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Chapter 5 AIR QUALITY ASSESSMENT
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Introduction

The air quality assessment of the Strategic Environmental Assessment (SEA) was
divided into two stages. The first stage evaluated the relative environmental merits
of each scenario generated during the Initial Model Runs based on an emissions
inventory which aggregated emissions across the SAR as a whole. The Stage I air
quality assessment indicated that air quality is likely to deteriorate overtime due
principally to increases in vehicle numbers and the current limitations of emission
control technologies.

The second stage comprised of two levels of assessment. During the first level, all
transport scenarios generated during the Main Model Runs are analysed on a district
by district basis using an emissions inventory (hereafter refers to as Level 1 analysis)
as described in Section 5.2. During the second level of the assessment, the
Recommended Transport Strategies were analysed using a territory wide air quality
mode! (PATH), as described in Section 5.3.

Emission Inventory

Methodology

Ninety-nine transport scenarios were generated by the CTS-3 traffic model during the
Main Model Runs. A district-by-district emissions inventory of key pollutants
[Oxides of Nitrogen (NO,), Volatile Organic Compounds (VOC) and Respirable
Suspended Particulates (RSP)] were calculated for each scenaric based on the
distance travelled by various vehicle classes fvehicle-kilometer-travelled (vkt) data
provided by the transport model and adjusted to account for minor roads] and fleet
average vehicle emission factors (EF) provided by the Environmental Protection
Department.

Pollutant Emission (tons) = Z (Vkt e ppe X EF sohicie oo Distics

The emission factors used have taken account of planned measures te control vehicle
emissions and are presented in Table 5.2a.
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Table 5.2a
Fleet Average Vehicle Emission Factors (gkm™) used in
Stage 2 Level 1 Air Quality Assessment

Year MIC PIC Taxi PV PLB LGV HGY NFB FBSS FBOD
Fuel P P D —=LPG D 9] D D D D D
1397 NO=x (.55 175 155 2.%7 2.27 178 7.76 12.66 12.06 12.06
voC 11.93 1.01 0.36 0.74 0.72 0.70 2.22 2.35 2.33 233
RSP 0.03 £.04 0.65 0.74 0.72 0.54 1.42 1.56 1.49 1.4%
2001 NOx 0.55 1.82 1.51 217 2.05 162 6.74 10.72 10.73 10.73
vOoC 11.62 0.66 0.29 {63 0.60 0.62 2.05 2.19 2.21 2.21
RSP 0.03 0.04 0.15 0.49 042 0.34 1.16 1.20 1.22 1.22
2006 | NOx 0.48 0.83 0.84 167 1.70 1.39 507 715 8.26 9.26
VOC 8.29 0.43 0.43 0.48 0.48 0.55 1.64 1.62 1.98 1.93
RSP 0.03 0.03 0.04 0.22 0.18 0.15 .81 0.74 1.1 1.01
20114 NOx 0.37 0.71 0.73 1.53 1.54 1.23 3.84 5.54 6.80 6.80
VOC 477 0.41 0.40 0.45 0.45 (.52 132 1.27 1.53 1.53
RSP 0.03 0.03 0.01 0.16 0.12 0.11 0.53 (.50 0.69 (.69
2016 MO« 0.37 .73 073 153 1.54 1.23 3.84 5.54 6.80 8.80
VoG 477 0.41 0.40 045 0.45 052 1.32 1.27 1.53 1.53
RSP 0.03 0.03 0.01 0.16 0.12 0.1 0.53 0.50 0.89 0.58

NO: = Oxides of Nitrogen
YOG = Valatile Organic Compounds

Notes on Fleet Average Emission Factors:

Abbreviations:

PLB = Public Light Bus

LGV = Light Goods Vehicle

HGV = Heavy Goods Vehicle

NFB = Non-Franchised Bus

FBSD = Franchised Bus Single Decker

M/C = Motorcycle D = Diesel
P/C = Private Car P = Petrol
Taxi = Taxi

PV = Passenger Van Assumplions:

RSP = Respirable Suspended Particulates
LPG = Liguefied Petroleum Gas

- LPG taxi starts from 2001, 100% by end of 2005.

- Euro Hl emission standards start from 2001

- Due to lack of 2016 emission factors, 2011 emission factors are
assumed to prevail.

£BOD = Franchised Bus Double Decker

523 Apart from emissions from vehicle engines via the exhaust (hereafter refers to as
tailpipe), particulate emissions also occux whenever vehicle travels over a paved
surface. A USEPA method was used for the estimation of the paved road dust (prd)

emissions and this involves two key variables:

. road surface silt loading value
) average vehicle weight

524 A silt loading value of 0.02 gm™ was assumed and is considered the best estimate of
roads with high traffic volume. The quantity of dust emissions from vehicle traffic

on a paved road may be estimated using the following expression':

E =k * (sL/2)"* * (W/3)*

1 USEPA AP-42 5% Editon
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5.2.10

where

E = particulate emission factor (gkm™)

k = base emission factor for particle size range (where k = 4.6 for PM,,)
sL = road surface silt loading (gm™)

W = average weight (tons) of vehicles travelling the ro ad

To obtain representative average weight (W) for vehicles travelling, a vkt-weighted
average weight was calculated for each scenario 1€

Average Vehicle Weight (W) for Scenario X=
Z (We:ght vehicie type X th vehicle rype)/ Z (th vehicle lype)

A paved road dust (prd) emission factor (E) was estimated for each scenario. This
factor is used to calculate the prd in each district from road transport. The paved road
dust emissions calculated by this method represents the overall prd emissions and
cannot estimate the contribution by each vehicle type.

The emissions of NO,, VOC, RSP (tailpipe and prd) for each of the 18 districts
(approximate to HKSAR District Boards boundaries as shown in Figure 5.2a) under
different fransport scenarios generated by the main transport model were compared
against the corresponding emissions for the base year (1997) to assess whether there
is a net benefit or a negative impact.

In order to compare the relative merits of each scenario for apalysis by the main
traffic study, a composite measure of the changes to the total inventories (ie sum of
emissions from 18 districts) of NO,, VOC, RSP (tailpipe and prd) relative to the base
year is used as shown in Table 5.2b.

Table 5.2b
Composite Air Score (Sample Calculations)
Base Year = X tons NOx, Y tons VOC, Z tons RSP (tailpipe + prd)
Scenario A = 1.2X tons NOx, 1.2Y tons VOC, 0.8Z tons RSP {tailpipe + prd)
Compostte Air Score = (1.2+1.2+0.8)3=1.07
Scenario B = 0.8X tons NOx, 1.4Y tons VOC, 0.6Z tons RSP (tailpipe + prd)
Composite Air Score = (0.8 +1.4+06)/3= 0.93

Based on the above example, the 1997 inventory would receive an air score of 1 and
Scenarios A and B would receive air scores of 1.07 and 0.93 respectively. Hence, it
could reasonably be assumed that Scenario B would create a general improvement in
air quality relative to 1997 levels (as indicated in Section 3), whereas Scenario A
would tesult in further deterioration. A summary of the total pollutant emissions and
the composite air scores is discussed in Table 5.2h.

In employing this approach, no attempt has been made to weigh the relative health
impacts of the three indicator pollutants. This factor is accounted for in the analysis
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made using the PATH model by comparing the prediction against Air Quality
Objectives.

Results

Tables 5.2¢-5.2g present a summary of the vkt and pollutant emissions for each
district under different transport scenarios generated by the CTS-3 transport model.

Table 5.2h summarises the total pollutant emissions for each scenario and the
associated composite air score. The detailed results for each distirct are shown in the
spreadsheets enclosed in Appendix A.

In order to assist the interpretation of the analysis, the contributions to the total vkt
and pollutant emissions from each vehicle type for 1997 and the base case in each
design year are shown in Figures 5.2b to 5.2f. The base case for each design year
consists of the High Fleet infrastructure provision for the respective design years as
indicated in Tables 4.5a and 4.5b. The Run Nos. for the base cases are 2001 (Run No
48); 2006 (Run No 95); 2011 (Run No 69) and 2016 (Run No 18). Tables 5.2i to 5.21
presents these results and shows the ranking by vehicle type with 1 being the highest
contribution and 10 being the least contribution. (See Para 5.2.1 for a list of the
abbreviations used.)

Table 5.2i
Contribution of vkt by Vehicle Types
1997 2001 2006 2011 2018

MIC = 5 5 5 5
PIC 1 1 1 1 1
Taxi 3 3 3 4 4
PV 8 8 8 8 8
PLB 5 7 7 7 7
LGV 2 2 2 2 p
HGV 4 4 4 3 3
NFB 9 9 9 9 9
FBSD 10 10 10 10 10
FBDD 6= 6 6 6 5
Note: 6= means equal contribufion

Table 5.2§
Contribution of NO, by Vehicle Types
1997 2001 2006 2011 20186
M/C 10 10 10 g 9
PIC 2 2 2 2 2
Taxi 5 5 5 5 5
PV 8 8 8 8 8
PLB 7 7 7 7 7
LGV 3 3 3 3 3
HGV 1 1 1 1 1
NFB 6 6 6 6 6
FBSD g g8 9 10 10
FBDD 4 4 4 4 4

PAGE 5-4



%2ZT %2ZT %Syl %6L1 %8VC %02C %612 %€8l %022 %22T %122 42T 42T %E2T %122 %EZT %2ZT %2ZT %2ZT %6HZ %2ZT %VZT %2ZT %VZT %2ZT %2ZT %2ZT %82C %922 %9EC %684 %694 %EIT %E0Z %Ll %984 %SIZ (12303) 266} %
51221611801 1210} 2661

