
1. INTRODUCTION

Data assimilationover the complex terrain of the
westernUnited Statesis complicatedby the irregular
distribution of observationsin the horizontalandverti-
cal. For example,the methodof successive corrections
relieson isotropicweightsthat do not limit the spread
horizontally of corrections to the background field
throughterrain.As a result,observationsin onevalley
can influencethe analysisin a neighboringdata poor
valley solong asthey lie within thespecifiedhorizontal
andverticalradii of influence(ROI). Thepropagationof
correctionsmay be appropriateduring situationswhen
theboundarylayeris well mixed;howeverundercertain
conditions(e.g.,radiationalinversionsin valleys of dif-
fering elevations, cold air confined to one side of a
mountainrange),it maynot bedesirablefor corrections
to propagate throughmountainranges.To mitigate the
effectsof theseproblems,an anisotropicweight is pro-
posedthat limits thepropagationof correctionsthrough
terrain.In addition,a land-watermaskingtermhasbeen
implementedto limit the passageof correctionsacross
coastlines and land-lake boundaries.

2. ANISOTROPIC MODIFICATIONS

This researchreliesuponhigh resolution(2.5 km)
analysesover thewesternUnitedStatesthatarecreated
at the Cooperative Institute for Regional Prediction
(CIRP) at the University of Utah using the Advanced
Regional PredictionSystemData Assimilation System
(ADAS). For theobjective analysis,ADAS employs the
Bratseth method of successive corrections (Bratseth
1986),aninexpensiveanalysisprocedurethatcanberun
in near-real time over a large horizontaldomain(west-
ern United States)at high horizontal resolution.The
backgroundfield usedby ADAS is the20 km versionof
the RapidUpdateCycle (RUC; Benjaminet al. 2002).
ADAS typically incorporates over 2,000 surface

weatherobservationseachhour from Mesowest (Horel
et al. 2002).

The anisotropicweighting termsdescribedin sec-
tion 1 have beenaddedto the spatialcorrelationfunc-
tions used in the Bratseth method. The modified
functionsare (seeLazaruset al. (2002) for full set of
equations),
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whererij (rxj) and∆zij (∆zxj) arethehorizontalandverti-
cal distances between an observation-observation
(observation-gridpoint)pair, zx andTx aretheelevations
of thegrid point andterrainat locationx, andzo (zog) is
themagnitudeof theterrainblockagebetweenanobser-
vation-observation (observation-grid point) pair (see
Fig. 1). The magnitudeof the spatialcorrelationfunc-
tions dependstrongly upon the valuesspecifiedfor R,
Rz, RT, RB andδlw which arethehorizontalandvertical
ROI, terrainfactor(Lazarusetal. 2002),anisotropicfac-
tor and land-water mask term, respectively.

3. WASATCH FRONT EXAMPLE

To demonstratethe changesto an ADAS analysis
resultingfrom theanisotropicterms,a casestudyis pre-
sentedfor a radiationalinversionevent that occurredat
1300UTC 10 April 2003over the mountainvalleys of
northernUtah.Thetopography of theregion is shown in
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Figure1. Schematicof analysisgrid points(opencircles)and
observations(filled circles).Theheightof theinterveningter-
rain for an ob-ob pair (zo) and ob-gdpt pair (zog) is shown.
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Fig. 2. For theseanalyses,4 iterationsof the Bratseth
methodwereusedwith thehorizontal(vertical)ROI set
to 75 km (375m) for thefirst andsecondpassesand50
km (250m) for thefinal two iterations.TheRUC back-
groundfield for the case(Fig. 3a) is warmer than the
surfaceobservations throughoutthe analysisand does
not capturethe invertedtemperaturestructurealongthe
valley sidewalls.

TheADAS analysiswith isotropicweightsis shown
in Fig. 3b. Theanalysisis colderthantheRUC andthere
is someevidenceof the invertedtemperaturestructure
forming along the EastBenchof the Salt Lake Valley.
The analysisover the Great Salt Lake is not uniform
becausecolderobservationsto theeastaremakingnega-
tivecorrectionsto grid pointsover theeasternsideof the
lake.ThedatasparseSkull Valley hasastructuresimilar
to its datadenseneighborsto the eastbecausecorrec-
tions are propagating through the Stansbury Mountains.

