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 Executive Summary

This is the fifth annual report issued by the Guy Carpenter Asia-Pacific Climate Impact Centre and covers the activities 
of the Centre in 2013.  During the year, we continued to work on various climate problems on spatial scales ranging 
from local, regional (the Asia-Pacific region) and global.  It can be seen from the 16 projects we worked on during 
the year that our research focused on understanding the physical processes that are responsible for the variations 
of different weather phenomena, the interactions among various scales of atmospheric circulation as well as climate 
prediction and projection.  With the addition of colleagues working on air pollution, we have been expanding our 
efforts in studying how local and regional air pollution can affect local and regional climate, both from measurements 
and modeling perspectives.

The report is divided into four sections.  Section A focuses on tropical cyclone formation and landfall intensities. The 
first study examines the interdecadal change in frequency of South China Sea cyclone formation and the second 
indicates a possible decrease in landfall intensity in Guangdong but an increased intensity in Zhejiang province.  
Section B contains studies focusing on global circulation, including the influence of El Nino on tropical cyclone 
formation and the variability of regional precipitation over China.  Section C examines predictability of rainfall in China 
and of daily air quality.  Section D contains studies related to air quality in China.

As in the past, the main results from each of the projects are briefly described in this report.  The papers produced 
from these projects are available either from the CD attached to the report or from our website.
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 I. Introduction

The Guy Carpenter Asia-Pacific Climate Impact Centre was established in June 2008.  Since 2009, we have been 
issuing annual report that describes our activities during the year, and this is our fourth annual report that describes 
the activities of the Centre in 2012.  During the year, we continued to work on climate problems related to the Asia-
Pacific region as well as those on a global scale, with a total of 16 projects.  For each project, we present in this report 
a brief description of the main results for the reader to have a quick introduction of the subject.  Further details of each 
project can be found in the list of publications.  A copy of each of the publications is included in the CD attached to 
the report and is also available online at http://www.cityu.edu.hk/gcacic/reports.htm

We hope that this report will provide the reader of an overall picture of the activities of the Centre. Suggestions and 
comments on the projects are most welcome.

 II. Research Projects

A. Tropical Cyclones

A1. Interdecadal change in South China Sea tropical cyclone frequency
(PI: Wen ZHOU)

In comparison with the North Indian Ocean (NIO) sea surface temperature 
(SST) and the Pacific decadal Oscillation (PDO) index, the Zonal SST 
gradient (ZSG) index, defined as the SST difference between the NIO 
(5–20°N, 60–100°E) and the Western North Pacific (WNP: 5–20°N, 
125–180°E), shows the most coherent signals with South China Sea 
(SCS) cyclogenesis at both interannual and interdecadal time scales (See 
Figure 1). Associated with a positive ZSG (warmer NIO and cooler WNP), 
anomalous easterlies were observed to develop over the tropics, which 
in turn induce an anomalous subsidence and boundary-layer divergence 

over the SCS as a result of the Ekman pumping process, further suppressing the moisture as well as MJO activity over 
the SCS during inactive periods 1979–1993 and 2003–2010. In contrast, a negative ZSG induces surface westerlies 
and favorable environmental conditions, thereby greatly enhancing SCS cyclogenesis during 1994–2002.  For more 
details, please refer to Li et al. (2014).

Figure 1. Standardized time series of the original (bar chart) and 10-year low-pass filtered (dashed lines) June–
August (a) SCS TC frequency, (b) PDO index, and (c) ZSG between NIO and WNP during 1979–2010. The TC time 

The interdecadal change in 
South China Sea tropical 
cyclone frequency is related to 
the sea-surface temperature 
difference between the North 
Indian Ocean and the western 
North Pacific.
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series shows a significant negative correlation of -0.52 and -0.83 with ZSG at both interannual and interdecadal time 
scales, while correlates weakly with the PDO index (interannual and interdecadal correlations = -0.063 and -0.068 
respectively) 

Reference:

Li, R. C. Y., and W. Zhou, 2014: Interdecadal change in South China Sea tropical cyclone frequency in association with 
zonal sea surface temperature gradient. J. Climate. (under review)

A2. Variability of tropical cyclone intensity at landfall along the coast of China
(PI: Johnny CHAN)

This study examines the variability of tropical cyclone (TC) intensity 
at landfall along the coast of China during the period 1960-2012.  
The damage associated with the winds may be measured as the 
power dissipation index (PDI), which is defined as the cube of the 
maximum sustained wind speed at landfall.  The annual PDI for an 
area is then calculated as the sum of the PDI of each TC making 
landfall at that area.  Thus, the annual PDI depends not only on 
the number of landfalling TCs but also their intensities at landfall.  The return period of a landfalling severe typhoon 
(maximum 10-minute mean wind ≥ 81 knots) is also calculated based on the Gumbel distribution.  The return periods 
in the two sub-periods (1960-1985 and 1986-2011) are compared to obtain the possible change in its frequency of 
occurrence.

The annual PDI shows a significant decreasing trend for Guangdong province (significance level: 0.01) but an increasing 
trend for Zhejiang province (significance level: 0.1) and no significant trend is found for Fujian province (See Figure 2).  
Based on the data from 1960 to 2011, the return periods of a landfalling severe typhoon in Guangdong, Fujian and 
Zhejiang provinces are 6.4, 9.4 and 10.1 years respectively (See Table 1).  The return period for Guangdong province 
increases from 4.6 years in the first sub-period to 10.0 years in the second sub-period, which is consistent with the 
decreasing trend of annual PDI.  A similar increase in return period (from 7.9 years to 11.3 years) is also found for Fujian 
province but the magnitude is smaller.  A significant decrease in return period (from 14.7 years to 7.6 years) is observed 
for Zhejiang province.