%092 %092 %902 %622 %bLT %LYT %962 %662 %652 %S5C %95C %29 %.5C %.5C %092 %35C %L9C %652 %L9C (273 %652 98T %R %L1Z %EST %85T %LST %S9 %R %L0E ST %2ET %382 (273 %9EC %S5T %8 |0ZE9L98YE e uansL
%955 %955 %SLZ %Sy %L19 %165 %219 %80E %985 %.65 %865 %009 %109 %965 %565 %965 %665 %109 %865 %865 %109 %019 %Y6S %609 %009 %965 %865 %.85 %165 %169 %687 %L2y %209 %505 %68E %ty %pSS  [S6rYesZEl Buny es|
%2rh %2rh %96 %641 %Lk %SYL %S9} %L %bh %62yl %EY %EY %bh %EY %L %Erh %2l %EPL %EPL %8YL %EPL %90l %EPL %ES1 %2l %2l %2l %2l %8l %661 %9EL %021 %191 %601 %021 %LEL %29} |0L60EVL6EL il eys|
%pie %pie %02 95T %92y %02E %.2¢ %Y8E %6LE %12€ %9LE %LLE %8LE %9LE %9LE %LIE %9LE %12E %6LE %EZE %LLE %02E %LLE %SLE %8LE %pLE %SLE %028 %Ly %52y %682 %hT %LLE %182 %ShT %SLZ %L0E  |05L64121T KON
%L %L %28 %LbL %891 %001 %8LL %b0L %0v1 %8EL %LEL %8EL %8EL %8EL %9EL %8EL %LEL %8EL %8EL %9pl %8EL %EL %8EL %8l %9EL %LEL %LEL %6EL %851 %802 %L %hzh %Ll %E9L %LEL %8yl %08l [GL665.69L od e
%95 %95 %S08 %657 %59 %655 %.25 %28E %595 %.95 %E95 %bLS %045 %895 %195 %995 %TLS %595 %085 %865 %LLS %8S %S %S %695 %895 %0LS %165 %509 %LYS %9y %207 %967 %29y %007 %bTy %08y [01€6EL08Y 6uo ueng
%2901 | %zl | %Tl8 %88 | %boLl %SL6 %189 %LV | %SEOL | %PEOL | %SSOL | %2S0b | %Ol | %VEOL | %6v0l %ZE0L | %9EOL | %BLOL | %E90L | %LLLL | %CHOL | %WL6 | %B00L | %SEOL | %2S0b | %8LOL | %O0EOL | %0SZh | %weEOL %828 %259 %065 %919 | %¥e0L | %6 %66 | %S90L 02681009k puers|
%902 %902 %391 %081 %6HZ %902 %022 %LEL %861 %861 %L61 %102 %661 %002 %661 %00 %861 %661 %L61 %P6l %861 %ELT %012 %P0T %861 %202 %002 %2LT %502 %02 %261 %SLL %S0C %181 %651 %691 %8l |S6rYELEes Unjy uen
%181 %181 %201 %bhl %361 %SLL %Sl %.2h %bLL %181 %081 %181 %b8l %28l %611 %281 %081 %181 %081 %001 %28l %E0C %081 %bLL %181 %181 %181 %P6l %081 %35h %0EL %bLL %2yl %LEL %611 %8zh %Lbl  [9962599LYL Buis ) 1emy
%S0 %S0 %26 %S0k %66} %061 %bTh %EvL %881 %812 %S1Z %S1Z [ %S1Z %S1Z %812 %ELT %912 %ELT %Lk %612 %EET %S1Z %L02 %S1Z %hLT %S1Z %h1Z %2LT %9 %801 %801 %ETL %8LL %801 %601 %zl |Sv99696YE uss teL Buom|
%¥8L %¥8L %941 %05} %80 %061 %681 %.Sh %E81 %061 %881 %681 %681 %881 %681 %681 %88l %681 %161 %28l %061 %L61 %88l %261 %681 %88l %88l %181 %E81 %02 %ES1 %SYl %881 %Ll %Ll %25 %28l  |0SCELL8L8 Buoy urwy
%951 %951 %301 %091 %SHT %002 %361 %051 %L61 %381 %b8l %881 %061 %161 %981 %681 %.81 %981 %681 %061 %.81 %261 %88l %061 %061 %981 %.81 %181 %181 %902 %L9% %LSh %E61 %181 %S5 %E91 %881 [958918.69 A0 uoomoy
%081 %081 %2l %8l %681 %LLL %261 %38l %Ll %bLL %9LL %8LL %081 %8LL %LLL %8LL %LLL %SLL %6LL %38l %8LL %681 %8LL %6LL %9LL %9LL %LLL %081 %LLL %00 %891 %9pl %88l %691 [ %851 %18l [SE2E90989 od Inug weus
%LLL %LLL %12k %62H %E9} %8yl %01 %001 %851 %651 %001 %€ %S9l %S9l %09} %9k %E9L %001 %991 %991 %19l %L91 %29 %591 %19l %19l %29 %001 %004 %LLL %ES1 %LEL %691 %ES1 %SEL %8EL %E9)  [S6/9v5995 Buop wisL nex
%E94 %E94 %004 %L2h %Lk %E91 %8L1 %L} %€ %29} %€ %29} %€ %€ %29 %894 %29l %E9L %29l %b9l %L1 %851 %29l %E9L %E9L %90l %651 %851 %bSH %981 %251 %L2h %9LL %961 %EEL %901 %LLL  |0SV606)LE wayinos|
%981 %981 %0Zh %LEL %06} %6L1 %601 %001 %SLh %LLL %9LL %6L1 %8L1 %LLL %8L4 %8LL %SLL %9LL %8LL %8LL %601 %bLL %SLL %LLL %9LL %58l %E8l %901 %01 %bh %0El %02 %LYL %LEL %611 %hh %yl |GLL22088S ussjses
%6EL %6EL %301 %6EL %351 %8yl %651 %8yl %1SH %LSH %051 %LSH %25h %ESH %LSh %¥Gl %051 %151 %151 %151 %651 %8l %151 %25 %051 %HSl %051 %001 %EL %291 %6EL %0€l %851 %bSh %9EL %Ll %9k |OvEL68LYY 1eUD Uem
%607 %607 %692 %EE %61Y %88E %S6E %682 %18E %LLE %LLE %8LE %8LE %6LE %9LE %08E %bLE %9LE %0LE %907 %LLE %S9Z %9LE %9LE %SLE %6LE %C9E %68E %65E %01y %8YE %862 %.8E %S9E %9LE %0vE %L6E  [0/9609€8Y SISO B [BAUSD
DIA 0619} | MIA 68/9L | DIA 98/9L | PIA vBIOL | A €8/9L | DIAZ8/9L | PIAGLIOL | MIAYOIOL | DIASS/9L | PIA pS/OL | A£G/ | MIAZGIOL | DIA 1G/9L | PIA 05191 | MIABYIOL | PIASPIOL | MIA LpioL | DIAOYI9L | DA GYIOL | IA pPIOL | MIA €pI9L | DIA ZHIOL | DIA Lb/OL | A OVIOL | DIA /9L | DIA 8E/OL | PIA Le/0k | MIAOE/OL | MIAGEIOL | MAEZIOL | DA LZ/IOL | A 6LIOL | MIABLIOL | DA ZLOL | PIA OL/9L | MIA B0/ | MIA 20/9L [MiA Le6L wusia
910

%8l %28l %001 %8l %681 %691 %E8l %€81 %g81 %g8l %g8l %g8l %g8l %284 %g8l %284 %g8l %284 %284 %g8l %g8l %€8l %ESk %284 %284 %984 %Lk %854 %994 %8l (1e303) 2661 %

S1zL1611801L 1210} 26614

%252 %EVT %b2T %SvT %92 %162 %992 %6V 95T %EST %EST %SHT (2733 %R %S5T ST %LIT ST %S5T %S5T %15T %8rT %b2T %092 %6292 %25C %662 %E2T %8EC %092 e uansL

%2y %25y %LEE %S5y %.0G %062 %861 %Ery %Ly %ty %Sy %2y %25y %E07 %2y %627 %ty %Ery %Ly %ty %ty %Sy %ELE %661 %96 %89y %L2y %E9E %06E %Sy |S6rYesZEl Buny e

9%2EL %0€L %601 %0€L %001 %EEL %9EL %2El %EEL %TEL %TEL %TEL %SEL %LEL %TEL %82 %TEL %TEL %TEL %TEL %TEL %2l %011 %9EL %9EL %9EL %821 %hLL %8LL %SEL  |0L60EVL6EL il eys|

(73 %912 %2hT %622 (73 %LYE %E2C %0EC %2ET %1EZ %0E2 %0E2 %EL %8YT %0E2 %€ %0EZ %622 %LEC %CEL %1EZ %0E2 %881 %S2T %52 %812 %S0C %061 %002 %Ll |0SL61121T UHON

%811 %St %16 %St %LYL %204 %Lk %LLL %841 %9LL %LLL %LLL %EZ %011 %LLL %LLL %8LL %LLL %8LL %8LL %8LL %911 %804 %Ll %L %Spl %EEL %Sl %Sk %Syl |GL665.69L od e

%06E %bLE %8LE %06E %05y %95E %S0% %E6E %862 %268 %E6E %.88 %E2y %69E %E6E %S9E %06E %96E %S6E %868 %.88 %S6E %9EE %t0r %b0r %81y %LIE %9EE %69E %20y [01€6EL08Y Buo uenx

%926 %916 %ev8 %226 %898 %61L %298 %826 %0E6 %826 %826 %926 %b98 %EE6 %6 %2E6 %626 %868 %616 %E26 %.26 %b26 %ELL %558 %558 %156 %S16 %898 %168 %Sv6 026810091 puers|

%SLL %.81 %LLL %061 %981 %EEL %SLL %SLh %SLh %SLL %SLL %6L1 %9LL %181 %SLL %081 %9LL %LLL %bLL %SLL %6LL %bLL %Lk %2l %Ll %S9l %651 %SYL %25 %90}  [S6rYELESE uniy uent

%12k %12k %014 %2Zh %EEL %611 %624 %EZh %2zl %2k %2k %EZ %LEL %82 %2k %hh %2k %021 %EZ %2k %EZ %2Zh %2kl %82 %82 %0E %92k %2LL %LLL %8Th  [5962599LL Buis ) 1emy)

%bLL %011 %b0L %011 %Sl %pEL %ELL %bLh %ELL %bLL %bLL %ELL %9LL %LLL %ELL %ELL %ELL %ELL %SLL %SLL o %bLL %004 %ELL %SLL %ELL %011 %101 %S0l %Ll |Sv99696YE uis teL Buom|

%651 %19k %621 %691 %S9l %91 %€ %651 %65} %651 %651 %651 %991 %LEL %651 %S5l %851 %651 %001 %001 %ES1 %651 %EEL %29 %29k %851 %151 %LEL %8EL %G1 [0SELL8l8 Buoy urwy

%bh %Sl %S 9%6EL %611 %8EL %SLL %EP %Erh %t %EPL %001 %L %2l %2l %SpL %t %Spl %Spl %Spl %2l %bh %8S %SLL %SLL %bLL %991 %601 %S5 %LLL  [958918.69 Ao uoopmoy|

%391 %19k %601 %19k %LLL %Ll %Ll %b9l %991 %S9l %901 %S9l %081 %LLL %901 %L9 %S9l %901 %891 %901 %S9l %391 %bhh %0LL %LLL %901 %951 %001 %LYL %E91 od Inys weus

%bSh %ESH %EEL %Sl %25h %601 %25h %8S %851 %HSl %ESH %601 %651 %851 %HSl %ESH %ESH %ESH %bSl %951 %151 %bSh %EEL %151 %051 %2yl %8EL %Lk %LEL %2yl |S6/9v5995 Buopy wis| nex

%LEL %0€L %91 %0€L %621 %8l %.2h %LEL %2El %EEL %TEL %0EL %82 %TEL %LEL %LEL %TEL %TEL %90l %TEL %TEL %LEL %L0} %L2h %L2h %L2h %12k %601 %SLL %bTh  |0SY606)LE wayInos|

%bSH %25 9%6EL %bSH %001 %YEL %001 %bSH %¥5h %851 %851 %ESH %151 %851 %851 %t %ES1 %t %001 %t %251 %bSH %02h %6EL %6EL %6EL 9%2EL %12k %S %9EL  [SLL22088S usjseq

%EEL %EEL %611 %0€h %Lk %LEL %001 %EEL %EEL %EEL %HEL %2EL %82 %EEL %2EL %2EL %2EL %EEL %SEL %EEL %LEL %EEL %EZh %6EL %001 %EL %6EL %82 %2EL %yl |OvELE8LYY 124D Uem

%05 %05 %08 %998 %12 %15C %822 %63¢ %85¢ %SSE %6vE %L9E %ENT %95E %1SE %SSE %25E %05E %SZE %EVE %99E %19E %981 %L22 %22 %LLE %162 %L9C %612 %Q0E  [0/0609€8Y  |UOISOM B [eAUSD)

DIA ZO/LL [ 1A Q0L/LL [ DIA SOL/LL | DIA pOM/LL | MIA €OL/LL | DIA Z6/LL [ DIAEE/LL | PIAO6/LL | PIAGBILL | MIASBILL | DIAZSILL [ DIAYBILL | DIASBILL | A ZS/LL | DIA LB/LL | DIAOB/LL | IAGLLL | DIABLLL [ DIAZLLL | DIAQULL | PASLLL | DA vZLL | MALLLL | DA deorLl | A G9/LL | A SSILL | DIA YL | DIASDILL | PIAZHILL | DIA LibL [DIA 2661 [EI]

1102

%6EL %Lbl %yl %601 %EEL %Lbl %601 %2yl %601 %601 %8yl %6YL %6YL %081 %081 %6YL %6YL %081 %051 %051 %8yl %Lyl %8EL %Spl [T %Lyl %6hL %LZL %LZL %LZL %LZL %LZL (1e303) 2661 %

S1zL1611801 1210 2664

%622 %9vT %952 %6252 %912 %6evT %S5C %EVT %152 %6vC %v9C %15T %EST %85C %LIT %8YT %15T %652 %25T %25T %EST %0VT %SEC %652 %OVT %ehT %E0C %812 %2hT %812 %Pl %S1Z e uensL

%12 %00€ %822 %182 %692 %60€ %682 %112 %062 %282 %LIT %0vT %.82 %182 %082 %12 %082 %182 %262 %182 %12 %ELT %092 %9.2 %392 %E8T %LLL %691 %.94 %891 %901 %80}  [S6YYSSCEL Buny tes|

%H0L %zhh %811 %ELL %b0L %911 %911 %011 %911 %ELL %81 %bLL %ELL %9LL %ELL %SLL %ELL %bLL %bLL %bLL o %L %901 %ELL %601 %9LL %66 %101 %20l %20l %80l %E0L  |0L60EVL6EL il eys|

%202 %612 %L62 %022 %b6l %0E2 %EEL %S2T %SEC %612 %O0vC %E2T %L1T %622 %22T %22T %E2T %S2T %hTT %022 %hLT %912 %h1Z (3 %22e %.22 %EEL %8EC %L1T %812 %22T %L1 |05L61121T UHON

%88 %36 %88 %L6 %68 %20 %80 %00 %S0} %86 %04 %66 %86 %b0L %66 %66 %86 %001 %66 %86 %96 %86 %b6 %00 %86 %b0L %Ll %bL %Ll %Ll %L %l |SL665.69L od e

%162 %80E %9LE %SLE %262 %.2¢ %1EE %80E %1EE %9LE %9EE %9LE %EZE %1EE %2ZE %9LE %pLE %9LE %SLE %SLE %2LE %6LE %262 %0LE %E0E %SLE %922 %0vC %ET %22 %922 %SEC  [01E6ELOBY Buo UenA

%hCS %05 %961 %Ev9 %167 %SES %029 %009 %129 %\v9 %119 %Lv9 %Lv9 %029 %2r9 %079 %2r9 %PE9 %669 %Er9 %2r9 %EE9 %895 %185 %8.S %663 %807 %68E %86 %105 %L67 %96v 026810091 puers|

%2yl %601 %bTh %EvL %91 %621 %9k %STh %9k %L %82k %Ll %Ll %0EL %Ll %Ll %EL %EL %zl %t %zl %9EL %9LL %12k %811 %2l %011 %L01 %901 %hLL %hLL %S0l [S6rvELESs unjy uenL