The ADAS analysiswith the anisotropicmodifica-
tions is shown in Fig. 3c while the differencebetween
the anisotropicand isotropicanalysesis shown in Fig.
3d.Theanisotropictermhasreducedthepropagationof
negative (positive) observational correctionsfrom the
RushandTooeleValleys (Salt Lake Valley benches)to
thebenchesof theSaltLake Valley (theRushandToo-
ele Valleys). As a result, the anisotropicanalysis(Fig.
3c) hascapturedmoreof theinvertedtemperaturestruc-
ture along the EastBench.Along the West Slope,the
differenceplot (Fig. 3d) indicatesthe anisotropicterm
hasresultedin a warmeranalysis.The differenceplot
alsoindicatestheanisotropicanalysisis coolerover the
Rush and Tooele Valleys.

The temperaturestructureover theGreatSalt Lake
is more uniform in the anisotropicanalysis(Fig. 3c)
becausenegative corrections from observations over
landhave beenreduced.Over thedatasparseSkull Val-
ley, theanalysishaswarmed(Fig. 3d) towardstheRUC
background(Fig. 3a) becausethe anisotropicterm and
land-water maskhave restrictedthe passageof correc-
tions from almost all surrounding areas.

4. DISCUSSION

The effectsof the anisotropicterm and land-water
maskuponthe ADAS analysesvariesfrom location to
location. In a valley with abundant observations, the
analysisis improved. Detailedstructures(i.e. inverted
temperaturestructuresalong the valley sidewalls) are
morelikely to be analyzedbecauseobservationswithin
thevalley receive moreweight relative to thoseoutside.
In adatasparsevalley, however, thereis agreaterdepen-
denceuponthe backgroundfield becauseobservational
correctionsfrom nearbyvalleys are reduced.This may
befavorableif thebackgroundfield is of high quality or

duringsituationswherethestructureof adjacentvalleys
is different;however if the backgroundfield is poor or
the boundarylayer is well mixed, the spreadingof cor-
rectionsfrom one valley to anothermay be beneficial.
Similar argumentscan be posedregarding the land-
wateranisotropicmask.Improvementis evidentin anal-
yseswith observationslocatedoverbothlandandwater.
However, in areaswhereobservationsareonly present
over land, the quality of the analysis over water is
strongly tied to the background field.

Acknowledgements. This work was supportedby
the U.S. Department of Energy grand
DEFG0300ER62841and NOAA grant NA77WA0572
to theNOAA Cooperative Institutefor RegionalPredic-
tion at the University of Utah.

5. REFERENCES

Benjamin,S. G., and Coauthors,2002: RUC20 - The
20-km versionof the RapidUpdateCycle.NWS Tech-
nical ProceduresBulletin No. 490.NOAA/NWS, 30 pp.
[NationalWeatherService,Office of Meteorology, 1325
East-WestHighway, Silver Spring,MD 20910] (Avail-
able online at http://205.156.54.206/om/tpb/490.htm).

Bratseth,A. M., 1986:Statisticalinterpolationby means
of successive corrections.Tellus, 38(A), 439-447.

Skull
Valley

Tooele
Valley

Salt
Lake
Valley

Rush
Valley

O
quirrh

M
ountains

S
tansbury

C
edar

M
ountains

GreatGreat
Salt
Lake

W
asatchM

ountains

E
ast B

ench

W
est S

lope

2600

2300

2000

1700

1400

Figure 2. Surface terrain (m) for the Wasatch Front at 2.5 km
resolution. Terrain considered water in the land-water masking
is shaded black.
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Figure 3. Wasatch Front (a) 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) ms-1]. The
locations of the Rush, Salt Lake, Skull and Tooele Valleys are indicated by R, S, Sk and T, respectively.


