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Introduction: Weather forecasting <(._=,EI\)
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0 Numerical Weather Prediction (NWP) model uses math equations to
forecast weather based on current atmosphere state (“initial value” )

O Weather forecasting is an “initial value” problem !!!
(Abbe, C., 1901; Bauer, P. , et. al., 2015; Jankov, I. et. al., 2022)

v' Data assimilation aims to improve the quality of “initial value” to
obtain better forecasting results.
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https://www.ecmwf.int/en/about/media-centre/news/2015/course-probes-numerical-methods-weather-forecasting
https://theconversation.com/the-science-of-weather-forecasting-what-it-takes-and-why-its-so-hard-to-get-right-175740

D N\
DEPARTMENT OF

Why assimilating water vapor?  fiisriasnsg

PolyU Micro-LARGE

O Water vapor plays an important role in

formation of clouds and rainfall.
(Benevides, P, et. al., 2015; Padullés, R., et. al., 2022)

O Distribution and variation of water

Increased Carbon "
Dioxide Concentration

vapor significantly affects other AT
meteorological parameters, such as Vincreases
temperature.

(Sherwood, S. C,, et al., 2010; Inomata, Y., et. al., 2021)

4 It has been widely demonstrated that assimilating accurate water
vapor data can improve the initial fields and further leads to a
better forecasting performance, such as:

higher rainfall forecast skill scores

better humidity forecasting fields

more accurate forecast of tropical cyclone intensity

(Lawrence et al., 2018; Xian et al., 2019; S. Lee et al., 2020; Y. Li et al., 2021;...) 5/30


https://www.bintelligence.com/blog/2020/12/8/38-cloud-computing-companies-win-2020-stratus-awards-for-cloud-computing
https://climate.nasa.gov/ask-nasa-climate/3143/steamy-relationships-how-atmospheric-water-vapor-amplifies-earths-greenhouse-effect/
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J Very limited studies has been focusing on satellite-based NIR

water vapor assimilation.
(Chen et al., 2008 and Saunders 2021)

0 U.K. Meteorological Office (Met Office) is the first one In the

world successfully assimilating Sentinel-3 (3A launched 2016;
3B launched 2018) OLCI NIR PWYV into the global NWP model

since May 2022.

1 Dr. Roger Saunders (2021) from Met Office demonstrated that
assimilating OLCI NIR PWV made positive contribution to the
Met Office’s global NWP model in forecast scores.

Saunders, R. (2021). Assimilation of OLCI total column water vapour in the Met
Office global numerical weather prediction system. Meteorological
Applications, 28(5), e2029.
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Q To the best of our knowledge, our group is the 2"9 one to
assimilate Sentinel-3 OLCI NIR PWYV, and the first one to
assimilate OLCI NIR PWV into a regional NVWWP model.

J We assimilated Sentinel-3 OLCI NIR PWV over the South China
Into the WRF model for March and June 2020. Our results showed:

v PWV forecasting accuracy for the first 12-h after assimilation is
improved by 3.1% for March; 4.4% for June

v For June 2020, after assimilating OLCI NIR PWYV, the POD and
CSI scores can improve up to 0.024 and 0.017, respectively.

Gong, Y., Liu, Z., Chan, P. W., & Hon, K. K. (2023). Assimilating Sentinel-3
All-Sky PWYV Retrievals to Improve the WRF Forecasting Performance Over the
South China. Journal of Geophysical Research: Atmospheres, 128(8),
e2022JD037979.



Our work about GNSS PWV assimilation

We assimilated GNSS PWV and radiosonde data over the South
China into the WRF:

O Improvement in PWV forecasting accuracy:

« WRF+GNSS(A) (assimilation of 76 GNSS): 11.6%

« WRF+GNSS(B) (assimilation of 213 GNSS): 14.5%

« WRF+RS (assimilation of 23 radiosonde): 2.9%

« WRF+GNSS(A)+RS (assimilation of 213 GNSS + 23 radiosonde): 14.8%

1 Rainfall forecasting performance for the first 6-h after assimialtion:

« POD score improvement under rainfall threshold of 0.1 mm, 5 mm, 10 mm, 15 mm, and
20 mm are up to 0.041, 0.078, 0.080, 0.079, and 0.075, respectively.

« CSI score improvement under rainfall threshold of 0.1 mm, 5 mm, 10 mm , 15 mm, and
20 mm are up to 0.036, 0.057, 0.048, 0.045, and 0.040, respectively.