%L0 [z %b0 %St %80 %ELL [z %L %LLL %LLL %L0} %9LL %601 %8LL %021 %SLL %9LL %ELL %bLL %9LL %9LL %9LL %901 %eLh %80 %SLL %98 %L8 %€8 %€8 %08 %28 |S960599LL Buis ) 1emy

%86 %80 %02 %.0 %10 %80} %601 %H0 %LLb %L0k %841 %601 %601 %801 %L01 %bLL %L01 %801 %011 %801 %901 %001 %h0L %80} %904 %601 %E0 %80 %20} %00} %10} %20 |SY99696E uig teL Buom|

%02 %.2h %92k %SZh %ELL %hzh %SZh %011 %SZh %SZh %9TL %Lk %Lk %92k %Szh %EZL %Sk %Sk %hzh %Szh %EZ %9LL %bLL %611 %91 %2k %LLL %.0 %H0L %26 %b6 %G0L  [05ZELL818 Buoy unwy)

%TLL %611 %2Zh %02 %SLL %bTh %EZh %91 %2Zh %611 %22k %6L1 %Lk %02 %02 %6L1 %02 %02 %€ %6L1 %8LL %hTL %SLL %611 %911 %2l %66 %S0l %S0l %10 %20 %P0l [S58918.69 A0 uoomoy

%EYL %ESH %601 %ESH %8EL %15 %ESH %Sl %bSH %ESH %¥5h %ESH %251 %ES1 %t %851 %t %t %t %851 %25l %8l %LEL %bL %2k %L %92 %S %9EL %8EL %8EL %8EL od Inys weys

%82 %EEL %0€h %6EL %ETh %LEL %LEL %STh %2El %6EL %2l %9EL %001 %6EL %001 %EEL %001 %6EL %EEL %6EL %LEL %SEL %2k %.2h %SZh %0El %20} [z %L %10} %S0l %80 |S6/9v5995 Buop wis| nex

%S0l %LLL %Lk %60 %011 %02k %811 %St %611 %604 %641 %601 %601 %601 %601 %601 %601 %601 %601 %801 %LLL %LLL %ELL %LLL %ELL %8LL %101 %80l %101 %001 %101 %L0L  [05v6061L€ waUinos|

%611 %STh %Lk %2Zh %LLL %STh %EZh %SLL %bTh %2Zh %02k %€ %hTL %€ %2l %hTL %6L1 %€ %€ %€ %Lk %Lk %9LL %12k %811 %€ %S0l %S0l %901 %801 %b0L %L0}  |SLL22088S wsjse3

%601 %ELL %611 [z %L %LLL %911 %L %811 %blLh %LbL %bLL %9LL %9LL %bLL %SLL %bLL %SLL %SLL %bLL %SLL %9LL %ELL %911 %bhh %611 %10 %H0L %H0L %66 %001 %p0L  |OvELEBLYY 12UD Uem

%8LL %881 %9LL %161 %LYL %19 %9LL %881 %9LL %t %SLL %E61 %E61 %P6l %P6l %L61 %P6l %E61 %961 %b6l %2l %E61 %681 %961 %261 %102 %601 %Spl %051 %LLL %.94 %6Vl [0/0609€8Y  [UOISOM B [eAUSD)

PIA L0H/90 | PIA 901/90 | PIA Z0L/90 | 1A 86190 | MIA L6/90 | PIA G6/90 | PIA V6190 | PIA 26/90 | PIA L6/90 | PIA 68190 | PIA98/90 | PIA GB/90 | PIA ¥BIS0 | PIA £8/90 | PIA Z8/90 | PIA L8/ | PIA 08/90 | PIA 8L/90 | PIA L2190 | PIA 9LI90 | PIA GL/90 | PIA 85/90 | PIA ¥G/00 | PIAZGI90 | PIA 0S/90 | PIA6V/90 | PIA 8V/L0 | PIA Lp/L0 | PIAEVILO | PIA L/LO | PIA OV/LO | PIA 6E/LO [PIA L66L usia