This study shows a possible 
decrease in tropical cyclone landfall 
intensity in Guangdong province but 
an increase in Zhejiang province.
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Figure 2. The annual variations of PDI in (a) Guangdong (b) Fujian and (c) Zhejiang provinces.  The black lines are their 
linear trend.  (Unit: 105 knot3). 

1960-2011 1960-1985 1986-2011

Guangdong 6.4 4.6 10.0

Fujian 9.4 7.9 11.3

Zhejiang 10.1 14.7 7.6

Table  1. The return periods of a landfalling severe typhoon (Unit: years).

B. Global Circulation

B1. Moisture supply over China
(PI: Wen ZHOU)

Associated with the different climate over the two regions, great discrepancies 
appear in the annual cycles of the moisture supply. Stationary moisture transport 
dominates externally imported moisture to a large extent, with transient 
transport being much weaker. The stationary moisture sink over southeast 
China is strong during spring and summer due to strong moisture input via the 
southern boundary and weak during fall and winter due to the offset between 
the output via the southern boundary and the net zonal boundary atmospheric 
flux. Zonal stationary moisture transport dominates the variation in moisture 
supply over southwest China. Negative net zonal boundary atmospheric flux 

(a)

(b)

(c)

The variation in regional 
precipitation over 
southeast and southwest 
China depends strongly 
on externally imported 
moisture rather than local 
evaporation.
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countervails (collaborates) with positive meridional transport during the dry (wet) season (See Figure 3). For more 
details, please refer to Li et al. (2013).

Figure 3. Regressed vertical integral of seasonal stationary water vapor flux anomaly (vectors) and its divergence 
(shading) based on the regional atmospheric moisture convergence over (left) southeast China and (right) southwest 
China in (a),(b) spring, (c),(d) summer, (e),(f) autumn, and (g),(h) winter. The black vectors represent the moisture fluxes 
significant at the 95% confidence level. 

Reference:

Li, X.Z., W. Zhou, C. Y. Li, and J. Song, 2013: Comparison of the annual cycles of moisture supply over southwest and 
southeast China. J. Climate. 26, 10139-10158
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B2. Influences of the Pacific-Japan teleconnection on WNP synoptic-scale variability
(PI: Wen ZHOU)

The PJ pattern exhibits salient intraseasonal variations, with dominant 
peaks at 10–20 days and 20–50 days. During positive PJ phases, 
strengthened SSV is found in the WNP, with a much stronger and better-
organized synoptic wave train structure. Such a synoptic-scale wave train, 
however, is greatly weakened during negative PJ phases. Examination of 
the vertical profiles of the observational data suggests that environmental 
parameters are generally more (less) favorable for the growth of synoptic 
disturbances under positive (negative) PJ conditions (See Figure 4). For 
more details, please refer to Li et al. (2014).

Figure 4. Composites of 10–50-day filtered geopotential height (contours, m; values over 95% confidence are 
shaded) and wind (vectors, ms-1; only values over 95% confidence are shown) anomalies for positive PJ phases at (a) 
850 hPa, (b) 500 hPa, and (c) 200 hPa. (d), (e), and (f) are the same as (a), (b), and (c), except for negative 10–50-day 
filtered PJ phases. 

Reference:

Li, C.Y., W. Zhou, and T. Li, 2014: Influences of the Pacific-Japan teleconnection pattern on synoptic-scale variability 
in the western North Pacific. J. Climate. 27, 140-154

This study investigates the 
influences of the Pacific-Japan 
(PJ) teleconnection pattern on 
synoptic-scale variability (SSV) 
in the Western North Pacific 
(WNP).
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B3. Remote forcing from the two types of El Niño
(PI: Wen ZHOU)

B3.1 The warm pool El Niño-related large-scale circulation anomalies and tropical cyclone genesis over 
the South China Sea 

The distinctly different atmospheric teleconnection patterns related 
to the CT and WP El Niño over the SCS are responsible for these 
relationships. CT El Niño can induce anticyclone anomalies over the 
SCS and the western tropical Pacific WP. However, WP El Niño can 
result in dipolar patterns with anticyclone anomalies over the SCS 
and cyclone anomalies over the western tropical Pacific WP at low- 
and mid-level. These WP El Niño-related large-scale circulation 
anomalies enlarge the low-level northerlies over the SCS. This in 

turn enhances the vertical wind shear and thus suppresses TC genesis over the SCS (See Figure 5).  For more details, 
please refer to Wang et al. (2014).

Figure 5.  Squared wavelet coherence between the SON TC genesis over the SCS and the WP Niño index. Thick 
contours enclose the areas with correlations statistically significant at 95% confidence level against red noise. 
Semitransparent areas indicate the ‘cone of influence’ where the edge effects become important. The relative phase 
relationship is shown as arrows, with in-phase pointing right and anti-phase pointing left. 

Reference:

Wang X., W. Zhou, C.Y. Li, and D.X. Wang, 2013: Comparison of the impact of two types of El Niño on tropical cyclone 
genesis over the South China Sea. Int. J. of Climatol., doi: 10.1002/joc.3865.