« ETS score improvement under rainfall threshold of 0.1 mm, 5 mm, 10 mm , 15 mm, and
20 mm are up to 0.036, 0.057, 0.047, 0.044, and 0.039 , respectively.

Gong, Y., Liu, Z., Chan, P. W.,, & Hon, K. K. (2023). Assimilating GNSS PWV and radiosonde
meteorological profiles to improve the PWV and rainfall forecasting performance from the Weather
Research and Forecasting (WRF) model over the South China. Atmospheric Research, 286, 106677.
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L The Ocean and Land Colour Instrument (OLCI)

instrument aboard Sentinel-3 satellites: Sentinel-3 Satellite
Bands used in | 9 Absorption bands
OLCI near- « 019 (centered at 900 nm) T

infrared (NIR) | ° 020 (centered at 940 nm)

water vapor | O window band - @ =
retrieval « 018 (centered at 885 nm) i

nnnnnn

Spatlgl 300 m Picture source
resolution
around 4 days of global coverage OLCI
Temporal N )
: revisit time for one Sentinel-3
resolution

satellite. I
PWV RMSE: b K

Accuracy of raw: 310 10 4.44 ka/m? L
water vapor Ca\|,y5 3. Od’[_o2 .4 % m o b
measurements alibrated: 2.34 to 2.58 kg/m ,

SRAL antenna

(Xuand Liu, 2023a) | |  w« D,

_._% THE IHHONG KONG LaR SHE™ Picture source
Qz POLYTECHNIC UNIVERSITY

3 Ny N 12/30



https://www.google.com/url?sa=i&url=https%3A%2F%2Fsentinels.copernicus.eu%2Fweb%2Fsentinel%2Fmissions%2Fsentinel-3%2Finstrument-payload&psig=AOvVaw2LMiQgX_0i584eM2dUR5dW&ust=1680432487730000&source=images&cd=vfe&ved=0CA0QjRxqFwoTCMiZ0P7AiP4CFQAAAAAdAAAAABAn
https://www.google.com/url?sa=i&url=https%3A%2F%2Fspaceflight101.com%2Fcopernicus%2Fsentinel-3-instruments%2F&psig=AOvVaw2LMiQgX_0i584eM2dUR5dW&ust=1680432487730000&source=images&cd=vfe&ved=0CA0QjRxqFwoTCMiZ0P7AiP4CFQAAAAAdAAAAABAv
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O The Moderate Resolution Imaging Spectroradiometer
(MODIS) instrument aboard Terra satellite:

Bands used in
MODIS NIR
water vapor

retrieval

O Absorption bands:

* band 17 (centered at 905 nm)
» band 18 (centered at 936 nm)
* band 19 (centered at 940 nm)

0 Window bands
* band 2 (centered at 865 nm)
* band 5 (centered at 1240 nm)

Terra Satellite

MMMMM

MMMMMM

sssss Picture source

Spatial resolution

1 km

Accuracy of
water vapor
measurements

Temporal 1-2 days of global coverage revisit
resolution time
PWV RMSE:

« Raw: 10.95 kg/m?
« Calibrated: 4.90 kg/m?

(Xu and Liu, 2023b)
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https://www.nasa.gov/mission_pages/terra/spacecraft/index.html
https://commons.wikimedia.org/wiki/File:MODIS_sensor.png

Design of WRF data
assimilation experiment
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WRF scheme Data assimilated

38°N 1

- 5 % o)

. > TPy dyd *:

Z A P L i
N\

..............

WRF_NoDA i

32°N +...| e LY,

esssede®

WRF+OLCI_Raw OLCI raw PWV

WRF+OLCI_Cal OLCI calibrated PWV

26°N

WRF+MODIS_Raw MODIS raw PWV

WRF+MODIS_Cal MODIS calibrated PWV

WRF+OLCI+MODIS_Cal

Both OLCI calibrated
PWV and MODIS
calibrated PWV

14°N Ty R '-: ......
104°E 112°E 1T20°E 128°E
g — B =

0O 500 1000 1500 2000 2500 3000
Terrain elevation (m)

« Raw PWV: PWV from official product
« Calibrated PWV: PWV calibrated using
the method proposed by Xu and Liu

O Two two-way WRF nested domains
Q Grid spacing
« Domain 01 (D01): 15 km

« Domain 02 (D02): 3 km
O 36 vertical levels

(2023a) & Xu and Liu (2023b)

O Two short-term WRF forecasts during a
heavy rainfall event: May 20 to 21, 2020 at
Guangzhou area:

« 03UTC to 24 UTC May 20, 2020

« 03UTCto24 UTC May 21, 2020
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assimilated for May 20 to 21, 2020 ~ *tRERRERRES
O o (b) OLCI caiibrated PWY

#of PWV: 214 Ave. PWV: 32.6 kg/m? # of PWV: 230 Ave. PWV: 28.4 kg/m?

el .