9002 2 1002

1661 O3 dAREIaI PA %

(»in) syouysia Aq soueusds jo Alewwng

1661 0} 8AlE|9Y PiA Jo Alewwng - 0Z°G djge L




%L0b %L0b %9L %26 %bbb %L0L %L0b %56 %90b %L0b %901 %L0b %L0b %L0b %901 %L0b %L0b %901 %L0b %901 %L0b %80} %90b %L0b %90} %90b %90b %80} %801 %011 %66 %88 %¥0L %96 %06 %66 %S0b (12309) 2664 %
09€LE 1830} 2661
%0LL %0LL %96 %90b %Cll %S0L %Ll %LEL %0L1 %801 %601 %0LL %601 %601 %011 %601 %bLl %0LL %Cll %611 %601 %611 %bLl %bLl %801 %601 %0LL %bLl %L %l %811 %801 %l %ELL %801 %8LL %ih LGC) UBA USNS ]|
%8¥C %8¥C %0EL %602 %062 %C9C %vle %Lyl %¥Se %092 %092 %192 %192 %092 %092 %092 %192 %192 %092 %292 %292 %892 %652 %L92 %292 %092 %092 %552 %85¢ %96C %9€T %L61 %592 %bLe %181 %lie %L¥T 62€
%09 %09 %Sy %SS %obl %29 %ClL %99 %19 %19 %19 %19 %19 %19 %09 %19 %19 %19 %19 %9 %19 %29 %9 %S9 %19 %19 %09 %09 %E9 %08 %S9 %SS %69 %29 %SS %29 %0L 0001
%9l %b9L %Ll %671 %561 %891 %9LL %SLe %L9b %691 %S9L %991 %991 %S9b %591 %591 %S9L %691 %891 %0LL %S9b %891 %991 %9l %S9b %b9L %b9L %b9L %E0C %L61 %991 %brl %891 %Sk %brl %29k %991 STl
%8S %8S %6E %bS %89 %19 %8L %S %09 %09 %65 %65 %65 %65 %8S %65 %65 %65 %65 %€ %65 %19 %65 %€ %65 %65 %65 %65 %99 %8 %0L %LS %L %89 %09 %0L %8L LGEC 0d el
%662 %662 %6LL %592 %6LE %66¢ %62 %LEC %00€ %20€ %862 %Y0€ %20€ %\0€ %00€ %00€ %Y0€ %662 %062 %bLE %E0E %S0€ %182 %262 %20€ %20€ %20€ %lLE %lLE %6.LC %C9C %S¥e %ELT %S¥e %2€T %6¥C %652 6591 BuoT uenp
%865 %865 %LSY %505 %109 %LYS %y %1GS %€E8S %885 %565 %65 %8S %185 %165 %E8S %585 %LLS %885 %619 %065 %SES %995 %S85 %065 %LLS %€E8S %829 %S85 %L9Y %61¥ %lLE %6LY %G5 %SES %085 %€E6S (734 puels|
%86 %86 %E6 %10L %601 %S0 %SLL %SL %56 %56 %96 %96 %56 %96 %96 %L6 %56 %56 %E0L %96 %56 %E0L %¥0L %86 %6 %L6 %96 %001 %86 %601 %601 %10L %L0b %L6 %6 %001 %001 L6EE uny usny
%88 %88 %ES %8S %6 %S8 %0L %89 %8 %98 %98 %L8 %88 %L8 %98 %L8 %98 %L8 %58 %89 %L8 %96 %98 %E8 %L8 %L8 %98 %06 %S8 %ClL %L9 %8S %69 %9 %09 %99 %obl L85 Buis remy
%66 %66 %9 %08 %€E6 %06 %LS %0L %68 %10b %001 %001 %001 %10L %001 %101 %001 %10b %66 %SG %20b %bLl %10b %86 %10b %001 %10L %66 %86 %LS %ES %08 %95 %ES %08 %bS %LS 16 us te] Buon|
%E8 %E8 %LS %0L %L8 %8 %v8 %L %8 %8 %¥8 %¥8 %8 %¥8 %8 %8 %¥8 %¥8 %58 %8 %58 %88 %v8 %98 %¥8 %E8 %v8 %8 %18 %88 Y%bL %89 %E8 %SL %L9 %SL %28 6902 Buoy unmy
%0L %0L %2S %SL %56 %16 %88 %EL %68 %28 %28 %E8 %58 %8 %28 %8 %E8 %28 %8 %58 %E8 %98 %E8 %8 %8 %E8 %28 %08 %08 %16 %18 %EL %L8 %6L %EL %08 %98 €0L) Ao uoomoy
%8 %¥8 %99 %EL %58 %6L %68 %6 %08 %18 %28 %E8 %8 %E8 %E8 %E8 %E8 %28 %E8 %98 %E8 %88 %E8 %E8 %28 %E8 %E8 %E8 %28 %16 %S8 %Cl %88 %Ll %Cl %8 %98 6181 0d Inys weys
%8L %8L %29 %9 %EL %69 %8L %Ll %ClL %EL %L %SL %9L %9L Y%bL %SL %SL %L %9L %Ll %L %Ll %SL %9L %L %L %SL %L Y%bL %08 %9L %L9 %8L %0L %99 %0L %9L 8251 Buo wis] neA
%Cl %Cl %085 %09 %ol %ClL %Ll %Cl %Cl %ClL %Cl %obl %ClL %Cl %l L %SL %Cl %ClL %obl %ClL %EL %0L %Cl %Cl %Cl %S9 %0L %0L %89 %08 %0L %8S %9L %99 %09 %89 %L 596 uisyinog
%E8 %E8 %8S %29 %98 %28 %89 %S9 %08 %8 %08 %8 %8 %08 %18 %18 %08 %08 %28 %28 %89 %8L %08 %08 %08 %v8 %58 %9L %Ll %69 %E9 %LS %L9 %19 %95 %09 %99 192k uisyseq
%9 %9 %2S %99 %0L %89 %ClL %69 %69 %69 %69 %69 %69 %0L %69 %0L %69 %69 %69 %69 %ClL %L9 %69 %69 %69 %0L %89 %9 %S9 %ClL %L9 %19 %Cl %89 %9 %89 %L €201 1eyd ue
YobLl YobLl %L %SS L %BLL %CLl %BLL %62k %l9b %S9k %S9k %S9L %9l %S9L %9l %991 %E9L %9l %l9b %081 %t9l %0L L %S9k %9l %9l %S9L %lSL %l9b %LSL %28l %591 SLEV %9LL %S9k %25k %0LL %t8L 6YC) UIB)SBA B [BUSD
XON 06/9} | XON 68/9L | XON 98/9L = XON ¥8/9L | XON €8/9L = XON Z8/9} XON GZ/9) | XON ¥9/9L | XON SS/9L | XON ¥S/9b | XON €S/9L = XON ZS/9L | XON LS/9L  XON 0S/9} | XON 6¥/9L XON 8¥/9} XON Zp/9) | XON 9Y/9L | XON S¥/9L | XON ¥b/9L | XON €v/9L = XONZP/9L | XON I¥/9L  XON Ov/9L | XON 6€/9L = XON 8€/9L | XON LE/9L | XON 9€/91 | XON S€/9L XON €Z/9} XON 1Z/9} XON 61/9 | XON 8L/9b | XON ZL/9b | XON 0L/ | XON 80/ | XON Z0/9} |(SUoi) XON s
9102
%06 %88 %28 %\6 %€6 %S8 %06 %06 %06 %06 %06 %06 %06 %68 %06 %68 %06 %06 %06 %06 %06 %06 %6L %68 %68 %L6 %S8 %8 %L8 %06 (1e303) 2661 %
09€LE 1830} 2661
%Ll %601 %901 %L %841 %0€ L %Ll %ELL %Ll %Ll %Ll %L %2Zl %841 %Ll %Sk %L %Ll %Ll %Ll %Ll %ZhL %901 %941 %Ll %L %¥0L %E0L %l %Ll 4521 UBAA UBNS | |
%02 %902 %SS b %012 %0€C %SEL %€CC %S0T %L0C %502 %502 %v0C %012 %081 %¥0C %L6L %902 %502 %02 %502 %502 %S0T %SLL %ETT %2t %L02 %L81 %0LL %L81 %502 62€
%8S %95 %6Y %95 %19 %65 %65 %LS %8S %LS %LS %LS %65 %95 %LS %SG %LS %LS %8S %LS %LS %LS %05 %65 %65 %65 %bS %S %SG %65 0001
%9C %L %ETL %SCh %621 %8LL %2Cl %921 %921 %9C %9C %9C %821 %EEL %9C %6€E L %9C) %SCh %9C %LZL %9C %SZL %L %ETL %ETL %641 %Sk %ZhL %811 %021 S2L
%S %6Y %l %S %9 %9 %19 %S %S %S %S %S %S %8Y %S %6Y %2S %S %2S %2S %2S %S %6Y %19 %19 %29 %95 %2S %8S %29 LGEC 0d el
%ELT %¥61 %981 %ELT %6VC %002 %\2T %YiZ %YiZ %ELT %ST %T %L2T %S02 %ST %E0C %ELT %9LT %9LT %942 %ZlT %S12 %661 %022 %022 %L2T %102 %161 %¥02 %¥iT 6591 Buo usn,|
%661 %681 %\ 9Y %00S %E8Y %8EY %lly %005 %105 %00S %661 %L6Y %BLY %205 %505 %205 %661 %681 %861 %661 %661 %861 %Ly %ELY %ELY %S %BLY %L9Y %661 %L0S (734 puejs|
%€E6 %10b %66 %E0L %86 %89 %26 %26 %26 %26 %26 %6 %6 %56 %26 %56 %€E6 %€E6 %26 %26 %6 %26 %E-8 %16 %16 %L8 %8 %28 %L8 %88 L6EE uny usny
%09 %09 %95 %19 %S9 %19 %€ %19 %09 %09 %09 %19 %9 %€ %19 %29 %19 %65 %29 %09 %19 %09 %LS %E9 %€ %9 %19 %8S %19 %€ L85 Buis remy
%bS %2S %085 %S %SG %S9 %bS %S %ES %bS %bS %ES %SG %SG %ES %ES %ES %ES %bS %bS %ES %ES %6Y %S %SG %ES %S %6Y %2S %bS 16 uis te] Buon|
%EL %L %19 %Ll %SL %69 %L %EL %EL %EL %EL %EL %Ll %9 %EL %obL %EL %EL %L %EL %obl %EL %E9 Y%bL %L %EL %69 %€ %89 %EL 6902 Buoy unmy
%89 %89 %19 %S9 %E8 %99 %8 %89 %89 %89 %L9 %99 %0L %L9 %L9 %89 %89 %89 %89 %69 %L9 %89 %ClL %18 %18 %18 %9L %bl %9L %08 €0LL AuQ uoomoy
%BL %BL %L %BL %58 %8 %28 %6L %08 %BL %08 %BL %L8 %28 %08 %08 %6L %08 %8 %08 %6L %6L %ClL %28 %E8 %08 %SL %0L %SL %BL 6181 0d Inys weys
%EL %Cl %99 %0L %EL %obl %EL %EL %EL %EL %EL %obl %9L %SL %EL %EL %EL %EL %EL %L %Cl %EL %99 %Cl %Cl %69 %99 %9 %L9 %69 825 Buo wis] neA
%19 %09 %SG %09 %65 %9 %8S %19 %19 %29 %19 %09 %65 %19 %19 %19 %19 %19 %99 %19 %19 %19 %S %65 %65 %8S %SS %2S %SS %LS 596 uisyinog;
%Cl %obl %99 %obl %S9 %€ %S9 %ClL %ClL %Cl %Cl %obL %0L %Cl %Cl %Cl %obl %Cl %99 %obl %obl %ClL %LS %S9 %S9 %S9 %19 %8S %19 %9 192k uigjses;
%€ %€ %LS %29 %S9 %€ %S9 %29 %29 %€ %€ %29 %09 %€ %29 %29 %29 %29 %€ %29 %29 %29 %8S %¥9 %S9 %99 %9 %19 %9 %L9 €201 1eyd ue
%951 %951 %6Y L %9l %86 %Cll %L6 %851 %8G %09} %951 %9l %t0L %65} %lS) %65} %lS) %951 Nads %ES L %9l %LGL %18 %L6 %L6 %StL %62k %02} %CEL %07} 6YC) UIB)SB/N B [eUSD
XON Z0L/LL | XON 904/LL | XON SOL/LL | XON ¥OL/LL | XON €0L/LL | XON 26/LL = XON €6/LL | XON 06/L} XON 68/L} XON 88/LL | XON /8/LL  XONV8/LL  XON€8/LL | XONZ8/LL = XON I8/LL = XONO8/LL  XON6L/LL | XON8/LL | XON ZZ/LL | XON9Z/LL | XONSZ/LL | XON Vil XON LLILL XON d69/L} | XON 69/L | XON SG/LL | XON v¥/Lb | XON Ev/Lb | XONZv/Lh | XON b¥iLh |(SUoi) XON
%88 %\6 %68 %€6 %v8 %L6 %26 %\6 %€6 %E6 %E6 %€6 %€6 %€6 %€6 %€6 %€6 %€6 %€6 %€6 %26 %26 %88 %68 %06 %26 %20b %v0L %20b %20b %20b %20b (1e303) 2661 %
09€LE 1830} 2661
%YEL %0% 1 %2vL %yl %0€ L %LEL %yl %2vL %2yl %EVL %8YL %EVL %yl %9v 1 %LEL %ZvL %2vl %9v 1 %EVL %EVL %EVL %9€EL %LEL %8EL %Lyl %LEL %91 %SLL %0LL %Ll %0LL %Ll 4521 UBA UeNS |
%651 %691 %82h %651 %951 %ELL %19L %SS b %l9L %651 %8EL %9EL %29k %651 %651 %951 %8S %651 %29k %651 %LSb %SS b %Lyl %ESL %ESL %651 %lvl %071 %BEL %071 %6EL %BEL 62€
%09 %€ %99 %9 %65 %S9 %S9 %S9 %L9 %¥9 %L9 %S9 %€ %99 %9 %S9 %9 %S9 %S9 %9 %9 %€ %29 %¥9 %S9 %99 %BL %18 %08 %18 %28 %28 0001
%LSL %29k %L02 %€l %EYL %891 %691 %691 %Cll %29l %ELL %S9b %651 %L9b %9l %b9L %S9b %991 %S9b %E9L %091 %29k %29k %L9L %0LL %0LL %012 %LLT %961 %€0C %02 %861 2L
%ES %SG %S %LS %ES %09 %09 %29 %€ %8S %19 %8S %ES %29 %69 %8S %8S %09 %65 %8S %LS %8S %8S %09 %19 %29 %95 %65 %LS %LS %8S %8S LGEC 0d el
%ELT %022 %E€TT %S2T %T %EET %0vC %822 %9€T %922 %2vT %L2T %EET %9€T %0€T %L2T %L2T %92C %L2T %L2T %¥eT %1€T %ZlT %LVT %022 %22 %81T %92C %8LT %bT %012 %LLT 6591 Buo usn,|
%VEE %LYE %2E %BLE %0LE %LYE %08€E %SLE %BLE %08E %9LE %BLE %BLE %BLE %08€E %BLE %BLE %LLE %6LE %08€E %28E %68E %29€ %99€ %CLE %LLE %00€ %v6C %BSE %E9E %19€ %19€ (734 puejs|
%6 %56 %9L %€E6 %BL %28 %08 %E8 %8 %16 %18 %26 %26 %8 %16 %€E6 %€E6 %€E6 %26 %€E6 %26 %06 %9L %SL %9L %Ll %56 %26 %16 %56 %56 %16 L6EE uny usny
%S9 %89 %9 %69 %9 %69 %69 %89 %69 %0L %¥9 %69 %99 %0L %obl %89 %69 %L9 %89 %69 %69 %0L %99 %L9 %L9 %0L %EL %L %0L %69 %0L %69 851 Buis remy
%65 %19 %ClL %9 %€ %99 %S9 %9 %L9 %¥9 %l L %S9 %S9 %9 %9 %69 %9 %S9 %L9 %9 %€ %09 %9 %S9 %S9 %99 %88 %88 %98 %58 %58 %98 4% us te] Buo|
%ClL %ol %SL %ol %69 %EL %EL %89 %L Y%ebL %SL %9L %SL %L %L %L %L %ol %ol %ol %ol %69 %0L %l L %l L %EL %L6 %16 %88 %6L %08 %88 6902 Buoy unmy
%L9 %L %L %L %0L %L %L %L %EL %L %2L %L %L %L %L %L %L %L %L %L %L %L %0L %L %2L %V, %¥8 %68 %L8 %¥8 %S8 %L8 €0LL KD uoomoy
%L8 %16 %68 %16 %58 %06 %16 %88 %16 %16 %16 %16 %16 %16 %16 %26 %16 %26 %26 %26 %06 %88 %8 %S8 %L8 %68 %L0b %L0b %bLl %911 %911 %9LL 6181 0d Inys weys
%08 %8 %8L %8 %9L %6L %08 %8L %08 %8 %6L %28 %8 %E8 %8 %08 %¥8 %8 %18 %E8 %E8 %28 %9L %Ll %8L %6L %88 %L6 %68 %98 %88 %06 825 Buo wis) nex
%19 %9 %99 %29 %€ %L9 %99 %99 %L9 %29 %99 %29 %29 %29 %29 %29 %29 %29 %29 %29 %S9 %S9 %€ %¥9 %¥9 %S9 %28 %E8 %6L %6L %BL %BL 596 uisyinog;
%69 %bl %0L %0L %89 %obl %0L %89 %obl %0L %69 %bl %bL %0L %0L %obl %69 %obl %obl %obl %0L %0L %89 %69 %69 %l L %L8 %88 %88 %L8 %L8 %68 192k uigjses;
%E9 %9 %L9 %S9 %S9 %L9 %99 %S9 %L9 %S9 %L9 %S9 %99 %99 %S9 %99 %S9 %99 %99 %S9 %99 %99 %S9 %99 %99 %89 %E8 %98 %¥8 %28 %28 %58 €201 1eyd ue
%86 %201 %E6 %Ll %E8 %88 %S0 %l %S0 %Ll %701 %Ll %ELL %Ll %lL %941 %Ll %ELL %941 %Ll %E0L %Ll %041 %L %ZLL %S 1L %ECTL %Ll %611 %SEL %ZEL %811 6V WIB)SBM B [BAUBD)|
XON Z01/90 | XON 901/90 | XON 20}/90 = XON 86/90 ' XON Z6/90 & XON S6/90 | XON #6/90 = XON Z6/90  XON 16/90  XON 68/90 XON98/90 | XON S8/90 | XON #8/90 | XON €8/90 = XON Z8/90 | XON 18/90 | XON 08/90 | XON 8./90 & XON ZZ/90 | XON 92/90 | XON S2/90 | XON 8S/90 | XON ¥S/90 XON 2ZS/90 XON 05/90 XON 67/90 | XON 8¥/L0 | XON /L0 | XON £¥/L0 | XON L¥/L0 | XON 0¥/L0 | XON 6£/L0_|(SUo3) XON s
1661 9002 2 1002

