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e Sea breeze at HKIA

— Mostly westerlies In background easterlies (here, generally
refers to winds with east-component)

— Onset time depends strongly on east-component
= CIaSS|f|cat|on Type |, 11 and II (Cheng 1999)
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Sea breeze at HKIA
— Vertical cross section of sea breeze (sensed by LIDAR)
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e Dynamical aspect

U: background zonal wind (isolated)

H=1,000m
L=10,000m (by tuning)

Notation:
u<0 for anticlockwise
~ Circulation

P
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e [teration

— Evolution of modelled circulation speed

R In (gﬁ)

Uy, = Up—q —

2(H+1)

(Tla n -

l

Tsan) + ku,_q | At

Land-sea differential of air temperature
(to be determined in consideration of
the thermal aspect of the model)

— Evolution of modelled time (n™ step from base time)

t, = t, + nAt
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Thermal aspect

Solar radiation Solar radiation
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e Solar radiation flux

3.4
F
0.678
I(z,F)=11-1,-0.7% 1—0.75 (—) oS z
A 8 A
- y ' ) \ : ]
diffuse air mass effect effect of cloud cover, F
component |(Meinel & Meinel, (Kasten & Czeplak,
1976) 1980)
extraterrestrial solar radiation solar zenith angle

1
cosz + 0.50572 (96.079959 — z)~1.6364

(Kasten & Young, 1989)

where X =
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Solar radiation flux at nt time step of a model run:

L,=1(z,,F,)
4 Sun
Cloud cover: F,

CTIoud cover: OCF*

forecast for future @
hour / actual for

present hour @

Solar zenith angle computed for
the modelled time (t,) on given

day of the year by astronomical
formula Earth surface

*Remarks: OCF stands for objective consensus forecast e, St
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e Temperature of land surface
— Surface of semi-infinite homogeneous slab

L1

olar radiation Solar radiation

2 Qin |% At
Tl, n j— Tl , n— 1 + Homogenous a ir layer om
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Emission ? - ? _.? ||||||
(L i e n h ar d an d L i e n h ar d ’ 2 OO 8) \ TTTTTT al-acli;::la:::::‘:ira hhhhh ca €1 Tllernml-ucliw; 1::: :i:::l above land 200 m
| f A,
m { ’ Thermal-active layer of sea water LAND
SEA
albedo effect convective 10Ss to alir + drain to bulk of landmass
,_l_\ A

where Qin = In(]- _ 181) _ h’la (Tl,n—l _ Tla,n—l)
— eo|[(Ty o1 + 273.15)* = (Tjqn_1 + 273.15)*]

|

radiative loss
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e Temperature of sea surface
— 1m thick homogeneous thermal-active layer

q Solar radiatio Solar radiation
T | sn A t -
SJ n SJ n 1 Homogenous air layer
CepP
S S S Convection Convection
Emission * + Emission
I T T
vertio n
Thermal-active layer of air above s Ba +_ lllllll
Convection | Convection ’ m
1m { Thermal-active layer of sea water
LAND
SEA

albedo effect convective loss to air
l_‘_\ A

where Qsn = In(l _ ﬁs) _ hsa (Ts,n—l _ Tsa,n—l)
— e,0|(Tsnq + 273.15)* = (Teun_1 + 273.15)*]
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e Temperature of air on land
— 200m thick homogeneous thermal-active layer

Solar radiati Solar radiation
T T | Qian At
l (/LJ n l (/L J n - 1 Homogenous air layer

C p — 800 m

U. U. U. Convection Convection

Emission * + Emission
I I 1
Adveftion
Thermal-active layer of air above s B + ™ Thermal-active layer of air above land
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heating due to convective loss from land surface
A

where Qian = hiq (Tl,n o Tla,n—l) — hauy (Tla,n—l _ Tu,n—l)

convective loss to upper air

A mxxn

@ J Hona Kong OBSERVATORY



e Temperature of air on sea surface
— [Similar to air on land]

q Solar radiation Solar radiation
T san A t :
— |
san san—1
C Homogenous air layer
aFa*“a Foom
Convec tion Convection
Emission * + Emission
1 I ]
Advefition
Thermal-active layer of air above sea + ™ Thermal-active layer of air above land
- . 200 m
Convection Convectio n H
1m { Thermal-active layer of sea water
LAND
SEA

heating due to convective loss from sea surface

Where Qsan = hsa (Ts,n _ Tsa,n—l) o hau (Tsa,n—l - Tu,n—l)

convective loss to upper air
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Effect of temperature advection

