The heightof theinterveningter-

rain for an ob-ob pairzg) and ob-gdpt pairzyy) is shavn.




Fig. 2. For theseanalyses4 iterationsof the Bratseth  during situationswherethe structureof adjacentwalleys
methodwereusedwith the horizontal(vertical) ROI set is different; however if the backgroundield is poor or
to 75 km (375m) for thefirst andsecondpasseend50  the boundarylayeris well mixed, the spreadingof cor-
km (250 m) for thefinal two iterations.The RUC back-  rectionsfrom one valley to anothermay be beneficial.
groundfield for the case(Fig. 3a) is warmerthanthe  Similar agumentscan be posedregarding the land-
surface obsenations throughoutthe analysisand does  wateranisotropiamask.Improvements evidentin anal-
not capturethe invertedtemperaturestructurealongthe  yseswith obsenationslocatedover bothlandandwater
valley sidewvalls. However, in areaswhereobsenationsare only present

The ADAS analysiswith isotropicweightsis shavn over land, the quality of the analysisover water is
in Fig. 3b. Theanalysids colderthanthe RUC andthere  strongly tied to the background field.
is someevidenceof the invertedtemperaturestructure
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lake. ThedatasparseSkull Valley hasa structuresimilar ~ tion at the Untersity of Utah.
to its datadenseneighborsto the eastbecausecorrec-
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The ADAS analysiswith the anisotropicmodifica-
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differenceplot (Fig. 3d) indicatesthe anisotropicterm
hasresultedin a warmeranalysis.The differenceplot
alsoindicatesthe anisotropicanalysisis coolerover the
Rush and doele \alleys.

The temperaturestructureover the GreatSalt Lake
is more uniform in the anisotropicanalysis(Fig. 3c)
becausenggative correctionsfrom obsenations over
land have beenreducedOver the datasparseSkull Val-
ley, the analysishaswarmed(Fig. 3d) towardsthe RUC
background(Fig. 3a) becausehe anisotropicterm and
land-water mask have restrictedthe passagef correc-
tions from almost all surrounding areas.

4. DISCUSSION

The effects of the anisotropicterm and land-water
maskuponthe ADAS analysesvariesfrom locationto
location. In a valley with abundant obsenrations, the
analysisis improved. Detailed structures(i.e. inverted
temperaturestructuresalong the valley sidavalls) are
morelikely to be analyzedbecausebsenrationswithin
the valley receve moreweightrelative to thoseoutside.
In adatasparsevalley, however, thereis agreaterdepen- 4
denceuponthe backgroundield becausebsenrational Figure 2. Surce terrain (m) for the ®gatch Front at 2.5 km
correctionsfrom nearbyvalleys are reduced.This may resolution. Errain considered ater in the land-ater masking
befavorableif the backgroundield is of high qualityor is shaded black.




Horel, J., and Coauthors, 2002: Mesowest: Cooperative
mesonets in the western United States. Bull. Amer.
Meteor. Soc., 83, 211-226.

Lazarus, S. M., C. M. Ciliberti, and J. D. Horel, 2002:
Near-real -time applications of a mesoscale analysis sys-
tem to complex terrain. Wea. Forecasting., 17, 971-
1000.

-2 / {/|aima & aY . \
Figure 3. Wasatch Front (a8) RUC, (b) isotropic ADAS and (c) anisotropic ADAS analyses of temperature (°C) for 1300 UTC 10
April 2003. (d) Difference in temperature (°C) between anisotropic (c) and isotropic (b) ADAS analyses. Surface stations (indi-

cated by + symbols) are annotated with observations of temperature (°C) and winds [full (half) barb denote 10 (5) msY]. The
locations of the Rush, Salt Lake, Skull and Tooele Valleys areindicated by R, S, Sk and T, respectively.