1661 O3 8A13E|31 XON %
(xON) s1o13s10 Aq Solieuads Jo Arewwng

/661 0} @AlE|9Y XON Jo Alewwns - pz'g 8|qe L



%lTh %lTh %08 %66 %YEL %0Zh %hTh %10k %0Zh %hTh %hTh %eTh %eTh %eTh %leh %eTh %hTh %hTh %hTh %0Zh %hTh %eTh %hTh %eTh %hTh %hTh %hTh %vTh %¥eh %8Zh %YoL %6 %Lbb %Chb %16 %YoL %611 (1E30) 2661 %
%LEV %LEV %804 %0Ch %LEV %STh %ESL %LSb %lEL %6k %6CL %ZEL %6CL %0EL %LEL %6Ch %ZEL %lEL %YEL %0vL %lEL %yl %EEL %LEL %8CL %0€L %0EL %SEL %EEL %ESH %lEL %eTh %9r} %Lyl %¥veh %EEL %9r}
%082 %082 %LEV %SeT %\¥E %862 %0L€ %¥SL %¥6C %00€ %00€ %10€ %20€ %00€ %66C %00€ %10€ %20€ %00€ %10€ %20€ %L0€ %86C %90€ %10€ %66C %00€ %S6C %66C %8YE %9rT %ELT %E0E %8SC %66} %ETT %EBT
okl %okl %6Y %09 %88 %EL %8 %eL %eL %L %L %CL %eL %eL %L okl %L %CL %CL %L %eL %EL %eL %Ll %L %L %L %L %L %66 %69 %19 %18 %9L %29 %L9 %28
%8LY %8LY %Sch %08} %0€T %18} %881 %2t %181 %28k %BLL %081 %081 %BLL %BLL %6LY %BLL %E8L %181 %E8L %BLL %28k %081 %8LL %081 %oLLL %8LL %081 %LET 08 %891 %S¥h %08} %¥9l %Ly} %EIL %LLY
%89 %89 %2l %09 %¥8 Yokl %16 %¥S %L %0L %0L %0L %0L %0L %69 %0L %69 %0L %0L %L %0L %CL %0L %SL %69 %69 %0L %0L %08 ¥ %SL %9 %L8 %¥8 %89 %Ll %26
%0€E %0EE %8l %LLT 69€ %8¢ LLE %6ET 333 %CEE 62€ 9€€ EEE %CEE 0€€ %1 €€ %SEE %0€€ rze LYE PEE LEE %LLE 6L EEE %EEE VEE %rve %6YE 14 %69C %0SZ %S6Z %¥LT %¥¥e %LST %¥8C
%659 %659 %1 6% %SYS 4 %865 {44 %2YS 9 %EY9 €59 059 €Y9 %079 059 %0%9 %2¥9 %29 6€9 289 99 895 %229 9 059 %29 6€9 %CE. %2¥9 6 %ech %EBE %9EY %929 %185 %S19 %ES9
%804 %804 V6 %20k 6 %Chb €2 L 143 %S0k S0L 901 S0L %901 S0L %904 %¥0L %¥0L 601 143 1413 €L %Chb 801 €01 %901 901 113 %801 9| %601 %20k %PLb %E0L /o6 66 %S0k
/086 /086 95 29 S S6 /08L L /0S6 %86 /086 /086 001 %66 /oL6 /066 %86 %66 /086 /9L /066 601 %86 /o6 /086 %86 /086 v0 %86 /€8 2 /€9 ol L /oSL 099 173 08
%SLb %SLb 6Y 95 3 %904 %L9 L %S0k %! {43 {43 {43 {43 {43 %0Ch {43 %4 %02k /0S9 €2 L (43 9L {43 {43 (743 8L %611 %89 L 0SS %99 ov9 095 65 29
86 86 19 6L L %10} oL 8 %26 %101 001 oL oL 001 oL %00} 001 10 %20k /oL6 1oL S0L 001 €01 oL 001 001 /oL6 %86 %804 4 LL %00} /0€6 09L 8 86 Buo | unmy|
L8 L8 85 68 4 %ELY 0L 8 %Cbb %0 €01 901 L0 L0 143 %904 S0L v0 %901 L0 S0L 801 S0L L0 L0 S0L S0L %20k %20k %9L} Ve 88 %60} %¥0L /068 14 %604 Ao uoojmoy
| %6 L6 %2l 08 1 6 143 {13 6 V6 56 96 L6 96 56 96 56 V6 96 %001 96 %20k 96 96 56 56 56 L6 56 %804 08 %20k %E6 008 L 66 od Inys weys|
€6 €6 %99 0L /088 08 €6 88 98 L8 L8 68 06 06 L8 68 68 L8 06 06 88 16 88 06 88 L8 88 L8 L8 L6 SL /06 %58 /oSL L. 06 Buo wisy nex
8 8 %28 S9 %88 8 6 98 V8 V8 V8 V8 V8 V8 V8 L8 V8 V8 V8 S8 L8 8 V8 V8 V8 9L 8 8 08 96 L S9 /o6 %28 /0L 9. 06 usyinos
%10} %10} %9 0L %E0L L6 08 9L 56 96 56 L6 L6 96 96 L6 56 56 L6 L6 08 V6 56 96 56 oL 001 16 26 €8 9 9 /0BL %SL 059 89 6L L wejseq
%SL %SL %95 SL %¥8 08 98 08 8 8 18 8 8 €8 18 €8 18 8 8 8 98 08 8 8 18 %E8 %18 9L 8L L8 L 69 058 %58 /oSL LL 68 ey ueM
%LeT %LeT %8¥} %58} %EET %3Le ree /0SS %2t 0602 0602 /012 0602 /0L 0602 %0LZ L0 0602 /50T L22 060 %2hL /0602 /%802 /802 %012 %002 /SLCT. 102 %6eC %26l %S9k %9Le %202 %8LY %EBL Y%eee UIB)SaM g [ejus)
DOA06/9L | DOA68/9L | DOA98/9L | DOAV8/9L | DOA €8/91 DOA Z8/91 DOASLOL | DOA¥9/9L | DOASS/OL | DOAPS/9L | DOA€S/9L | DOAZS/OL | DOA LS/9L | DOA 0S/9L DO0A 6v/9L DOA 8Y/91 DOA Lv/9L | DOA9V/9L | DOASYPIOL | DOAPPIOL | DOAEVIOL | DOAZVIOL | DOA LP/OL | DOAOV/OL | DOA6E€/9L | DOA 8E€/9L | DOA LE/9L | DOA 9€/9L DOA S€/9L DOA €291 D0A 1291 DOA6L/9L | DOA8LI9L | DOAZLIOL | DOAOL/SL | DOA80/9L | DOA L0/9L «u_‘_«mﬁ_
9102
%66 %86 %88 %004 %E0L %26 %66 %66 %004 %66 %66 %66 %66 %66 %66 %66 %66 %66 %66 %66 %66 %66 %8 %66 %66 %10k %96 %8 %26 %10b (12303) 2661 %
18303 2661
%LEL %SCh %LLb %LTh %8EL %LSGb %LEL %6Ch %LEL %LEL %LEL %LTh %cb %9EL %CEL %ZEL %LTh %LEL %ZEL %LEL %0EL %8CL %811 %SEL %9EL %6eCh %ETH %9L} %Sch %YEL UEM uens] |
%E€TT %82C %L9b %0€T %LST %SL %1SC %¥eT %9¢C %¥eT %ScT %¥eT %62C %102 %¥eT %9LT %¥eT %¥eT %€TT %¥eT %¥eT %SeT %684 %1SC %0SZ %¥ET %81 %S84 %66} %CET Buny les
%99 %S9 %¥S %S9 %0L %9 %89 %99 %99 %99 %99 %99 %L9 %S9 %99 %¥9 %99 %99 %99 %99 %99 %99 %SG %89 %89 %89 %S9 %LS %09 %89 uil eus|
%ZEL %02k %SCh %lEL %YEL %26k %8CL %ZEL %EEL %ZEL %ZEL %ZEL %YEL %lvL %ZEL %6V L %CEL %lEL %ZEL %EEL %CEL %LEL %lLb %6CL %6k %9Ch %leh %PLb %61} %9Ch YHON
%09 %8S %9¥ %8S %SL %2S %L %69 %09 %69 %69 %69 %E9 %9S %69 %9S %09 %69 %09 %09 %09 %69 %SG %L okl %L %89 %65 %9 %EL 0d el
%62C 1474 %26k %62C 692 %cle %6ET %L€C %1€C %0€T %L€C %LeC %LYT 6L %L€C %9LT %62C %CET %EET %EET %82C %CET %S0Z %8ET %LET %L¥T %cee %10Z %rie %SET Buo uenp|
%€SS S %505 %2SS 1zs %9y %9LS %SSS %9SS %SSS %¥SS %2SS %SG 855 %€9S %LSS %SSS %8ES %0SS %2SS %€SS %2SS %09 %b1S %L1S %CLS %8YS %S1S %6ES %89S pues|
L V0L /086 %901 €01 CL 96 96 96 96 96 86 L6 001 96 66 L L 96 96 66 96 €8 56 S6 13 88 %28 98 %26 unpy uan] |
9 99 /609 99 /oL 99 0L L 99 9 9 L9 23 69 99 L9 9 G 9 9 19 69 69 173 69 /029 9 %0L Buis] remy)
85 /0SS 85 /09 €L 09 v 09 v v 09 29 29 09 09 v €S 19 19 09 09 0SS 95 29 us e Buom|
1g: 9 68 /0L8 LL 98 1g: 8 1g: 1g: V8 88 CL V8 8 1g: 1g: 1g: 1g: 0L 98 98 8 18 fobL L 8 Buo | unmy|
v 9 LL oL LL 66 08 08 v 0! 6. €8 08 6L 18 0! v v v 98 66 66 86 S6 058 68 86 6. Ao uoojmoy
6! 8 88 96 6 6 6! 06 6! 06 6! 86 26 06 06 6! 6! 06 6! 8L 26 €6 06 98 ol L 18 od Inys weys|
1g: L 8L 8 8 8 € €8 1g: €8 1 L8 98 €8 €8 € € ve 58 8 1g: €L 8 /08 LL 9L /0L €L Buo wiisy nex
89 L S L9 99 L 9 L 89 89 89 L 99 89 L9 L9 89 89 GL 89 89 89 0SS 59 059 S9 €9 oLS 65
€8 8 L €8 iL L iL € €8 V8 €8 € 18 V8 €8 €8 €8 €8 9L €8 8 €8 o¥9 GL /oSL SL %CL 059 89
23 23 €9 0L )L L GL 23 173 CL 23 23 89 23 23 23 23 23 CL 23 0L 23 059 GL /oSL LL %9L /0L %2l
0561 0561 08LL o¥0C. 1443 /SEL el 2161 %6} /0861 o6l /50T 1L /0661 0561 /0861 0961 0561 0081 0061 o¥0C. 0561 /066 %zl p344) S%ELY %09} Wxads J%ESL UIB)SaM g [ejus)
OOA LOL/LL  DOA90L/LL  DOASOL/LL  DOAVOL/LL  DOA€O0L/LL  OOA L6/LL  DOA€6/LL DOA 06/L1 DOA 68/LL DOA88/LL | DOAL8/LL | DOAP8/LL | DOA€8/LL | DOAZ8/LL | DOAL8/LL | DOAO08/LL | DOA6LLL | DOASBLLL | DOALLLL | DOASLILL | DOASLILL J0A PLILE DOA LLLL OOAd69/LL | DOAGY/LL | DOASS/LL | DOAPPILL | DOAEVILL | DOAZVILL «u_‘_«mﬁ_
Loz
%S6 %10k %66 %20k %16 %004 %20k %86 %EO0L %20k %20k %20k %20k %E0L %E0L %E0L %E0L %E0L %E0L %EO0L %20k %20k %S6 %00} %L6 %20k %E0L %S0k %S0k %S0k %S0k (12303) 2661 %,
18303 266}
%1S} %29k %L9L %99k %yl %651 %891 %19L %S9k %¥9L %ELY %S9k %L9b %0LL %851 %E9L %S9k %0LL %99L %994 %L9b %651 %951 %¥9L %19} %091 %LL} %88} %EBL %88} %S84 UEM uens] |
%Ll %681 %EYL %LLL %691 %v6L %181 %0LL %181 %LLL %eSh %LSGb %181 %oLLL %LLL %Ll %9LL %LLL %E8L %LLL %9LL %ELL %¥9L %SLL %19} %BLL %erh %0%} %8EL %6EL %8EL S|
%L9 %eL %9L %EL %L9 %SL %SL %eL %SL %EL %9L %L %EL %SL %EL %L %EL %L %L %EL %EL %EL %69 %L %okl %SL %¥8 %58 %98 %L8 %L8 uil eus|
%eSh %29k %SLe %29k %EYL %691 %Ll %99k %ELL %19L %SLY %¥9L %651 %891 %¥9L %¥9L %¥9L %994 %S9k %29k %651 %19L %651 %L9L %99} %691 %80Z %rie %6l %86} %002 YHON
%8S %29 %8S %¥9 %69 %89 %89 %99 %0L %S9 %89 %S9 %19 %69 %99 %S9 %S9 %99 %S9 %S9 %9 %S9 %E9 %L9 %99 %69 %19 %9 %19 %19 %29 od el
%81 %0€T %VYeT %SET %6LT %rve %6YT %CET %8YC %9ET %EST %9ET %2yT %LYT %l¥T %9ET %SET %9ET %9ET %9ET %YeT %0vT %02C %L€C %LeT %SET %ELT %¥ee %812 %liT %lie Buo uenp|
%eLe %06€ %EGE %857 %EYE %28E %Sy %0EY %Sy %LSY %8EY %LSY %LSY %ty %85 %95y %85 %25y %S5y %857 %85 %857 %ELY %Ly %ley %SEY %0€E %LLE %¥ey %0€Y %9¢y pues|
%86 %20k 8 86 18 88 98 98 98 L6 %L8 6 L6 8 L6 L6 86 86 L6 86 86 V6 08 8 %08 €8 /086 %¥6 %¥6 %86 66 unpy uan] |
L LL 69 9L LL iL L 6L /oCL L L L 18 LL 8L 9L LL 8L L 6L €L 9L %ovL 6L /oSL %SL %L oCL €L Bus lemy
S9 CL 89 L L L iL CL 008 L L L CL LL CL €L GL €L L 89 23 L %2l GL /068 %88 %L8 058 98 us e Buom|
08 g V8 9. €8 €8 L v8 V8 058 8 98 v8 V8 €8 V8 V8 €8 V8 8 8L LL 18 %8L 8 %10} %26 %68 /08L 08 Buo | unmy|
LL 98 V8 v L8 L8 18 98 V8 098 v8 S8 V8 V8 V8 V8 V8 L8 V8 v8 88 8 S8 8 L8 %98 %E6 %26 /088 68 Ao uoojmoy
L6 143 {13 143 Ve €01 143 86 S0L 143 %¥0b 143 €01 143 143 S0L 143 1413 S0L S0L 1413 oL 6 86 L6 oL %60} %804 %61} %Leh %lch od Inys weys|
88 16 8 96 06 06 98 16 96 W V6 L6 56 96 16 96 96 26 96 56 v6 8 68 98 6 %L8 86 /06 0L8 %06 Buo wisy nex
89 cL L 23 L 8L LL L LL 23 L. 23 23 23 23 23 23 23 23 23 LL LL 123 LL L L %¥8 98 /€8 o8 %¥8 usyinos
6L V8 8 8 L V8 8 LL €8 8 2 8 €8 8 8 €8 08 8 €8 €8 8 8 L 8 6L 8 %L8 L8 /088 058 %98 wejseg
%CL L L 9L L 8L LL €L 8L 9L 8. 9L LL LL 9L LL 9L 9L LL 9L LL 8L 9L 8L 9L 8 %28 98 058 o}8 %28 ey ueM
Shleh 0821 o08LL oYEL /001 00LL el 0821 %zl oYEL Shleh oYEL oYEL /SEL oSEL LEL oYEL oYEL /9L el 0021 oYEL 00€L oSEL el /08EL %8¢k p344) ShlTh %8¥} %9r} Shleh LS UIB)SaM g [ejus)
DOA 20L/90 | DOA 90L/90  DOA Z0L/90  DOA86/90 =~ DOA L6/90 = DOAS6/90 | DOA¥6/90 = DOA Z6/90 = DOA L6/90 DOA 68/90 ‘OOA 98/90 DOAS8/90 | DOA¥8/90 & DOA€8/90 | DOAZ8/90 | DOA 18/90 | DOA 08/90 | DOA8L/90 | DOA LL/90 | DOA9L/90 | DOASL/90 | DOA 8S/90 | DOA ¥S/90 DO0A 25/90 ‘OOA 05/90 DO0A 6v/90 DOA8Y/L0 | DOA LV/LO | DOAEV/LO | DOA LY/LO | DOAOV/LO | DOA 6€/L0 [(Suol) DOA wusia
£661 9002 B 100Z,