— Temperature decrement of air on land (cold advection
of sea breeze):

U, 1AL
Tla,n « Tla,n + X(un—l) [ I (Tla,n T Tsa,n)]

— Temperature increment of air on sea surface (warm
advection of land breeze):

U, 1AL
Tsa,n « Tsa,n + (X(un—l) - 1) [ I (Tsa,n o Tla,n)]

(1 Vu,_., <0
Where X(un—l) déf {O \v4 un ;ll > O
n— —
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e Temperature of “upper” air
— 800m thick homogeneous Iayer above thermal-active

layer to top of circulation ==
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Average of air Reduced with
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 Land-sea differential in air temperatures
— mean over the air column from surface to top of
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o Supplementary exclusion tests

— Westerly sea breeze is not expected to occur at HKIA
If:

» Background wind bearing north-component > 7m/s; or

» Background wind bearing south-component > 2m/s; or

« Winds on high ground bearing south-component > 8m/s
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uning [using 3 months of data] to obtain

— Drag coefficient, linear: k=0.0001/s

— Horizontal extent of circulation: L=10,000m

— Heat transfer coefficient at land-air interface:

N’ .~h,=45W/m2K

— Heat transfer coefficient at sea-air interface:
N.,=5W/m?K

— Heat transfer coefficient between thermal-active air
and “upper” air: h_,=5W/m?K

A sExx8

@ J Hona Kong OBSERVATORY



e Initialization

— Start with u,=0m/s and latest observations at base
time for other variables (apart from a few exceptions)

e Time step In Iteration: Ar=300s
— Model run half-hourly during 05-17H (not run if u<oor

westerlies at R2C at base time)

e Threshold for sea breeze occurrence: u,+U<-1m/s

— If threshold is not reached before modeled time 1730H, then
westerly sea breeze is not expected to occur on that day.
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e \Webpage for displaying model input/output

Estimated sea breeze onset time

Estimated sea breeze onset time: 04 +/-1 UTC

Sea breeze onset/retreat time 1s estimated basing on the following data at
201511081000 (HET):

BACKGROUND WIND (AWS)

Station | Direction (deg) | Speed (m/s)
WGL 061 5.8
R2C VRB 21
CCB 078 51
TMT 111 3.0
R2E 071 38

Average (U V): (3.3.0.8) m/s [+ve for easterlies and northerlies]

HIGH GROUND WIND {AWS)
Station | Direction (deg) | Speed (m/s)
NLS 114 81
YTS 139 9.0

Average J: -5.0 m/s [+ve for northerlies]

PRESSURE (AWS)
HEA (Pg)- 1017.4 hPa

NLS (P1): 935.1 hPa (est)

TEMPERATURE (AWS)

HEKIA (Tygrs): 28.6°C

WB air (To): 27.7°C [mean of WBI1,2,5(WB3,4,8 as BU]}]
WB sea (Tewt): 26.6°C [mean of WBI,2,5(WB3,4,8 as BU)]

CLOUD COVER
SYNOP (Op): 7 oktas
OCF from next hour till 1TH (Fp41.Fpea....): 4.4.4.4.3 3.2 oktas
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e Verification

— 18 months “out-of-sample” data (not used in tuning)

— Predicted vs actual for
» Sea breeze occurrence on the day
o Sea breeze onset hour (in case of predicted and actual occurrence)

— Anemometer at the centre of northern runway as the
reference point for actual
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e Result

— Prediction sea breeze occurrence on the day
« POD=0.69
« FAR=0.30
e CSI=0.53

e Accuracy=0.78 (vs random predictions with forecast rate
matching with “climatological” base rate: 0.53)
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e Result
— Prediction of sea breeze onset hour
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e Result

— Prediction of sea breeze onset hour
e Overall accuracy: 0.76 (vs “climat”: 0.58)
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Seasonal onset distribution
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Seabreeze onset Monthly distribution
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