« OLCI and MODIS
PWV were mainly
located at the north
part of inner domain

220N 4 .;................. .

109°E 13°E 117°E 121°E 109°E 113°E M7°E 121°E

(c) MODIS raw PWV (d) MODIS calibrated PWV

#of PWV: 212  Ave. PWV: 26.2 kg/m #of PWV: 403 Ave. PWV: 25.1 kg/m? | ® Mean Value Of
P ¥ dnne s P e L ey : '
31°N —‘.’ﬂ \QS ﬂwf,,) Cal I brated PWV IS

lower than that of raw
PWV.

109°E 13°E 17°E 121°E 109°E 1M13°E M7°E 121°E

0 4 8 12 16 20 24 28 32 36 40
PWV (kg/m?) 15/30




WRF PWV vs GNSS PWV
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RMSE and RMSE reduction (1/4)

U RMSE and RMSE reduction of WRF PWV

—=— WRF_NoDA —s=— WRF+OLC| Raw --+- WRF+OLCI Cal

4.0 OLCI
£ Maximum/Average PWV
W 3.4 RMSE reduction
= 32

3.0 WRF scheme Max./ Ave.
< 15 reduction
= 10 |
§ 7.2% /
5 ] +
g 2 WRF+OLCI_Raw 16%
2 51 ’ 4.5% |
= o 1 3 5 7 9 11 13 15 17 19 21 WRF+OLCI—CaI 0.19%

Hours after assimilation (h)
v RMSE of WRF PWV *after assimilation
J{ET\(J{;;‘E’: [E\},é_l’};:lkj UINIVLERIII I 16/30
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RMSE and RMSE reduction (2/4)

U RMSE and RMSE reduction of WRF PWV

—s— WRF_NoDA —s— WRF+MODIS Raw --+- WRF+MODIS Cal MODIS

4.0 -
< 381 Maximum/Average
;‘Eif} PWV RMSE reduction
% 3:2

3.0 WRF scheme Max./ Ave.
< 15 reduction
= 0] P
5 9.0% /
3 i +
: 2 L A s WRF+MODIS Raw 2 704
g -5- 8.3% /
e w7 % & WRFEMODIS Cal Lo,

Hours after assimilation (h)
v RMSE of WRF PWV *after assimilation
;ﬂ;\(){g}lﬁ; [E{\},:I%L’: ITCU UNIVERDIITI I 17/30
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RMSE and RMSE reduction (3/4)
JRMSE and RMSE reduction of WRF PWV

—=— WRF_NoDA —s— WRF+OLCI+MODIS_Cal

OLCI+MODIS
Maximum/Average PWV
RMSE reduction
Max./Ave.
reduction |

WRF+OLCl+ 7.1% |
MODIS Cal 1.9%

WRF scheme

1 3 5 7 9 11 13 15 17 19 21
Hours after assimilation (h)

** RMSE of WRF PWV *after assimilation
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RMSE and RMSE reduction (4/4)

U RMSE and RMSE reduction of WRF PWV

—=— WRF_NoDA —=— WRF+OLCI_Raw --+- WRF+OLCI_Cal MaX|mum / Average
—s— WRF+MODIS_Raw -+- WRF+MODIS_Cal —s— WRF+OLCI+MODIS_Cal
PWV RMSE
4.0 .

T 38 reduction
=251 Max./Ave
el WRF scheme N
= 32- reduction
— WRF+OLCI_Raw  7.2%/1.6%
5 10- WRF+OLCI_Cal  4.5%/0.1%
2 0 WRF+MODIS_Raw  9.0% / 2.7%
8 51 WRF+MODIS_Cal  8.3%/1.7%
= -10

1 3 5 7 9 1 13 15 17 19 21 WRF+OLCI+MODIS
Hours after assimilation (h) Cal

7.1% /1.9%

** RMSE of WRF PWV *after assimilation
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dmean bias and standard deviation (STD) of
PWV difference between WRF and GNSS