sssm«_eogg
(20N siowsia Aq sol. 4o Kiewiung|

1661 0} 9AlEI9Y DOA JO Alewiwns - 8z djgel



%LS %S %y %0S %685 %LS %8S %ES %9S %9S %9S %LS %LS %9S %95 %LS %9S %9S %LS %9S %9S %LS %9S %LS %9S %9S %9S %LS %LS %LS %SS %8Y %SS %\S %6 %SS (1E30) 2661 %
%8S %8S €S %8S %8S %95 %69 /08L %8S %LS %8S %8S %LS %8S %8S %8S %69 %8S %09 %¥9 %8S %E9 %8S %19 %LS %8S %8S %19 %69 %99 %S9 %09 %S9 %65 %65 %S9
%9Ch %9Ch 29 %804 Y%erh %CEL %lvL /oBL %Ll %0EL %0EL %lEL %0EL %0EL %0EL %LEV %0EL %lEL %0EL %CEL %lEL %SEL %6k %YEL %lEL %0EL %0EL %Ll %6CL %Ly} %Ll %E0L %YEL %S0k %56 %9Lb
%L€ %L€ 144 08 %€ %2 %LE of %1€ %1€ %1€ %1€ %1€ %1€ %1€ %L€ %1€ %1€ %1€ %EE %1€ %CE %1€ %EE %1€ o€ %1€ %0€ %CE %6E %SE %6C %9E 33 %6C %€
%004 %004 18 /o6 %lLb %20k %601 9€L %L0b %20k %L0b %L0b %L0b %001 %001 %004 %001 %EO0L %20k %¥0L %001 %EO0L %L0b %66 %L0b /066 %001 %66 %olLLL %PLb %S0k %26 %¥0L 6 %26 %E0L
%L€ %l€ %2l 008 %SE %EE %EY %0€ %CE %CE %CE %CE %CE %CE %1€ %2 %CE %CE %CE %¥e %CE %EE %CE %¥e %CE /o€ %CE %CE %SE %ty %0% %2 %0¥ 9€ %€ %ol¥
%S84 %S84 %ELY %894 %06} %S84 %981 %SG b %981 %981 %¥8L %881 %L8L %981 %581 %S84 %881 %581 %BLL %¥6L %881 %881 %9LL %28L %981 281 %L8L %26k %061 %0L} %891 %65} %Ll %eSh %8¥} %09}
%0€E %0€E %S¥T %SLT %9LE %662 %rve %SCE %1€ %SCE %82€ %€ %1€ %02€ %SCE %cee %2€ %6LE %6LE %6EE %92E %00€ %1€ %2e %SCE %6LE %2e %2e %ETE %LST %EYT %ELT %0¥C %S6Z %E6T %ETE
1 1 €9 89 0L 89 9L 0S 09 09 /609 /609 609 /609 /609 19 /065 6! 89 6! /0S9 099 o9 /065 o}9 09 29 19 L L 69 2 %9 /o 89
3 3 3 14 1S 6Y g 14 14 /005 /005 o} S /00 /o6 05 /00 Y 0! /0SS /00 /08 /00 /005 0! IS 6Y 34 0f 14 6 %9E /o {4
9f 9f b 34 14 e 14 o /oS /oSt /oSt /oS /oSt St /oSt tid 144 o /oS /oS /oS /oS o 144 144 144 € b %2l 4 144
L L £ v € LE LE LE LE € e € e € € i€ i€ 8€ 1g3 € /ol S€ Buo | unmy|
92 92 € Ve v € € 43 23 23 33 € € € € € € € € € € 0f fof €€ Ao uoojmoy
134 134 v 14 14 v v 34 34 W 134 14 14 v 14 vt 14 14 14 14 v v 14 v 14 v 8! /oS %t 0od Inys weys|
143 143 1g3 1g3 € £ v v 1g3 b /ol %EE Buo wiisy nex
%2 %2 %2l %2 Ve 4 4 4 14 4 8 LT %2 usyinos
%2 %2 %2l € %2 9 v v v b 4 b € %2l %¥T wejseq
%¥T %¥T %0T 9 %9C L 9 9 9 L 9 L € L S %ST %8C 1By ueM
%0L %0L %28 059 /€L %2l LL €S )L 089 089 /089 L /089 /089 /069 L 089 L 09L 089 /069 L /089 /089 fobS L 059 LL o€L /085 9L | el | %89 %08 UIB)SaM g [ejus)
dSH 06/9L | dSH 68/9L | dSH98/9L | ISH ¥8/9L | dSYHE€8/9L dSy z8/9L dSH¥SL/9L  dSMP9/9L  dSMSS/9L | dSMPS/9L  JSMES/OL | dSMTS/9L | dSH LS/9L  dSYH 0S/9L dSY 6v/91 dSy 8v/9L dSY /9L dSM9V/9L  dSMSP/OL  dSMPP/OL  dSMEV/OL  dSMIV/OL  dSM LP/9L | dSMOP/9L | dSM6E/9L | dSHBE/9L  dSH LE/9L | dSH 9€/9L dS¥ SE/9L dSy €2/91 dSy 1Z/9L dSH 6L/9L | dSH8L/9L | dSHZLIOL | dSHO0L/I9L | dSH80/9L «u_‘_«mﬁ_
9102
%8Y %Ly %y %8Y %08 %9¥ %8Y %8% %8Y %8Y %8¥ %8¥ %8¥ %8¥ %8 %8 %8 %8Y %8¥ %8¥ %8¥ %8% %EY %Ly %Ly %8% %SY %y %Ly (12303) 2661 %
18303 266}
%E9 %09 69 %19 %¥9 /oL %¥9 %29 %€9 %E9 %E9 %19 %L9 59 %E9 %E9 %19 %E9 %E9 %29 %E9 %19 65 %¥9 %9 %09 95 LS %€9 %29 UeM uens] |
%L0b %L0b 8L %011 %611 fob L %ovbb %801 %804 %801 %801 %L0b %obLb 6 %L0b %20k %801 %801 %L0L %801 %801 %L0b W %ovbb %ELY %904 €6 68 %10} %904 Buny les
%6C /08C ST %6¢ o€ /o€ /00 /06 062 %6C /06C /06C /00 /06 /08C %6C /06 /06 /06C /06C /06 9 /00 008 008 L 9 062 008 uil eus|
%Ll 099 LL %9L /oBL 601 /oSL foL L oL L %Ll foL L foL L /08L foLL /0S8 %Ll foL L foLL /08L foL L foL L 0. /oSL /0SL oL 2 2 /0SL /oSL YuoN
%8¢ /09C 44 %LT /oS %9C /o€E /08C 08 %8¢ /08C /08C /00 /08C 09C %8¢ /08C /08C /08C /08C ol L /o€E 433 V€ 0f 6 /€ oV 0d el
%CEL 8L 8L %ZEL 951 %9Ch LEL €EL %EEL %ZEL vEL LeL 43 43 €EL L2 %ZEL vEL vEL vEL LEL €EL %LTh 9€L %9EL %Lyl %¥veh %0Ch %8¢k %CEL Buo uenp|
%99C %65C %SYT %L9T %29C %0SC %LST %99C %99C %99C %S9C %¥9C %85C %L9T %892 %L9T %99C %29C %99¢ %99C %S9C %99C %8¢C %SSC %SST %LLT %1SC %6¥C %042 %042 pues|
L 14 144 1 29 9 9 v 29 0SS 09 %LS 0SS /0SS %8S 85 unpy uany |
€ L 9€ 9€ 1g: £ 9 %LE S 14 %9€ LE Buis] remy|
2 e e € 4 b 1 %2l b b %ET €2 us e} Buom|
L v 1g: 4 € £ %2 %2 €€ Buo | unmy|
L 15 S L L L L L W € %L€ %2 Ao uoojmoy
0 6! 14 0 14 0 0 0 144 (U4 %6E %0¥ od Inys weys|
€ v € 3] v € € € £ %2 € Buo wiisy nex
L L L L L L L L L L L L L L L L 9 1 1 %9C 92
8 L L 8 8 8 8 L 8 8 8 8 8 L L 8 %2l S € %2l %¥T ST
1Z 1Z 1Z 1Z 1Z b 1Z 1Z 1Z € 1Z 1Z 1Z 1Z 1Z 1Z 1Z 1Z %2C b b %¥C %SC 92
059 059 €9 /069 /08! /oS L 099 099 L 059 /069 3 L9 059 L 099 059 /065 fobS /069 099 %2€ /08! /08E %29 oS %08 %85 009 UIB)SaM g [ejus)
dSYH L0L/LL  dSH90L/LL  dSHSOL/LL  dSHVOL/LL  dSH €0L/LL  dSH L6/LL | dSYH €6/LL dS¥H 06/L1 dSy 68/11 dS¥ 88/LL | dSM/8/LL  dSMP8/LL | dSMES/LL  dSMT8/LL  dSMI8/LL  dSMO08/LL  dSMELLL | dSM8LLL | dSMLLLL  dSMO9LLL | dSMSLLL dSy vL/LL dSy LLLL dSHdE9/LL | dSM69/LL | dSMSS/LL | dSMPPILL | dSMEVILL | dSMZPILL | dSH L¥ILL «u_‘_«mﬁ_
Loz
%S %9S %S %LS %CS %9S %LS %LS %LS %LS %LS %LS %LS %LS %LS %LS %LS %LS %LS %LS %LS %LS %S %¥S %9S %95 %8L %6L %hLL %hLL %hLL %hLL (12303) 2661 %
18303 266}
/098 /068 /006 /06 /0S8 %98 /o}6 /06 /006 /o}6 /ov6 /o}6 /06 %26 /0L8 /006 /006 %E6 /o}6 /o}6 /o}6 098 /088 098 006 /0L8 %CEL %LEV %EEL %9E} %EEL %YEL UeM uens] |
ov6 /066 /oSL /0€6 /0€6 %20k /0€6 /06 /o¥6 /o¥6 o0l8 /008 /056 %6 /0€6 /o}6 /0€6 %E6 /0€6 /0€6 /0€6 /06 098 /088 /o6 /0€6 %01} %01} %60} %01} %804 %60} S|
09€ /oL /00 /08E /oS %6€ /0B6E /00 /00 /08E ob¥ /06E /08E %0 /06E /06E /06E %6€ /06E /06E /06E /08E /08E /06E 0¥ /00 %09 %29 %19 %29 %29 %€9 uil eus|
%LL} 611 051 V43 1413 %ETL 1443 143 9z 611 %9Ch 743 9L %cch 743 0z 743 %cch 743 0z 8L 611 743 1443 %LTh 92 %08} %L8} %89} %9L} %9L} %L} YuON
%€ %9€ %¥e %8E %¥e %0 %0 %2y %2y %8E %l¥ %6€ %SE %y %6€ %6€ %8€E %0 %6€ %8€E %8€E %6€ %6€ %0 %l¥ %2y %Sy %8Y %9y %L %l %LY 0d el
%9S b %091 %29k %¥9L %ESL %0LL %9LL %891 %2LL %¥9L %LLV %S9k %obLL %CLl %L9L %S9k %S9k %¥9L %991 %991 %E9L %691 %551 %951 %19} %19L %98} %16} %8l %8LY %LLV %EBY Buo uenp|
%c6} %002 %26k %60C %oLLL %¥0C %SLe %vLe %vLe %60C %ELT %60C %60C %vLe %602 %60C %60C %802 %602 %602 %lle %02C %60C %802 %91 %LlT %602 %902 %9€T %0¥C %8ET %8ET pues|
L 0L /0SS /069 S /609 /085 /09 /065 /0L9 %09 /089 89 /09 9 69 /089 69 89 /089 /089 9 95 12 0SS 95 18 6L 8L /ol 8 %28 /8L unpy uany |
4 144 1314 /oS 14 /oS /oS /oS /oSt /oSt 144 /oSt 144 /oSt 14 144 /oS 144 144 /oS /oS 14 144 144 St id 65 19 95 695 %LS /oSS Buisy remy
C 0€ LE 43 €€ €€ 143 43 9€ 43 43 43 € 43 1g: 43 € 14 143 09 19 09 /085 %885 65 us e Buom|
£ 8€ 6€ 8€ 8€ 86 8€ 8€ 6€ 6€ 6€ 86 e 86 8! 8€ 8! 8€ 99 €9 09 0SS %95 W Buo | unmy|
e 43 €€ 43 €€ 143 €€ 43 €€ 43 €€ 43 € 43 1g: 43 £ 143 S 95 S 0CS S ! Ao uoojmoy
05 S S S S S S S €S S S S S S S 3 S 18 %28 98 0L8 98 od Inys weys|
%2l 14 14 144 14 14 14 214 34 144 144 14 144 144 144 14 14 34 14 19 %L9 09 /085 65 Buo wisy nex
%l€ € 23 € € € € e e e € e 23 € € € € € %2 € LS %LS S oS S usyinos
%6C € 0€ € € € € 0€ 0€ 23 € 0€ 0€ € € € C C %0€ € €S %¥S S /€S €S wejseg
%9C LT LT L 4 4 4 4 LT LT 82 4 LT LT LT LT 4 4 LT %8C C 05 %28 05 /0BY 6Y ey ueM
%EY. /oS o0t /095 L /06€ 14 /095 14 /095 ol /095 095 /095 /095 L 095 095 L 095 0€S 0€S 0€S %¥S /0SS 18 oLl LL 0L8 /098 LL UIB)SaM g [ejus)
dSYH L01/90 = dSH 90L/90  dSH ZOL/90 = dSM 86/90 = dSM L6/90 = dSMUG6/90  dSHM ¥6/90 = dSM T6/90 = dSY 16/90 dSY 68/90 dSY 98/90 dS¥ G8/90  dSM¥8/90  dSM€8/90  dSMTB/90  dSH 18/90  dSHU 08/90 = dSMUBL/90  dSM LL/90 = dSHM9L/90 = dSMUSGL/90 = dSH 8S/90 = dSY ¥S/90 dS¥ 25/90 dS¥ 05/90 dSY 6v/90 dS¥ 8Y/L0 | dSHLP/L0 | ASMEV/LO | dSH LP/LO | dSHMOP/LO | dSH 6E/LO [(Suol) dSYH
£661 9002 B 100Z,
1661 03 dAnE];
(ds¥) si