This study examines the impact of 
the cold tongue (CT) El Niño and the 
warm pool (WP) El Niño on tropical 
cyclone (TC) genesis over the South 
China Sea (SCS) from 1965 to 2010.
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B3.2 Remote forcing of cold-tongue (CT) and warm-pool 
(WP) El Niño on water vapor transport and moisture budget 
over East China 
The moisture transport via the southern boundary plays a crucial role 
in the regional moisture budget anomalies and it is located nearly the 
surface over Southeast China, lower troposphere over the Yangtze 
River valley and the lower-middle level over the eastern North China 
(See Figures 6 and 7). For more details, please refer to Li et al. (2014).

Figure 6.  Partial regression of seasonal water vapor transport via each boundary and regional moisture budget 
based on the winter NCT index. (a) SUM (0), (b) AUT (0), (c) WIN (0), (d) SPR (+1), and (e) SUM (+1).

Figure 7.  Same as Figure 6, but for DJF NWP index. 

The divergence of the meridional 
moisture transport dominates the 
total abnormal moisture divergence 
over East China with the zonal 
one showing opposite pattern and 
smaller magnitude. 
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Reference:

Li, X.Z., W. Zhou, C. Y. Li, and J. Song, 2014:  Water vapor transport and moisture budget over China: Remote forcing 
from the two types of El Niño. J. Climate. (under review)

C. Modeling and Prediction

C1. Improving the seasonal forecast for summertime South China rainfall using statistical 
downscaling

(PI: Francis TAM)

Nowadays, major operational centers rely on general-circulation-model 
based dynamical systems to predict short-term climate variations 6 months 
or more ahead. Forecasting products from these models, however, have 
rather coarse horizontal resolution (typically 100km x 100km) and cannot be 
directly used for location applications. To “increase” the spatial resolutions of 
climate model products, statistical downscaling techniques are commonly 
employed. This study investigates the use of a “pattern-based” statistical 
downscaling technique for predicting South China (SC) rainfall during boreal 
summer (JJA season), based on seasonal climate prediction products 
from the multi-model ensemble (MME) of the APEC Climate Center. It 
includes 11 climate models from Meteorological Service of Canada, Korea 
Meteorological Administration, the Meteorological Research Institute of 
the Nation Institute of Meteorological Research, Seoul National University, 
Central Weather Bureau in Taiwan, and the Predictive Ocean-Atmosphere 

model for Australia of the Bureau of Meteorology Research Centre, the coupled general circulation model of the 
Beijing Climate Center, the Pusan National University CGCM, and the NCEP Coupled Forecast System. First, from 
observations, it was established that the SC precipitation is strongly related to a variety of broad-scale sea level 
pressure (SLP) variation patterns over Southeast Asia, western north Pacific and part of the Indian Ocean, using the 
singular value decomposition analysis (SVDA) (figures not shown).

The same SVDA was then applied to study the co-variability between model hindcast SLP and observed station 
precipitation. Analogous results between simulated SLP and rainfall were also found, thus establishing the linkage 
between model outputs and station-scale precipitation. Such a relationship can then be exploited for seasonal 
forecasting of SC rainfall at each station location. The prediction skill from this statistical scheme was compared to that 
for raw model rainfall forecasts. Figure 8 gives the improvement brought about by such a statistical method, relative 
to the skill from raw model products, for each individual model as well as the MME mean. Very obvious improvement 
can be found over the more inland part of central to western SC (see dots with colors). Further investigation indicates 
that the enhanced prediction skill is related to the ability of the statistical scheme to correct model rainfall biases in that 
localized region. This is possible because the statistical downscaling scheme relates the large-scale SLP patterns with 
the station-scale rainfall- models tend to better predict the broad-scale SLP than the localized precipitation, which 
turns out to be advantages for re-capturing the rainfall variations for some locations. Overall, our scheme is able to 
utilize the untapped predictability in the dynamical models to improve the seasonal rainfall forecasts in SC.

Floods and droughts are a 
cause of serious social and 
economic losses in China. 
Predicting precipitation over 
the monsoon China region, 
however, is still a great 
challenge for global climate 
models. Here a method of 
enhancing the seasonal 
rainfall prediction skill for 
the South China locations is 
presented.



13

Figure 8. Correlation coefficient difference between JJA mean predictions based on statistical downscaling and 
those from direct model outputs, for (a) BCC, (b) CWB, (c) GCPS, (d) GDAPS, (e) MSC-GM2, (f) MSC-GM3, (g) MSC-
SEF, (h) NCEP, (i) NIMR, (j) PNU, (k) POAMA, and (l) the MME average. 

Reference:

Tung, Y.L., C.-Y. Tam, S.-J. Sohn and J.-L. Chu, 2013: Improving the seasonal forecast for summertime South China 
rainfall using statistical downscaling, J. Geophys. Res., 118, 1-13, doi:10.1002/jgrd.50367, 2013.
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C2. Forecasting daily air quality in Hong Kong using a hybrid statistical-dynamical approach
(PI: Francis TAM)

One approach for predicting the local air quality 
is through the use of Chemical Transport Models 
(CTM), which are able to simulate the atmospheric 
physical and chemical processes. However, 
substantial effort is needed to “tune up” such 
models, and simulating the detailed meteorology- 
to which the CTM results are sensitive- in complex 
terrain and/or highly urbanized regions is very 
challenging. Here a hybrid statistical-dynamical 
model has been developed for predicting the next-
day air quality for Hong Kong. In this approach, 
generalized additive models (GAMs) linking air 
pollutant concentrations with meteorological data 
were first constructed, based on observations at 
urban (including Sham Shui Po, Western District, 
Eastern District and Kwun Tong) and sub-urban sites (Tung Chung) provided by the Environmental Protect Department 
and meteorological measurements from nearby stations from the Hong Kong Observatory, during the 2000-2009 
period. GAMs were then combined with weather predictions from either (1) Global Forecast System (GFS) products or 
(2) dynamically downscaled GFS results using WRF (GFS-WRF) to give local air quality forecasts. 

