Observations of near-surface
heat flux and temperature
profiles through the early
evening transition over
contrasting surfaces

DEREK D. JENSEN?, DANIEL F. NADEAU3,SEBASTIAN W. HOCH?,
ERIC R. PARDYJAK!

IMECHANICAL ENGINEERING, UNIVERSITY OF UTAH, SALT LAKE CITY, UNITED STATES
2ATMOSPHERIC SCIENCES, UNIVERSITY OF UTAH, SALT LAKE CITY, UNITED STATES
SCIVIL, GEOLOGICAL AND MINING ENGINEERING, POLYTECHNIQUE MONTREAL, MONTREAL, QC, CANADA



Introduction

" Flux-gradient relationships, such as Monin-Obukhov similarity theory (MOST),
are very poorly formed through much of the afternoon and evening transition

(AET).

= Blay et al. 2014 observed near-surface counter-gradient fluxes during the BLLAST
campaign with durations of approximately 30 — 80 minutes.

= We'd like to perform a similar analysis with the MATERHORN data where heat-
flux and temperature profiles are considered for 2 contrasting sites.

= GOAL: Obtain a more complete understanding of the evolution of near-surface
heat flux and temperature through the AET.
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Relevant

Instrumentation

* Sonic Anemometers

* Finewire
Thermocouples

* Temperature/RH

* Net Radiometers

* Soil Sensors

Playa :
Heights: 0.5,2, 5,10, 20, 26 M Pgse
+ Higher Albedo (0.32) s T
* HighSoilMoisture
* zp = 0.5mm
* No vegetation

Sagebrush

Sagebrush
Heights: 0.5, 2, 5, 10, 20 m
+  Lower Albedo (0.26)

* LowSoil Moisture

+ 7= 10cm
Desert Steppe
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Non-Dimensional Temperature Gradient, ¢,

Kz 90 w'e’
o, = 5. 92 where 8, = — "

* Within MOST, ¢;, = f({) where { = %and L is the Obukhov Length

* ¢, can be used to estimate temperature profiles and heat fluxes

* ¢, can be used to explore the validity of MOST

. ]
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Transition Data Analysis

* 5 minute averaging and linear detrending
* Fine wire temperature always used
* Transition periods with high winds (> 7 m s 1) and missing data neglected

* Left with 8 days at Playa, 13 at Sagebrush

* Transitional Relative Time: T =t — tpn=g

. ]
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Dashed Line is the Accepted
10 “se % 107 | Form (Dyer and Hicks, 1970)
® ¢p=1+5{for{=0
4 — -0.5
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Counter Gradlent Fluxes: Quadrant Analysis

Something new!

' 1 22>0, we >0 |00
|
I

0
H:— <0, weo' <0
az

L What Blay et al. saw
moife s Ve LA
e E I I 1 1 i I ATh F 1 i
L 04 02 0 D2 04 06 005 D4 -02
df/dz (K m™) dél

} Introduction MOST C-G Fluxes Gradient Evolution Flux Evolution




Time Scales

* Flux Reversal Time: Ty = Ty=o

* Gradient Reversal Time: Tg,q4 = Tag9/82=0

* tiag > 0 when the gradient reversal precedes the flux reversal

* t1ag < 0 when the flux reversal precedes the gradient reversal (Blay et al.)
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Gradient Evolution
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Flux Evolution

01 T
, % 0 ——05m

} Introduction MOST C-G Fluxes Gradient Evolution Flux Evolution



Flux Evolution: =) I
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Simplified Heat Flux Tendency
Equation

1. Storage: Explicitly calculated and very small
2. Gradient Production: Explicitly calculated. Pushest;;, — 0

3. Turbulent Transport: Explicitly calculated. Quite noisy and small

4. Buoyant Production: Explicitly calculated. Always positive = ¢;,, > 0

5.  Pressure correlation: Calculated as residual.

6. Dissipation: Will be calculated spectrally. It's quite small (Wyngaard, 1972)
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Simplified Heat Flux Tendency

Equation
B(B’W’) — 00 B(B’W’w’)
) at =(-w" 0z dz

* Consider a ratio of 2 terms:

* Gradient production— t;,, = 0

* Buoyant production (Always Positive) = t;44 > 0

1 —
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3. When the ratio is negative, the two terms
are working against one another. Flux reversal
occurs for a ratio of ~ — 2.5 at both sites
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Conclusions

» Counter-gradient (CG) heat fluxes occur at both sites. At Playa, the CG flux is always
due to the gradient reversal occurring before the flux reversal.

» Sagebrush has the same CG behavior as Playa above 5 m and the opposite for 5 m and
below.

 Although cooling is bottom-up, gradient reversal is top-down at a rate of ~4 min m=.
* Flux reversal occurs nearly simultaneously at all heights.

* The CG behavior is due to the relative importance of the gradient and buoyant
production terms in the heat flux budget equation.