—s— WRF_NoDA —s— WRF+OLCl| Raw --+- WRF+OLCI Cal OLCI
Average STD of PWV
difference between WRF
and GNSS
| Ave.
- WRF scheme STD
| (kg/m?)
| WRF_NoDA 3.42
ol NN WRF+OLCI_Raw 3.36
1 i ° ' HourssJ after1;ssim‘|i|32‘ation1(f1) v WR F+O I—C I_Cal 340

U

% STD of PWV difference between WRF
and GNSS * after assimilation 20/30




WRF PWV vs GNSS PWV
Bias and STD (2/4)
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L mean bias and standard deviation (STD) of
PWYV difference between WRF and GNSS

—=— WRF_NoDA —=— WRF+MODIS Raw --+- WRF+MODIS Cal
0.5

0.0 1
-0.5 1

Mean Bias (kg/m?)

MODIS
Average STD of PWV
difference between WRF
and GNSS

Ave.
WRF scheme STD
(kg/m2)

WRF_NoDA 3.42

1 3 5 7 9 1 13 15 17 19 21
Hours after assimilation (h)

U

WRF+MODIS Raw  3.31

WRF+MODIS Cal  3.32

% STD of PWV difference between WRF
and GNSS * after assimilation

21/30



WRF PWV vs GNSS PWV @
Bias and STD (3/4)
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L mean bias and standard deviation (STD) of
PWV difference between WRF and GNSS

Mean Bias (kg/m?)
S
()]

—=— WRF_NoDA —s=— WRF+OLCI+MODIS_Cal

OLCI+MODIS
Average STD of PWV
difference between WRF
and GNSS

Ave.
STD
(kg/m?)

WRF scheme

WRF_NoDA 3.42

5 7 9 1 13 15 17 19 21
Hours after assimilation (h)

U

WRF+OLCI+

MODIS_Cal 3.29

% STD of PWV difference between WRF
and GNSS * after assimilation
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Bias and STD (4/4) PolyU Micro-LARGE

L mean bias and standard deviation (STD) of
PWV difference between WRF and GNSS

—=— WRF_NoDA —=— WRF+OLC| Raw -+- WRF+OLCI_Cal
—— WRF+MODIS Raw --+- WRF+MODIS Cal —=— WRF+OLCI+MODIS Cal Average STD Of PWV
T 05T difference between WRF
z el and GNSS
c-10] N Ave. STD
g 15 | I I I | | ! | ! | I WRF SCheme (kg/mZ)
< el © WRF_NoDA 3.42
g | WRF+OLCI_Raw 3.36
= 3,
b 3.2+ \ ‘ WRF+OLCI _Cal 3.40
TS 5 7 5 h B 15 1 19 o WRF+MODIS Raw 3.31
Hours after assimilation (h) —
WRF+MODIS_ Cal 3.32
WRF+OLCI+MODIS C

% STD of PWV difference between WRF N 3.29
and GNSS * after assimilation 53730




WRF vs meteorological stations rainfall csswerer . o ceonrormancs

observations for whole inner domain  F**EAERRES
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(a) WRF_NoDA (b) WRF+OLCI_Raw .
- L M H - . m Hn | 12-h accumulated rainfall
_ é .7\% 0.5% 0.5% _ ; .2\% 0.5% 0.4% e N: no rainfall (Ol mm)
ol 624|151 %N (TR R 16.% .{% 41% |« L: light rainfall (0.1 to 10 mm)
5 =12% 2&/0\0.7%\2{% g =11% 2!43/0\0.8%\23% * M: moderate rainfall (10 to 20 mm)
= 05% 32% 18% 33  =04% 31% 18% 364 |* H:heavy rainfall (> 20 mm)
S J S J
(c) WRF+OLCI_Cal (d) WRF+MODIS_Raw |~~~ "7 TTTooTTo Toooosm oo }
~N L M H = . v u | WRFoverall rainfall success rate!
MBS~ 0% 06% 05% X 4% 0.7% 0.3% | |
c \ c ~ | :
5 < L 3% 42% 5 [0 B 3% 4.2% | WREF scheme Success rate |
%20.8% 2.5% 0.9% 2.1% 221.0% 28% 0.5%N2.1% | WRE NoDA 59 5% |
E 0, 0, \ \0 E 0, 0 \ () \0 : — :
= 04% 3.0% 1.4%\3.5/0\, = 0.5% 3.1% 1M\3.5A)i WRF+OLC|_R&W 602%' i
~ ~
| |
(€) WRF+MODIS_Cal (f) WRF+OLCI+MODIS_Cal | WRF+OLCI_Cal 60.1% |
| |
Y L M H = L M H 1 WRF+MODIS Raw 59.7% # |
L~ 2% 0.8% 0.3% QL 43% 0.7% 0.5% | = |
c c 0
g __t{% 46% 2 JMWS\B% e i WRF+MODIS_ Cal 59.4% ¥ i
5= 10% 2%% 0892 1% == 11% 2% 079 33% | WRF+OLCI+MODIS_Cal 60.1% & |
= ~ = ~ I |