Verification results indicate that robust statistical relationships exist between air pollutant concentrations and the local 
weather conditions. Furthermore, dynamical weather forecast products combined with GAMs indeed can provide 
very encouraging next-day air quality forecasts. Daily mean values of the Air Pollution Index (API) predicted from such 
models were compared with observations, and results are shown in Figure 9. The R2 values of GFS and GFS-WRF-
based API predictions are 0.27 to 0.35 in sub-urban, and 0.39 to 0.47 in urban areas, respectively. It was found that, in 
general, downscaled weather forecasts from GFS-WRF combined with GAMs give better results than those based on 
GFS products. The Hit Rate (False alarm Ratio) for categorical forecasts of events with daily API>100 given by GFS-WRF 
is also higher (lower) than that using GFS only (figure not shown). The improvement is mainly due to better predictions of 

wind speed when WRF 
is implemented. Overall, 
our results indicate 
that the statistical-
dynamical model may 
be considered as a 
useful tool for air quality 
prediction for urban 
and sub-urban sites in 
Hong Kong.

Figure 9. Scatter plots 
of API from (a,d) perfect 
meteorology validation, 
(b,e) GFS and (c,f) GFS-
WRF vs. observed API 

Air pollution is one of the biggest environmental 
problems in cities throughout the world. The 
bloom of global industrialization and rapid 
urbanization in cities have caused a large amount 
of air pollutants to be released into the environs. 
Accurately predicting the local air quality and 
timely dissemination of such information to 
the public is thus of great importance. Here a 
hybrid statistical-dynamical approach for air 
quality prediction for Hong Kong is presented. 
This approach requires only the local weather 
forecasts as input and is computationally efficient.
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C3. Modeling of stratospheric-tropospheric exchange (STE) by using the community 
multiscale air quality model (CMAQ) 

(PI: Nicky LAM)

In this study, the GEOS-Chem global chemical transport model coupled 
with the Community Multiscale Air Quality model (CMAQ) version 4.7.1 
was used to evaluate the contribution of ozone (O3) from the stratosphere. 
The chemical downscaling technique (Lam et al., 2010) was applied to 
achieve detailed O3 air quality in a fine resolution. The new vertical velocity 
using the omega calculation in WRF has been adopted from version 5.0 of 
CMAQ to improve the simulation of vertical mixing of O3. The impacts of 
vertical layer structure have been investigated under three different layer 
structures (i.e., 14, 24, and 34 layers) in the Continental United States 
(ConUS) domain, largely due to the fact that more observational data is available.  Figure 10 shows the difference 
between the present and absence of stratospheric ozone in April for three different layer structures.  These differences 
indicate that the O3 transport from the stratosphere is reaching the surface. It was found that there was an exceptionally 
high amount of surface O3 in the Western US when 14 vertical layers structure with the new vertical scheme was 
used, and less O3 was mixed down to the surface with the increase in number of layers.  The simulated surface ozone 
concentration compared with the regional ozone network indicated oversimplifying the vertical layer structure in 14 
layers has introduced an unrealistic amount of ozone from Stratospheric-Tropospheric Exchange (STE). The location 
where this high O3 is observed is consistently found at the high mountainous area in the Western US. In addition, it 
has been found that the distance traveled from the stratosphere to the surface is much shorter than other regions in 
the terrain-following sigma coordinate system.  In the other two cases, the increase of vertical layer structure to 24 and 
34 layers has shown an improvement over the 14 layers result when compared with surface observation.  The large 
difference - up to 8 ppbv - has been observed between the 24 and 34 layers in the high altitude areas.  Overall, better 
performance has been found in the 24 layers during the observation comparison.  It is clear that the layer structure in 
CMAQ strongly affects the ability of CMAQ to simulate the STE transport. 

Figure 10. Surface O3 concentration (in ppbv) from STE contribution in a) 14 layers, b) 24 layers, c) 34 layers vertical 
structure;  and d) the difference between 34 layers and 24 layers. 

Reference:

Lam, Y. F. and J. S. Fu (2010). Corrigendum to “A novel downscaling technique for the linkage of global and regional 
air quality modeling”. Atmos. Chem. Phys., 10, 4013-4031, doi:10.5194/acp-10- 4013-2010.

The study indicates that the 
number of layer structures 
in CMAQ plays an important 
role in the vertical transport 
mechanism. Choosing a 
correct layer structure is 
essential for this type of study.
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D. Air Quality 

D1. Black carbon mass size distributions of diesel exhaust and urban aerosols for climate 
forcing estimation

(PI: Zhi NING)

Black carbon (BC) is the dominant component of the light absorbing 
aerosols in the atmosphere, changing earth’s radiative balance 
and affecting the climate. The mixing state and size distribution of 
atmospheric BC are largely unknown and cause uncertainties in climate 
models. BC is also a major component of diesel PM emissions, recently 
classified by World Health Organization as Category I Carcinogen, and 
has been associated with various adverse health effects. This study 
presents a novel approach of direct and continuous measurement 
of BC mass size distribution by tandem operation of a differential 

mobility spectrometry and a refined Aethalometer. A condensation particle counter was deployed in parallel with 
the Aethalometer to determine particle number size distribution. A wide range of particle sizes (20 to 600 nm) was 
investigated to determine the BC modal characteristics in fresh diesel engine tailpipe emissions and in different urban 
environments including a typical urban ambient site and a busy roadside. The study provided a demonstration of a 
new analytic approach and showed the evolution of BC mass size distribution from fresh engine emissions to the aged 
aerosols in the roadside and ambient environments. The results potentially can be used to refine the input for climate 
modeling to determine the effect of particle-bound atmospheric BC on the global climate.