1661 0} AN dSY JO Alewwns - Jz°G djgel



T HELT %651 %161 %I %SV %12 %2V %I %ET %I %ELT %ET %ELT %HZNT %ELT %I %I %9V %2V %ET %LV %2V %V %2V %2V %I %liT LT %V %SIT %881 %IIT %061 %161 LT %9IT (1e303) 2661 %
12753 1210} 2661
%152 %152 %922 %9V %2 %L %662 %LVE %6V %SV %SVT %052 %SVT %SVT %6V % %052 %8V %bST %S9 %8V %SLT %25 %652 %he %LV %OVE %SV %LV %zl %062 %092 %282 %.SC %092 %962 %v8z_|vel uep uens |
%9€5 %9€5 %E0E %Ll %865 %915 %819 %.5€ %295 %ELS %ELS %ELS %2lS %895 %015 %695 %ELS %S1S %185 %815 %915 %165 %695 %285 %S1S %L1 %ELS %EVS %655 %929 %655 %L Ly %565 %bLYy %82Y %805 %955 |15 6uny es;
%LEL %LEL %501 %821 %351 %Lyl %L91 %b9L %8EL %9EL %LEL %LEL %LEL %9EL %SEL %9EL %9EL %LEL %6EL %evL %LEL %olbl %LEL %9Vl %9EL %9EL %9EL %2EL %6EL %081 %951 %SEL %091 %61 %2el %251 %29l |s€s uil eys
%E0E %E0E %922 %2l %9LE %21E %LEES %Shh %908 %808 %E08 %E08 %E08 %108 %E08 %208 %E08 %808 %0LE %2LE %b0E %0LE %808 %008 %S08 %008 %208 %962 %bly %S8E %0EE %L12 %ELE %EIT %692 %02€ %80¢ |18 YHoN
%621 %621 %06 %921 %8YL %LEL %081 %0Z) %bEL %2EL %2EL %2EL %2EL %2EL %0EL %LEL %LEL %2EL %bEL vl %2EL %8EL %2EL vl %LEL %LEL %LEL %821 %6vL %881 %891 %61 %0LL %ES) %bbl %L1l %18l |s6C od ey
%S %S %SEE %26Y %LLS %SYS %2ES %evh %vS %EVS %6ES %8YS %hS %LbS %0vS %O0YS %LV %0vS %SES %bLS %LYS %095 %125 %LLS %SYS %bvS %OV %OVS %695 %361 %605 %6l %161 %EEY %L %26Y %28y |v8l BuoT UanA
%EZ0L %EZ0L %E68 %156 %.201 %156 %189 %516 %E66 %166 %110k %500k %166 %586 %500k %586 %266 %b16 %vE0L %1801 %866 %588 %596 %686 %800k %516 %.86 %8511 %216 %0SL %obrvL %659 %699 %096 %9EOL %bSLL %6901 |19 puels|
%861 %861 %28l %E6L %6l %102 %222 %651 %06} %06} %681 %261 %681 %161 %06} %161 %681 %06} %261 %181 %681 %902 %102 %561 %181 %E6L %161 %961 %E6L %881 %022 %961 %202 %0LL %51l %.61 %v8L |4l unjy uen |
%bLl %bLl %2LL %22l %ELL %L1l %olbl %8vL %.91 %ELL %Ll %Ll %SLL %ELL %Ll %bLl %Ll %ELL %SLL %SEL %obrLL %961 %ELL %991 %ELL %obrLL %obrLL %6LL %0LL %0v) %8vL %821 %0vL %621 %LEL %61 %8Vl [evS Buis femy|
%.61 %.61 %201 %ELL %SLL %381 %921 %991 %081 %802 %902 %S0 %b0Z %S0 %902 %S0 %b0Z %02 %02 %Ll %0LZ %922 %902 %L61 %902 %b0Z %902 %361 %661 %bLl %EZL %911 %22l %041 %ELL %92} %€l |vel uss fe Buom
%LL) %LL) %821 %191 %61L1 %381 %161 %281 %9LL %281 %081 %181 %081 %6LL %181 %081 %081 %181 %981 %9LL %281 %161 %081 %b8L %181 %081 %081 %L91 %eLL %8l %SLL %291 %981 %291 %951 %LL) %28l |vie Buo) unmy
%05} %05} %911 %2l %06} %361 %.61 %obrLL %681 %8LL %9LL %6LL %181 %281 %8LL %18l %6LL %8LL %b8L %b8L %081 %981 %6LL %181 %281 %8LL %6LL %.91 %0LL %981 %161 %51l %161 %69} %L1l %681 %681 |492 A0 uoopoy
%bLl %bLl %SYL %651 %191 %491 %b6L %SHT %S9L %.91 %691 %0LL %Ll %0LL %691 %0LL %691 %.91 %obrLL %8LL %Ll %b8L %0LL %Ll %691 %691 %691 %.91 %991 %18l %261 %9l %981 %851 %651 %8l %28l |vhe 0d Inys weys
%S9} %S9} %EEL %8EL %bbl %bbl %Ll %981 %251 %251 %ES ) %951 %151 %151 %ES ) %951 %951 %ES ) %19k %094 %Sk %29k %SSH %8Sk %SSH %Sk %SSH %8YL %Sk %191 %Ll %ES) %491 %EYL %81 %09} %E9L  |Lie BuOW wisL neA
%451 %451 %LiL %9e L %05} %651 %081 %b6L %951 %951 %951 %bSL %851 %851 %851 %09} %851 %951 %851 %851 %091 %ES ) %851 %951 %951 %0V L %251 %9Vl %SvL %891 %eLL %2yl %bLl %9¥) %Lyl %0LL %iLl |2yl wayinos
%6L1 %611 %EEL %Lyl %891 %SLL %051 %29) %891 %0LL %891 %0LL %0LL %691 %0LL %0LL %891 %891 %Ll %Ll %hl %691 %891 %691 %891 %LLL %SLL %bSL %651 %0v) %81 %bel %SYL %821 %LEL %bhl %bvl  |90Z weise3
%beL %beL %S4 %61 %LEL %SYL %091 %Ll %ShL %Sl %obrbl %obrvl %ShL %9Vl %obrvl %Lyl %brbl %ShL %olbl %9Vl %8S L %eVL %obrbl %ShL %obrvl %Lyl %obrbl %0EL %SEL %YL %851 %SYL %951 %byl %051 %9l %29l [eLl 124D UM
%6€ %6e %962 %85€ %0LE %618 %668 %bES %S98 %198 %198 %198 %098 %198 %098 %29€ %85¢ %098 %098 %268 %298 %152 %098 %098 %098 %898 %LVE %65€ %8EE %2LE %L68 %EEE %E8E %EVE %8YE %96€ %26€ SISO B [EAUBD)
Qid 06/9) | Qud 68/9) | QNd98/9) | Qud v8/9L | Qud€s/9) | QudZ8/9b | QNdSL9L | Qud vo/9k | QudSS/9L | Qud vS/9L | Qud€s/9t | Qud Z5/9b | Qdd 1G/9) | Qud 0S/9h | Qud6vi9l | Qud 8viol | Qud Zvi9b | Qud 9v/9) | QudSvi9l | Qud b9 | Qudevi9l | QudZviol | Qud Lv/9b | Qud 0v/9L | Qud 6¢/9) | Qud 8e/9) | Qud Le/9) | Q¥d9e/9 | QudSe/9l | Qud€2/9r | Qud 12/9b | Qud6H9L | Qud 819 | QudZh9l | Qud 019 | Qud80/9% | Qud L0/9k |(suo) Gud
%081 %Ll %691 %E8L %681 %SLL %081 %081 %081 %081 %081 %Ll %E8L %081 %081 %081 %081 %Ll %081 %081 %081 %6LL %E9L %6LL %6LL %E8L %L91 %991 %281 %281 (ie303) 2661 %
12753 1230} 2661
%8V %EET %IET %bve %992 %682 %9 %8VC %EST %152 %152 %bve %ele %192 %bSC %EST %SVE %EST %EST %bSC %6V %OVE %ELT %652 %092 %052 %8ET %122 %192 %95z |vel e uens |
%SEY %bEY %95€ %2Sh %805 %208 %06t %SEY %8EY %IEY %LEY %bEY %LSY %86¢ %bEY %bTh %IEY %IEY %IEY %SEY %LEY %LEY %166 %161 %881 %SSY %0V %28 %.Zy %6y |15 Bun tes;
%0EL %bTl %ShL %621 %0V L %8EL %EEL %0EL %0EL %621 %0EL %621 %bEL %621 %621 %9ZL %0EL %621 %LEL %621 %0EL %621 %L1 %bEL %bel %beL %12l %L1 %0EL %EEL |9€S uil eus
%822 %02 %b2T %122 %2ET %S5E %6LC %922 %822 %122 %922 %922 %YET %SVT %922 %092 %922 %922 %822 %122 %122 %922 %002 %222 %122 %1T %6l %661 %612 %viz |18 YHoN
%941 %041 %96 %S L1 %L %901 %8EL %GhL %911 %obrhL %ShL %ShL %EZL %604 %ShL %601 %941 %GhL %oLbL %941 %941 %obrhL %511 %8EL %8l %2yl %921 %12l %LEL %Lyl |s6e od ey
%Y8E %65€ %IEE %88€ %LSY %0LE %86¢ %188 %98 %588 %98€ %6LE %ELY %S9€ %98€ %19€ %b8E %68€ %06€ %06€ %188 %88€ %85 %86¢ %166 %Ly %.SE %ESE %6 %166 |v8l 6uoT UanA
%116 %088 %068 %916 %018 %oLbL %8v8 %EL6 %EL6 %216 %216 %606 %b98 %226 %926 %126 %EL6 %E88 %606 %506 %ELE %L06 %E28 %ev8 %0v8 %116 %598 %168 %L16 %EE6 |19 puels|
%ELL %081 %181 %681 %981 %8EL %Ll %Ll %2l %Ll %Ll %SLL %9LL %6LL %Ll %8LL %eLL %obrLL %Ll %Ll %9LL %Ll %451 %691 %691 %E9L %05} %ES) %991 %voL |4l unjy uen |
%02} %941 %941 %1Z) %bEL %bZl %9Z) %12l %02} %0Z) %02} %12l %LEL %921 %02} %EZL %02} %81 %2Z) %61 %12l %61 %02} %921 %921 %821 %611 %811 %821 %lZl  |evs Buis | femy|
%2bb %S0k %041 %604 %941 %6EL %bLb %Zbb %L1l %2kl %2kl %04 %941 %GhL %obbl %2kl %obbl %obbl %otk %ELL %obbl %2kl %901 %2kl %ELL %L1l %501 %401 %511 %zl |vel uss fe| Buom
%LSk %SSH %LEL %891 %S9k %Sk %094 %951 %954 %951 %.51 %951 %991 %9EL %951 %ES ) %951 %951 %851 %951 %051 %151 %Lyl %651 %09} %951 %EYL %8EL %151 %vSl  |vie Buo) unmy
%hl %6EL %2EL %8EL %081 %evL %Ll %olbl %0v) %hhl %olbl %8EL %olbl %olbl %0V L %evL %olbl %evl %evl %evL %0V L %hl %E9L %Ll %2l %L1l %451 %451 %0LL %69L |492 A0 uoopoy
%891 %851 %851 %E9L %8LL %6LL %691 %29) %E9L %29L %E9L %29) %081 %691 %E9L %S9) %29) %E9L %991 %891 %891 %29) %ES) %891 %891 %E9L %8Y1 %Lyl %191 %LoL  |vhe 0d Inys weys
%2Sh %LL %L %l %ESH %SSH %05k %Sk %08} %LSk %Sk %9PL %651 %951 %Sk %2Sh %Sk %Sk %ESH %ESH %6Y1 %Sk %L %6PL %8YL %0¥L %0E ) %EEL %l %ovl [T BUO Wis] ne|
%621 %SZh %EZL %621 %621 %ES ) %SZh %621 %621 %LEL %621 %821 %821 %0EL %621 %0EL %0EL %621 %obrvl %0EL %0EL %621 %bLl %SZh %52l %2l %bLl %511 %92} %eTL  [evl wayinos
%Sk %9PL %LL %ESH %L %0V L %LEL %151 %151 %251 %251 %051 %151 %ES ) %251 %251 %151 %251 %6EL %151 %6V L %251 %821 %LEL %LEL %LEL %52l %42l %LEL %vel  |90Z weise3
%LEL %821 %921 %0EL vl vl %8EL %LEL %0EL %LEL %LEL %621 %821 %LEL %0EL %0EL %0EL %LEL %bEL %0EL %621 %LEL %0E L %LEL %LEL %0YL %2el %SEL %SYL %ivl |2l 124D U
%brve %9EE %8EE %b9e %eET %192 %b2T %LVE %L¥E %6vE %EVE %098 %EVT %25E %bve %15€ %9VE %SYe %128 %9EE %098 %bve %861 %b2T %22 %21 %912 %512 %S08 %E0E |98l SISO B [EAUBD)
Qiid 01/1} | Q¥d 904/LL | QN SOL/LL | Q¥d vOM/LL | QN €0L/LL | Qud 6L | Qude6/bh | Qud06/lL | Qud68/bl | Qud88/kL | Q¥d /8/bh | Qudb8/bl | Qud€8/bh | Qud2Ze/bl | Q¥d 18/bk | QNd08/bL | Qud 62/bk | QNdBLLL | Q¥d ZJLh | Q¥dOLLL | QudSZLL | Qud vl | Q¥d bbb | Qudd69/kl | Qud 69/L) | QudSS/kh | Qudvwill | Qudevikl | QudZvilh | Qud bwikh |(Suo)) aud sl
110z
%lbl %9Vl %abrvl %051 %oLEL %9Vl %6v L %151 %051 %6Y1 %151 %051 %6v L %151 %051 %051 %051 %051 %051 %051 %6v 1 %6v L %evl %yl %8yl %8Y1 %ETL %9Z) %ETL %veL %veL %veL (ie303) 2661 %
12753 1230} 2661
%vET %ve %SSC %EST %922 %The %152 %852 %EST %052 %192 %25e %bSC %652 %IVT %6V %252 %092 %EST %EST %S5 %VT %EVT %Ve %15 %EVT %012 %.2e %L1 %2 %612 %02z |vel e uens |
%EST %L62 %122 %182 %282 %808 %062 %882 %262 %282 %S %LVT %882 %282 %082 %6L2 %182 %282 %EBT %182 %082 %L1T %692 %L1T %812 %Y8e %91l %9LL %0LL %2l %0LL %LLl [1S Buny tes;
%904 %bbh %LLL %ELL %LO0L %941 %941 %LLL %LLL %ELL %02} %S L1 %L %LbL %ELL %941 %otk %GhL %GhL %otk %ELL %ELL %041 %041 %bil %941 %E0L %501 %01 %501 %501 %501 |g€s uil eys
%902 %LIT %S62 %022 %002 %622 %YET %6EC %LET %612 % %bZT %LIT %0ET %222 %Y %EZT %922 %S2T %122 %LIT %612 %6LZ %812 %2€ %822 %L %8V %122 %2 %.22 %2z |18 YHoN
%06 %6 %.8 %16 %26 %201 %b0L %901 %901 %86 %501 %66 %E6 %b0L %66 %004 %86 %004 %66 %86 %16 %66 %86 %86 %E0L %b0L %bL %Ll %eL %eL %eL %L |s6C od ey
%162 %S08 %bLE %ILE %208 %928 %EEE %128 %EEE %ILE %LYE %LLE %b2E %2EE %228 %6LE %SLE %LLE %LLE %SLE %SLE %b2E %E08 %b0E %81E %ILE %EET %052 %8ET %EET %2€T %Ove |v8l 6uoT UanA
%vES %bvS %E6Y %bv9 %805 %bES %E29 %8E9 %829 %2h9 %029 %bv9 %EVY %E29 %EVY %S9 %bv9 %LE9 %2h9 %EVY %8v9 %EVY %885 %915 %509 %109 %Ll %0V %E0S %b1S %805 %L05 |19 puels|
%SYl %olbl %EZL %evL %0Z) %621 %.2) %EEL %.2) %olbl %0E L %olbl vl %LEL %olbl vl %obrvl %brvl vl %obrvl %obrvl %8EL %021 %61 %2l %EZL %bLL %liL %801 %bLL %bLL %L0L |41 unjy uen |
%601 %ELL %E0L %941 %904 %ELL %ShL %81 %81 %oLbl %801 %941 %04 %81 %02} %941 %LbL %obhl %ShL %941 %oLbl %oLbl %04 %604 %ELL %941 %68 %06 %38 %38 %98 %8 |evS Buis | femy|
%00} %204 %0z} %L0L %801 %801 %04 %04 %2kl %L01 %02} %604 %04 %801 %L0L %GhL %801 %801 %obbl %801 %L0L %L0L %L01 %904 %Ll %04 %901 %401 %01 %E0L %E0L %v0L |vel uss fe Buom
%EZ) %921 %SZh %SZh %lLbL %bZl %STh %LbL %921 %SZh %821 %821 %821 %92} %SZL %bTl %SZL %SZh %SZh %9Z) %bZl %oLbL %81 %LbL %12l %2Zh %02} %Ll %901 %56 %96 %L0L |vie Buo) unmy
%bLl %81 %2Z) %02} %61 %bZl %bZl %EZL %EZL %02} %2l %02} %2zl %1ZL %02} %02} %02} %1Z) %bTl %02} %614 %921 %61 %oLbl %22l %EZL %201 %041 %401 %E0L %01 %L0L |492 A0 uoopoy
%9vL %Sk %6Y1 %ESH %2l %Sk %ESH %bSL %951 %ES ) %951 %bSL %251 %bSL %bSL %951 %bSL %851 %851 %851 %ES ) %051 vl %olbl %8YL %8vL %0E ) %0E L %61 %yl %Lyl %ivl  |vhe 0d Inys weys
%0EL %LEL %0EL %0V L %.2) %LEL %2EL %EEL %EEL %6EL %bel %LEL %0V L %6EL %0V L %bEL %0V L %0V L %bEL %6EL %6EL %LEL %921 %SZh %0E ) %LEL %S0k %811 %041 %0k %804 %Ll |Le BuoW wisL neA
%401 %04 %1Z) %601 %ELL %02} %61 %2Zh %02} %604 %12l %601 %604 %604 %601 %04 %604 %601 %04 %601 %81 %61 %oLbL %obrhl %611 %61 %01 %401 %E0L %E0L %E0L %E0L [2vl wayinos
%12l %EZL %02} %2Zh %1Z) %bZl %EZL %2Zh %bZl %EZL %22l %bZl %bZl %EZL %2Zh %SZh %61 %EZ) %bZl %EZL %2zl %EZL %1Z) %81 %EZ) %EZL %801 %601 %801 %901 %901 %601 |90 weise3
%ZLh %Zbb %811 %L %S L1 %LLL %LLL %811 %611 %Ll %611 %GhL %941 %941 %obrhl %941 %otk %ShL %941 %ShL %941 %81 %LbL %obhl %611 %61 %01 %801 %901 %201 %E0L %L0L |2zl 124D UM
%18l %981 %GLL %b6L %251 %191 %LLL %61 %LLL %b6L %.L) %b6L %b6L %61 %b6L %861 %61 %b6L %161 %b6L %obrlL %961 %961 %261 %102 %202 %Sl %151 %ESL %911 %L1l %ESL _|s8l SISO B [EAUBD)
Qiid 201/90 | Q¥d 904/90 | Qdd 20190 | Q¥d 86/90 | Q¥d L6/90 | Q¥ S6/90 | Q¥d v6/90 | Q¥ 26/90 | Qd 16/90 | O¥d 68/90 | Q¥d 98/90 | QudS8/90 | Qd v8/90 | Qud €8/90 | Q¥d 28/90 | Q¥d 18/90 | Qd 08/90 | QN 8L/90 | Q¥d /2/90 | QN 9L/90 | Q¥d S2/90 | QN 8S/90 | Q¥d vS/90 | QMd2S/90 | Q¥d 0S/90 | Qdd 6v/90 | Q¥d 8V/10 | Quid Lv/k0 | Qud £¥/10 | Qdd L¥/k0 | Qud 0¥/L0 | Qdd 6¢/k0_|(SUOY) Qud