£ 05% 3.0% 1%% 33N = 04% 31% M™N% 35K ————--—----oo oo o oo oo
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WRF vs meteorological stations’ rainfall
observations for Guangzhou area

(a) WRF_NoDA
—- N L M H
2 \2{/0 05% 0.7%

- \@%

< 1.4% 30%\1 9% % J%

Met. station
Met. station

= 1.0% 3.6% 2.8% 103%
~)
(c) WRF+OLCI_Cal

& L M H
N1.9% 0.7% 0.7%

Met. station
Met. station

S 1.0% 38% 2.4%36.5%
N \
T 0.7% 3.1% 29% 10.8%
~
~)
(e) WRF+MODIS_Cal
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(b) WRF+OLCI_Raw
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(d) WRF+MODIS_Raw
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(f) WRF+OLCI+MODIS_Cal |
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|
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N
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DEPARTMENT OF
LAND SURVEYING AND GEO-INFORMATICS

T EREERER
PolyU Micro-LARGE

L 12-h accumulated rainfall

* N: no rainfall (0.1 mm)

« L: light rainfall (0.1 to 10 mm)

* M: moderate rainfall (10 to 20 mm)

* H: heavy rainfall (> 20 mm)

» Guangzhou area: within 500 km to
Guangzhou

H _

—_—————e——,ee—e— e —

|
WRF scheme Success rate i
WRF_NoDA 42.6%
WRF+OLCI Raw 42.8% 4 |
WRF+OLCI_Cal 43.3% #*
WRF+MODIS_Raw 43.1% B |
WRF+MODIS_Cal 41.6% ¥
WRF+OLCI+MODIS Cal  43.5% # |



WRF rainfall forecast score (1/2) (.SE,\
— for whole inner domain

TRl ERMBERER
PolyU Micro-LARGE

O The 12-h accumulated (the first 12 h after data assimilation) rainfall forecast skill scores
for the whole inner domain for May 20 and 21, 2020.

BN \WRF NoDA BN \WRF+MODIS_Raw
I \WRF_NoDA I WRF+OLClI Raw [ZZ1 WRF+OLCI_Cal BER WRF+OLCl Raw ZZJd WRF+MODIS Cal
B WRF+MODIS Raw FZ74 WRF+MODIS Cal I WRF+OLCI+MODIS_ Cal FZA WRF+OLC| Cal WEE WRF+OLCI+MODIS_Cal
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0.2 4

Rainfall forecast scores

0.0-
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o
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D Csl ETS

POD, CSI, and ETS
scores are improved by up

to 0.073, 0.036, and
0.036, respectively for 30
MM of rainfall threshold.

12-h accumulated rainfall threshold (mm) \ Y 26/30
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O The 12-h accumulated (the first 12 h after data assimilation) rainfall forecast skill scores

WRF rainfall forecast score (1/2)
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— for Guangzhou area

for the Guangzhou area (within 500 km to Guangzhou) for May 20 and 21, 2020.

B WRF+MODIS_Raw

[ WRF:OLCI Raw 74 WRF+MODIS_Cal

BN \WRF_NoDA

Bl WRF+OLCI_Raw [ZZ WRF+OLCI_Cal
B WRF+MODIS_Raw EZA WRF+MODIS_Cal HEl WRF+OLCI+MODIS_Cal

EEE \WRF_NoDA

HE \WRF+OLCI+MODIS_Cal

EZA WRF+OLCI_Cal
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WRF rainfall forecasting spatial (.SE,\>

pattern (|\/| ay 20, 2020) TR RBERBR
PolyU Micro-LARGE

(a) WRF_NoDA (b) WRF+OLCI_Raw (c) WRF+OLCI_Cal
T I T & 0 12-h (03 to 15 UTC) accumulated
z:: | rainfall pattern on May 20, 2020
22°N - =
' Correlation between WRF and
(d) WRF+MODIS Raw  (e) WRF+MODIS Cal (f) WRF+OLCI+MODIS Ca IMERG rainfall gnd
@ 3 & 3 @& & product/Meteorological stations
R R TR weesheme et
11(;)°E 115i°E 120°E 11(;)°E 11E;S°E 12é°E 11(;)°E 15°E 12(;°E WRF_NoDA 0.272/0.485
W i ek WRF+OLCI_Raw 0.293/0.478
| S L WRF+OLCI_Cal 0.292/0.458
25N P WRF+MODIS Raw  0.279/0.473
2N o WRF+MODIS_Cal 0.274/0.436