Figure 11. DMA-Aeth-CPC system for black carbon size distribution measurement.

This study presents a novel and 
efficient approach to measure 
the black carbon size distribution 
and made use of the method to 
identify the evolution of possible 
coating on black carbon from 
source to ambient.
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Figure 12. The particle number and black carbon size distributions from (a) fresh diesel engine emissions with BC 
peak at 120nm; and (b) roadside environment with BC peak at 200 nm.

Reference:

Ning, Z., Chan, K. L., Wong, K. C., Westerdahl, D., Močnik, G., Zhou, J. H., Cheung, C. S., 2013: Black carbon mass 
size distributions of diesel exhaust and urban aerosols measured using differential mobility analyzer in tandem with 
Aethalometer, Atmos. Environ., 80, 31-40,  doi: 10.1016/j.atmosenv.2013.07.037, 2013.

D2. Dispersive infrared spectroscopy using a Fabry–Pérot interferometer sensor for precise 
greenhouse gas measurement

(PI: Zhi NING)

We demonstrated the first dispersive infrared spectroscopic (DIRS) 
measurement of atmospheric carbon dioxide (CO2) using a new 
scanning Fabry–Pérot interferometer (FPI) sensor. The sensor  measures 
the optical spectra in the mid infrared (3900 nm to 5220 nm) wavelength 
range with full width half maximum (FWHM) spectral resolution of 78.8 
nm at the CO2 absorption band (~4280 nm) and sampling resolution 
of 20 nm. The CO2 concentration is determined from the measured 
optical absorption spectra by fitting it to the CO2 reference spectrum. 
Interference from other major absorbers in the same wavelength range, 

(a)

(b)

This study delivers a very 
promising method to measure the 
greenhouse gas concentration 
in the atmosphere with effective 
removal of interference from 
water vapor for long term and 
field deployment.
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e.g., carbon monoxide (CO) and water vapor (H2O) was taken out by including their reference spectra in the fit as well. 
The detailed descriptions of the instrumental setup, the retrieval procedure, a modeling study for error analysis as 
well as laboratory validation using standard gas concentrations are presented. An iterative algorithm to account for 
the non-linear response of the fit function to the absorption cross sections due to the broad instrument function was 
developed and tested. A modeling study of the retrieval algorithm showed that errors due to instrument noise can be 
considerably reduced by using the dispersive spectral information in the retrieval. The mean measurement error of the 
prototype DIRS CO2 measurement for 1 minute averaged data is about ±2.5 ppmv, and down to ±0.8 ppmv for 10 
minute averaged data. A field test of atmospheric CO2 measurements were carried out in an urban site in Hong Kong 
for a month and compared to a commercial non-dispersive infrared (NDIR) CO2 analyzer. 10 minute averaged data 
shows good agreement between the DIRS and NDIR measurements with Pearson correlation coefficient (R) of 0.99. 
This new method offers an alternative approach of atmospheric CO2 measurement featuring high accuracy, correction 
of non-linear absorption and interference of water vapor. 

Figure 13. Schematic diagram of the experimental setup of the dispersive infrared spectroscopy measurement. 

Figure 14. Example of a CO2 retrieval using the iterative 
algorithm. Fitting of the absorption cross sections (red 
curves) and the measured optical densities (blue curves) 
are shown for a) all absorptions, b) CO2, c) CO and d) H2O. 
Panel e) shows the residual of the fit. 
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A CO2 episode observed during the measurement period was 
analysis by the Hybrid Single Particle Lagrangian Integrated 
Trajectory (HYSPLIT) model. Result shows the air mass was 
recirculated in the region which indicates that the CO2 episode may 
result from the accumulation of local emissions. A pronounced 
bimodal CO2 diurnal profile was observed indicating the CO2 
concentration is mainly related to the increase in traffic load during 
the rush hours. 

Figure 15. Mean diurnal cycle of atmospheric CO2 measured by 
dispersive infrared instrument from 12th April 2013 to 11th May 
2013 

Figure 16. Time series of ambient CO2 measured by the dispersive infrared instrument (blue curve) and the commercial 
NDIR instrument (red curve) are shown in a). b) shows the temperature (blue curve) and relative humility (green curve) 
data. 10 minute averaged data are shown.

Reference:

Chan, K. L., Ning, Z., Westerdahl, D.,  Wong, K. C., Sun, Y. W., Hartl, A., Wenig, M. O., Dispersive infrared spectroscopy 
measurements of atmospheric CO2 using a Fabry–Pérot interferometer sensor, Science of The Total Environment, 
472, 27-35, doi: 10.1016/j.scitotenv.2013.10.105, 2014.
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D3. Impact of traffic volume and composition on the air quality and pedestrian exposure 
in Central, Hong Kong with application of on-road plume chasing and analysis system 
(OPCAS)

(PI: Zhi NING)

Exposure to particulate matter (PM) and nitrogen dioxide 
(NO2) has been linked with adverse health effects including 
aggravation of respiratory diseases and reduction in lung 
function. In order to investigate the exposure of the public to 
the traffic pollution, an experimental study was established 
in Central, one of the most developed business districts 
of Hong Kong. The experiment took place in summer and 
autumn 2013: on Wednesday 31 July, Saturday 3 August, 

Monday 27 October and Sunday 28 October. The study covered three very busy streets – Connaught Road, Des 
Voeux Road and Queen’s Road showed on the map below in Figure 17.

