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Motivation

* Exchange of heat and moisture between the surface
and lower atmosphere is one of most critical
components of Earth-Atmosphere system

— Affects boundary layer evolution
— Implications for the climate on long time scales

* Quantified by sensible and latent heat fluxes

e Typically measured using eddy-flux technique
— Only provides observation at measurement height
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Estimating Sensible/Latent Heat Flux Profiles

Using a method described by Deardorff (1980), heat fluxes
can be estimated from sequential thermodynamic profiles

through integration: B ha
g 8 -w’()’(z)[ (@H—)d rlg—f—(a—:m

Since thermal diffusivity is small in the atmosphere, the last
term can be thrown out

Mean vertical veIocity over flat Iand near the surface is
treated as zero
Utilizing finite differencing, heat flux can be solved for:

Assumption: No significant temperature advection

Latent heat flux can be estimated similarly:

(latent heat of vaporization,
A, is 2.5x10°¢) kg1)




SMARTSonde

e Small Multi-function Autonomous Research
and Teaching sonde

* NexSTAR EP Select
for measurements,
early in project

e SHT75-T, q, slow
response




February 18,201 | Transition
Sunset: |8:14

Temperature Profile on 02/18/11 Specific Humidity Profile on 02/18/11
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Correcting for Advection Effects

Potential Temperature Profile on 02118111
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February 18,201 | Transition
Sunset: |8:1

Average Change in temperature over time period Average Change in moisture over time period
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March 6™ Morning Transition
Observations Sunrise; 6:53

Temperature Profile on 03106111 Slpecific Humlidity Profile on 0310611
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March 6™ Morning Transition

Observations Sunrise; 6:53

Average Change in temperature over time period

Average Change in moisture over time period

— 07:18-07:50
07:50-08:25
08:25-08:59

07:18-07:50
07:50-08:25
08:25-08:59

Height {m AGL)
Height (m AGL)

100 +
50
0 1 1 1 1 1 ] !
-1 .05 il 0s 1 15 2 -1.5 -1 -0.5 1] 05 1 1.5 2 25
d8/diks™ x10° dqt dt(g (kgs) ") x10
Heat Flux on 03/06/11 Latent Heat Flux on 03/06/11
350 350
———07:18-07:50 ——— 07:18-07:50
07:50-08:25 —07:50-08:25
300 + —— 08:25-08:59 300 - 08:25-08:59
250 + 250 +
g 200 F E 200 |
E £
2150t £ 150}
100 + 100 +
50+ 50}
U 1 1 1 1 1 1 J u 1 1 1 1 1 ]
-80 -60 -40 -20 0 20 40 60 80 100 -20 0 20 40 &0 80 100 120

Heat Flux (\im™2) Latent Heat Flux (¥ 2)



Future Plans

e Eddy-flux tower has recently been installed at
KAEFS

 Compare surface flux measurements from the

sonic anemometer with those estimated from
UAS

— Determine accuracy of estimates under a variety
of conditions

— Evaluate the validity of correcting for temperature
advection




Summary

* Low-cost method of estimating sensible and
latent heat flux profiles within the PBL

e Case studies of the evolution of the PBL during
the morning and evening transitions

— Well-suited for UASs; can easily penetrate the top
of the PBL under these conditions which is needed

for measurements

* Plan to verify measurements in near future




March 6™ Morning Transition

YWind Profile on 03/06{11
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