110°E 115°E 120°E 110°E 115°E 120°E
I —

WRF+OLCI+MODIS Cal 0.279/0.470

0.2 5 10 15 20 25 30 40 50 70 100
12-h accumulated rainfall (mm) 28/30



WRF rainfall forecasting spatial (ISG,)

pattern ( May 21, 2020) TR RBERBR
PolyU Micro-LARGE

(a) WRF_NoDA (b) WRF+OLCI_Raw  (c) WRF+OLCI_Cal
Z;: 4 - - | Q 12-h (03 to 15 UTC) accumulated
peon 1 rainfall pattern on May 21, 2020
20°N {o A g i
116°E e 12é°E 11(;)°E e 122)"5 11(;)°E e 122)°E Correlation between WRF and
(d)V\./RF+IV!ODISfRaw (€) V_VRF+I\:/IODIS._CaI (f) WRF+OLCI+MODIS _Cal IMERG rainfall gnd
g T g product/ Meteorological stations
R WREF scheme Correlation
T T IMERG/Met.
10°E 11é°E 20E 1O 11é°E 20°E  110°F HoE 120° WRF_NoDA 0.169/0.289
_OWERS & e WRF+OLCI_Raw 0.162/0.277
Mo, . WRF+OLCI_Cal 0.173/0.278
WRF+MODIS _Raw 0.168/0.310
WRF+MODIS_ Cal 0.167/0.273

T0°E 115°E. 120°E T1I0°E ‘HIS°E "120°E
I . . . B

WRF+OLCI+MODIS_Cal 0.166/0.304

0.2 5 10 15 20 25 30 40 50 70 100
12-h accumulated rainfall (mm) 20/30
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O PWV forecasting results:

«  WRF PWYV forecasting RMSE is reduced by up to 2.7%0 for the first 21 h after
assimilation

1 Rainfall forecasting success rate:

« For the whole inner domain: improved by 0.7%0 from 59.5% to 60.2%

« For Guangzhou area: improved by 0.9%0 from 42.6% to 43.5%
e Assimilation of both OLCI calibrated PWV and MODIS calibrated PWV has the

highest rainfall forecasting success rate for Guangzhou area.

1 Rainfall forecast skill score:

« For whole inner domain: improves POD by 0.073; CSI by 0.036; ETS by 0.036
« For Guangzhou area: improves POD by 0.116; CSI by 0.046; ETS by 0.046

Q THE HONG KONG
Q b POLYTECHNIC UNIVERSITY

FHEE TR 30/30
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é@' ating OLCI and MODIS NIR

calibrate Ipitable Water Vapor (PWV)
to Improve w bforecasting performance

Zhizhao Liu (X >f’wzhao Gong
Department of Land Surveyin Gegeinformatics

The Hong Kong Polytechnic Uf|

Email: Iszzliu@polyu.edu.hk &% ,
O

August 11, 2023
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LACS August 09 to 12, 2023, in Ningxia
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2023)r24 KONG
HONG KONG

PhD FELLOWSHIP SCHEME

Experience world-class academic programmes and
research opportunities in Asia's World City

Established in 2009 by the Research Grants Council (RGC), the
‘Hong Kong PhD Fellowship Scheme (HKPFS) aims at attracting
the best and brightest students in the world to pursue their PhD
programmes in Hong Kong’s universities.

The Fellowship Scheme will provide a competitive annual
stipend and conference and research-related travel allowance
per year up to three years. I \

‘ About the award

The Fellowship will provide a competitive annual stipend and




Fellowship Award

The Fellowship provides an annual stipend of HK$325,200

(approximately US$41,690) and a conference and research-related

travel allowance of HK$13,600 (approximately US$1,740) per year for
each awardee for a period up to three years. 300 PhD Fellowships will
be awarded in the 2023/24 academic year*. For awardees who need
more than three years to complete the PhD degree, additional support
may be provided by the chosen universities. For details, please
contact the universities concerned directly.

 HKS$ 325,200/year =~ US$ 41,690/year
~ US$ 3,470/month
 No tuition
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