Figure 17. The experiment route. Dotted red line shows the mobile route, blue line shows the suitcase pedestrian 
route. The traffic count and composition were recorded in 9 points marked as AA1, AA2, AA3, BB1, BB2, BB3, CC1, 
CC2, CC3. 

Air quality data was collected with two sets of equipment to evaluate both on road and roadside pollutant  
concentrations. One set (mobile set) was the On-road Plume Chasing and Analysis System (OPCAS) that CityU has 
developed to follow the route described as red dash line in Figure 17. The other one (suitcase set) was placed in a 
suitcase which was rolled along the central roads of interest – Connaught Road, Des Voeux Road and Queen’s Road 
to simulate a pedestrian’s exposure to the pollutants while walking along the streets. Additionally, traffic counting 
was conducted during peak and off peak hours along the three targeted streets: Connaught Road Central (CRC), 
Des Voeux Road Central (DVRC) and Queen´s Road Central (QRC), each containing three points all marked above in  
Figure 17. 

This study uses previously developed 
mobile source emission test platform 
OPCAS to complement existing 
methodologies and provide real world 
emission information of on-road pollution.
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The results observed during the Central study showed a great consistency of the data at different weekdays and 
time of the day showing the relative traffic intensity and differential pollutants levels (See Figure 18). As can be seen, 
Connaught road exhibited far more vehicle numbers, approximately 10 times higher than Des Voeux and Queens 
Road, but did not directly correlate to high pollutant levels, especially on Des Voeux road. Both particle and gaseous 
pollutants showed much higher concentrations on DVRC and QRC compared with CRC. 

Figure 18. Traffic volume and fleet composition versus street level NOx and black carbon, particle number and PM2.5 
concentration in weekdays.

Different observations were made for Sunday traffic (See Figure 19). Total traffic reduced 45%, while BC and NOx 
reduced by 42% and 34% during the morning time accordingly. However, during the noon time, total traffic reduced 
only 4%, but BC and NOx reduced by 54% and 26%. Figure 20 explains the change of traffic composition during the 
noon periods, in which although there was similar total traffic volume compared with Monday but buses, cars and 
LPG vehicles increased while commercial diesel vehicles (vans, trucks) decreased at midday. The contrast of traffic 
volume and composition during morning and noon periods for Sunday and Monday showed the dominating pollution 
sources in Central areas may be both buses and commercial diesel vans/trucks, which had very good correlations 
with the pollutants levels, and at the same time, had differential contributions during different time of the day.
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Figure 19. Comparison of Monday and Sunday traffic pattern and on-road pollutants  
a) Sunday am  and  b) Monday am.

Figure 20. Difference in vehicle counts between Sunday and Monday period.
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The roadside primary particle pollutants (BC) were about 15-35% of on-road levels but roadside secondary pollutants 
(ultrafine particles, number) had similar levels as on-road pollutants, as seen in Figure 21. Roadside primary pollutants 
were found to reflect and to be directly correlated with on-road vehicle emission pollutants. It is likely that ultrafine 
particles were both directly emitted and also may come from secondary formation of particles in the roadside 
environments; these trends are shown in Figure 22. Particle dynamics in confined urban environments are very 
complex and may prove very important. Considering on-road versus road-side measurements, diesel vans/trucks are 
the dominant contributor during noon times. Roadside primary pollutants are directly correlated with on-road vehicle.

Figure 21. On road and roadside Black Carbon and ultrafine particle number by roadway segment.
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Figure 22. BC and CPC concentrations for on-road and roadside on different days (normalized units)

The success of the project will yield benchmark results and provide important insight of the primary emissions impact 
on the roadside and ambient air quality, as well as the identification of the additional sources of roadside and ambient 
air pollution. The information will be of great importance for the implementation of more targeted and cost-effective 
emission control and air quality management strategies targeting the relevant air pollution sources to improve the air 
quality in Hong Kong and to help meet the new proposed Air Quality Objectives.

Reference:

Agata Rakowska, Ka Chun Wong, Thomas Townsend, Chan Ka Lok, Dane Westerdahl, Simon Ng, Grisa Mocnik, Zhi 
Ning, 2013: Impact of traffic composition and street canyon on the street level air quality and pedestrian exposure in 
metropolitan city, Atmos. Environ. (submitted).

D4. Preliminary investigation of carbon dioxide isotopic composition measurement
(PI: Zhi NING)

Carbon dioxide (CO2) is the most dominant anthropogenic 
greenhouse gas and has increased significantly over the last two 
hundred years from a mixing ratio of ~280ppm in preindustrial 
times to current level of ~400ppm. One of the most important 
scientific questions in contemporary atmospheric research is the 
carbon cycles between sources and sinks, and the quantitation 

of carbon emissions and their differential contribution to increasing global carbon dioxide levels due to the radiactive 
forcing in driving the global climate change. A variety of techniques has been used to investigate the differential 
sources contributions, such as chemical method for source apportionment, top down emission inventory estimation 
etc. Among them, the most powerful approaches are the measurements of the carbon isotopes in CO2.

