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JOINT URBAN 2003 SURFACE ENERGY BUDGET MEASUREMENTS AND ANALYSIS

J.E.Holeman, M. Princevac,S.Grossman-Clarke,S.M. Lee,H.J.SFernando,R. Calhoun
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Summary Understandingof thesurfaceenergy balanceis acritical componentof thecorrectmodelingof flow in anurbanenvironment.
During theJointUrban2003field campaign,extensive datawerecollectedof thecomponentsof thesurfaceenergy. Thesedatawere
analysedin anattemptto closethesurfaceenergy budgetandto gainanunderstandingof energy partition.

INTRODUCTION

Researchonair flow in urbanenvironmentsis of considerableimportance.Sincemuchof humanitylivesin urbansettings,
it is vitally importantfrom thepoint of view of public safetyto understandthemechanismsthroughwhich pollution and
other contaminantsdispersetherein. The Joint Urban 2003 (JU 2003) field campaignwas conductedfrom late June
throughearlyAugustin 2003to provide dataneededto increaseour understandingof urbanmeteorologyanddispersion
[1, 2]. Oneof the importantaspectsthat wasstudiedby our groupduring JU 2003wasthe efficacy of currentsurface
energy budgetschemesusedin meso-scalemeteorologicalmodels.Thesurfaceenergy is whatdrivesmany of theflows
in urbanenvironments[3, 4], andit hasbeendemostratedthatsurfaceenergy parameterizationsof thepopularmesoscale
meteorologicalmodelMM5 needsimprovement[5]. DuringJU2003,theourgroupfieldedasuiteof instrumentsin order
to measurethedominantcomponentsof thesurfaceenergy budgetin agrassycity parklocatedin a suburbanarea.
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PRELIMINARY RESULTS

Two daysin mid-Julywerechosenfor analysis,consideringtheir relatively cloud-freeskieson thosedays.If theassump-
tion of a vertical,onedimensionalsystemis correct,variouscomponantsof thesurfaceenergy budget(seeFigure3) are
expectedto bein balance.Thenetradiometerusedis ableto measuretheshortwave(

���
) andlongwaveradiation(

���
) both

facingup anddown. Thenetradiationpresentat theEarth’s surfaceis
���������
	��
� 	��� ���� � � � � (Figure4). Thepart

of theenergy,
���

, which is transferredto theatmospheredoessoby oneof two processes:thesensibleheat,andthrough
theevaporationof waterinto theair, thelatentheat.Theseweremeasuredby turbulentflux instrumentsneartheground.
Thesonicanemometerandfine wire thermocoupleareusedto measurethecovariancebetweenverticalvelocity ( � ) and
temperature( � ), ������� (where � � termsindicateafluctuation,basedononeminuteaverages).Thesensibleheatflux is then



�����������  �!#"�!
, where

�$�
and

�
arethespecificheatatconstantpressureandthedensity, respectively, of dry air. Thesonic

anemometeris usedwith aKrypton hygrometerto measurethecovariancebetweenverticalvelocity (
 

) andwatervapor
density( % ),  �! % ! . Latentheatflux is

�'&(�*),+  �! % ! , where
),+

is thelatentheatof vaporization(Figure5). In orderto close
theenergy budget,it is alsonecessaryto measuretheheatflux throughthebottomof thecontrolsurfacefor thesoil layer
(SHF) aswell asthe storagein thecontrol volume(SSF).SHF wasmeasuredby a heatflux platelocatedat a depthof
6.5cm.Integratingthetemperatureprofile of thesoil yieldsenergy storageperunit area.Differentiatingthis with respect
to timeproducesthenetflux requiredto heator cool theuppersoil layer:Soil StorageFlux (SSF)

�.--$/1032-54 � /76 �5�8��":9<;>=@?A; ,
wherec is the specificheatof the soil,

�B�
is the soil density, and

":97;B=
is the temperatureprofile (Figure6). The sum���DCE�'&FCHGI�KJLCEGMGIJ

is thequantitythatshouldbalancethenetradiation,N�O . Comparingthesequantitiesasin Figure
7, we seeconsistancy betweenthetwo curves.This is anindicationthatthemeasuredquantitiesindeeddo a goodjob of
characterizingthesurfaceenergy budgetin this suburbanpark. Further, it appearsthat theassumptionof a vertical,one
dimensionalsystemmaybeadequateto describethesurfaceenergy budgetat this experimentsite.

197 197.2 197.4 197.6 197.8 198 198.2 198.4 198.6 198.8 199
−200

0

200

400

600

800

1000

1200

Local Day of Year

R
ad

ia
tiv

e 
E

ne
rg

y 
F

lu
x 

(W
/m

2 )

Incoming Shortwave Radiation
Outgoing Shortwave Radiation
Incoming Longwave Radiation
Outgoung Longwave Radiation
Net Radiation

Figure 4: Radiative fluxes for July 16 and 17 
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Figure 5: Sensible and latent heat fluxes for July 16 and 17 
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Figure 6: Soil heat fluxes for July 16 and 17 
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