This study carried out preliminary 
investigation of the feasibility of 
carbon dioxide isotopic composition 
measurement for future studies.
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The carbon contained in CO2 has two naturally occurring stable isotopes denoted12C and 13C. Emissions of CO2 from 
coal, gas and oil combustion and land clearing have 13C/12C isotopic ratios that are less than those in atmospheric 
CO2, and each carries a signature related to its source. By examining the isotopic mixture in the atmosphere, and 
knowing the isotopic fingerprint of each reservoir, we can determine how much carbon dioxide is coming and going 
from each reservoir/source, making isotopes an ideal tracer of sources and sinks of carbon dioxide. This study carried 
out a preliminary investigation of the cavity ring down technology (LGR, Model 36d) for real time carbon dioxide 
isotopic ratio measurement. Figure 23 shows the stability of CO2 isotopic ratio measurement using standard gas 
(Linde, 420ppm CO2) and Figure 24 shows a typical diurnal pattern of CO2 concentrations and isotopic ratio. A clear 
bimodal distribution of CO2 concentrations shows the impact of traffic on the urban CO2 concentrations. At the same 
time, relatively flat distribution of the isotopic ratio indicates the consistent source and well mixing of the CO2 in urban 
environments. Further investigation will be carried out this year to study the episodic events and relation with the urban 
CO2 distributions.

Figure 23. CO2 stable isotopic ratio stability tests 

Figure 24. Diurnal pattern of CO2 concentration and stable isotopic ratio
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D5. Development of air pollution forecast modeling system in China
(PI: Nicky LAM)

In this study, an air pollution forecasting system was 
developed. Three-day air quality forecasts for Chinese 
cities were developed using the Community Multiscale Air 
Quality model (CMAQ) driven by the Weather Research 
and Forecasting Model (WRF), as shown in Figure 25.  The 
meteorological input was obtained from the Global Forecast System for the WRF simulation.  The output from 
the 2nd day of the WRF and CMAQ results was reported as the ‘next-day’ air quality forecast.  Sector specific  
emission inputs (2010-based) described in Fu et al. (2008) and Zhang et al. (2009) were applied through the 
Geographical Information System (ArcGIS) to produce top-down gridded emissions. In order to provide a timely 
method for handling the gridded emissions, a predefined 27km domain (shown in Figure 27) was used as a base 
domain, where gridded emissions were generated at a 3km resolution.  A slab-based approach was applied to 
manage the large dataset (i.e., ~2000 grid by ~2000 grid by 30+ pollutants) while a slab extraction tool was developed 
to crop out domain specific emissions (See Figure 26). This approach provides a flexible and efficient way to process 
gridded emission information for multiple domains. 

Figure 25. Flow Diagram of Modeling System

Air pollution forecasting system 
coupled with offline visualization 
tools was developed using WRF and 
CMAQ for Great China domain.
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Figure 26. Slab emission handler 

A visualization/decision-making tool was developed to support a forecast exercise for regional and local government.  
As shown in Figure 27, daily PM10 concentration (yellowish color) was displayed on a GIS map showing the regional 
distribution of PM10. Different color dots/boxes filled with values indicate the forecasted concentrations of PM10 at 
the monitoring stations; the colors correspond to the intensity of PM10.  By selecting a location on the map, a cross 
mark was added, and the corresponding hourly time-series was displayed at the bottom of the plot.  Pull down menus 
and toggle buttons were built to allow easy selection of location/domain (top bar), pollutant, time and layer (side bar).  
Figure 28 shows a station-specific report for the Shanghai region. The top part of the report displayed the names of 
all monitoring stations. By selecting one of the stations, a corresponding Air Quality Index (AQI) from forecast output, 
as well as measured AQI (only available if viewing previous day forecast) was displayed. Hourly diurnal AQI, wind rose 
and ranking of dominant pollutants were provided for references. In addition, statistical analysis and multi-pollutant 
time series for data interpretation were also provided (not shown).
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Figure 27. Data Visualization

Figure 28. Forecasted AQI Report

Reference:

Fu, J. S., C. C. Jang, D. G. Streets, Z. Li, R. Kwok, R. Park, Z. Han (2008). MICS-Asia II: Evaluating Gaseous Pollutants 
in East Asia Using An Advanced Modeling System: Models-3/CMAQ System, Atmos. Environ., 42, 3571–3583.

Zhang, Q., D. G. Streets, G. R. Carmichael, K. He, H. Huo, A. Kannari, Z. Klimont, I. Park, S. Reddy, J. S. Fu, D. Chen, 
L. Duan, Y. Lei, L. Wang+, and Z. Yao (2009). Asian emissions in 2006 for the NASA INTEX-B mission, Atmos. Chem. 
Phys. 9, 5131-5153.



29

D6. Impacts of 12th five-year plan (FYP) on summer ozone episodes in Hong Kong air quality 
simulations over Pearl River Delta (PRD)

(PI: Nicky LAM)

Ground-level ozone (O3) is a reactive air pollutant that causes 
human health problems. The acute response effects are 
reductions in lung function and increases in respiratory 
symptoms, airway reactivity, permeability, and inflammation. In 
Hong Kong, low ozone level is observed in summer, while high 
level is observed in spring and autumn. The difference can be 
accounted for by the change of monsoon circulation in summer 
and winter that affects the regional circulation of pollutant 
sources.  The number of high ozone days in summertime, 
however, has seen an increase in the last decade. The increase 
is related to a higher frequency of tropical cyclones entering the region of Eastern China. The northerly or northeasterly 
of the cyclonic flow when a tropical cyclone is near Taiwan can bring in high levels of O3 and its precursor (NOx and 
VOCs) from Mainland China to Hong Kong, possibly worsening the air pollution problem in the surrounding region.

During the 12th Five-Year Plan (FYP), the National Total Emission Control Program was implemented which aims to 
reduce air pollutant emission.  The level of SO2 has been significantly reduced in the 11th FYP (a decrease of 14.29% 
from 2006 to 2010). Reduction of NOx was also introduced in the 12th FYP. The reduction target of nationwide SO2 
and NOx are 8% and 10% respectively. The objective of the study is to examine the effect of the emission reduction 
policy under the 12th FYP on summer ozone episode days, and to investigate the efficiency of the program to reduce 
O3 episodes in Hong Kong during the time when a typhoon is approaching.  CMAQ v4.7.1 was employed to simulate 
the pollutant concentration of Hong Kong during five selected typhoon passages near Taiwan (See Figure 29). These 
five cases have caused elevated pollution level in Hong Kong in the respective period.

Figure 29. The five cases for simulation associated with typhoon-related pollution episodes.

The emission inventory of year 2010 is used for the base case simulation.  The change of emissions due to the 12th 
FYP have been applied to the base emission inventory on those five cases to examine the impact of the reduction plan 

The study qualifies the potential 
O3 reduction in Hong Kong due to 
the implementation of the 12th Five-
Year Plan. Our results indicate that 
the new Five-Year Plan cannot be 
regarded as an effective measure 
for reducing Hong Kong summer O3 
episodes.
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on the air quality of Hong Kong when a typhoon is approaching.  Figure 30 shows the O3 model output of a particular 
3km x 3km grid in Hong Kong. The decrease of O3 due to the 12th FYP emission reduction with respect to the base 
case is, at most, 8% in Case One and 13% in Case Two at the high peaks. It is clear that the 12th FYP reduction plan 
cannot be regarded as an effective measure to reduce the number of summer O3 episodes in Hong Kong.

Figure 30. O3 concentration for the five selected cases. Blue lines indicate the simulated O3 level using year 2010 
emission, and red lines indicate those using emission cut down by 12th FYP. The numbers above the peaks indicate 
the percentage change of O3 concentration from base case to “125” case.

In order to investigate the change in O3 concentration 
due to decrease of NOx emission, sensitive runs of 20% -  
50% of NOx reduction have been simulated for Case 1. 
The concentration differences at the peak events from the 
reduction scenarios are less than ±8% (~10 ppbv) (See 
Figure 31), which means the reduction of NOx in China 
may not give sufficient reduction of peak O3 in Hong Kong.

Figure 31. O3 concentration for Case 1. Different lines 
indicate different emission reduction levels (i.e., R20 is 
equal to 20% NOx reduction, etc.).

Solving the O3 pollution problem may require reduction of 
VOCs in China, which is not currently included in the 12th 
FYP. The impacts of climate change will continue to cause 
air pollution, at least for summertime.
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E. Climate Change

E1. Heat waves and East Asian jet streams
(PI: Wen ZHOU)

Two key domains in the upper level that are associated with 
HTE variation, the “exit” and the “tail” of the East Asian Jet 
Stream (EAJS), are identified. Poleward displacement of the 
exit is associated with warming tropospheric temperatures 
over East Asia and tends to be linked with high HTE frequency, 
while enhancement of the tail is associated with cooling 
tropospheric temperatures in the northern Pacific and tends 
to be linked with low HTE frequency (See Figure 32). For more 
details, please refer to Wang et al. (2013).

Figure 32. Correlations of HTE frequency in each station with (a) Exit1, (b) Tail1, and (c) CGTI. Green triangles represent 
stations above the 90% confidence level. 

Specifically, the frequency of summer hot spells is modeled by a Poisson distribution and their intensity to be 
modelled by a generalised Pareto distribution.  As for the hot spell duration, this is modelled through a geometric 
distribution.  Results show that the HSM permits realistic modeling of summer hot spells in China.  Trends in the 
frequency, duration, and intensity of hot spells were estimated based on the HSM for the observed period from 1960 
to 2008.  Furthermore, the performance of simulated hot spell characteristics and trends from CMIP5 historical run 
was accessed based on the HSM.  Climate models with good performance were selected to conduct an ensemble 
projection of hot spell intensity, frequency, and duration and their trends in future decades (See Figure 33).  For more 
details, please refer to Wang et al. (2014).

This study shows that high temperature 
extremes (HTEs) have received 
increasing attention due to their rising 
impacts on human mortality, regional 
economies, and ecosystems. Results 
show that the Hot spell model (HSM) 
permits realistic modeling of summer 
hot spells in China.
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Figure 33. Ensemble mean of estimated hot spell intensity in RCP4.5 (upper panels) and RCP8.5 (low panels) in 
2050s (left panels) and 2090s (right panels).

Reference:

Wang, W.W., W. Zhou, X. Wang, S.K. Fong, K. C. Leung, 2013: Summer high temperature extremes in southeast 
China associated with the East Asian jet stream and circumglobal teleconnection. J. Geophys. Res., 118, 8306–8319, 
doi:10.1002/jgrd.50633. 

Wang W. W., W. Zhou, Y. Li, X. Wang, and D. X. Wang, 2014: Statistical modeling and CMIP5 simulations of hot spell 
changes in China. Clim. Dyn. (under review)
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