2661 900Z 3 100Z|
L661 03 dAeI21 (1snQ Peoy paAed) dSH %
(dsy) s1osia Aq soueueos jo Kiewuing

I I

/661 0} 9AEIOY 1SNQ PEOY PaAEd Jo Alewwns - Bz'G sjqeL



960 %081 %8 %066 %06 %ERE viseL wosks {H 6oL 198} §L |12
960 %BLL %8 %66 %06 7 %ERL b 188, WaISAS (IH 'QIPL'W9S)| %L |10
980 %Eol %eY % b8 %6 b %eg) puswag isea (07'ANOL 'PS) L |HLOZ
860 %6841 %Ly . %06 %68 b s apl pue jredp  deg  |110Z
860 %6L1 %t %066 %68 L wegl 9SBH IH'OIEL 19| 69 [1102
00'} %E8L %8Y AL %18 %994 Lood erey 1d| 68 (1102
£6°0 %i91 %SY %96 %68 %911 spoog wnipay JeD ubIH - p¥ [1L0Z
990 %991 %by %L8 %18 %851 SPOCO WNIPAW JeD WNIpaW| £ [ 1102
§6°0 %281 %ol %26 %L8 %981 _spoo9 4B Jep wnipal | zv (1102
660 %Z81 %8y %10} %086 %81 spooo ybi e YBH 1y 1107
160 %lbl kS %56 %88 %6t ) yimeig winipey - ADsjens podsuel) papuswwadey| /0L (9002
60 %9¥L %95 %10} %16 %lbl umoug ybiH - ABayeng podsuel| pspuswiwoedsy| 9oL 8002
670 %Bbhl %S %66 %68 %okl e 9ooz/peod 100Z| ZOL 9002
160 %US1 %L5 %g0k %E6 ! 11 258U [IEY OM L INOYUM Z 1531 Eeﬁm 86 |g002
880 %LEL %28 %16 % b8 %EEL puewa 1sB21{Q 01 017198} 46 (9002
850 %art %9G %004 %16 Talbl ssepeseg 6 |900Z
160 %YL %S %20} %26 %6Y) o “Awond ged|  ¥6 9002
960 %151 %45 . %86 %18 %Yl dHoL eI mol|  Z6  |900Z
860 %061 %16 . %E0l %EE %6PL _ o hwond yey jojssed aseg| L6 9007
60 %BP L %48 . %ZO04 %EG %6Y1 Aemssaidxq Lod g ssedAg Wayines Wi o/m ‘7 158, weisAS *IAH 'O 1I0L 2 68 (9002
160 %151 %L§ L %z0t %E6 P % _ e oz Isa) waishs TJAH 'O 0L 2 o8 (9002
180 %08} %LG L %Z0b %t8 [ ) Aeg SSOID B YOM oM 'Z1saL waisAg - 'dAH G IIOL ‘7 oueusdS| 6§ 9007
{60 werl | % ~ %eoL %6 | ek vg  [9002
860 WEL | %S P %0l %%6 1 €9 [s00Z
960 %OSE | %iS %E0} %%6 | %0SE m |noy om 'z 153 Eﬁam 'JAH ‘Q oL ‘Zoueusas|  zg (9002
860 %0SL | %LS %E04 %E6 . %Gk ZL oM Z 159, waisAs ‘dAH ‘O lloL ‘zoueusag| 18 9002
180 %0SL %48 %E0L %%6 © %EhE 031 0jm 71581 WAISAS ‘4AH ‘A (101 ‘2 olieusds| 08 (9002
86°0 %0Sk . %G %EDT %EB o %084 6 2inoyY o/m 'z 189 waysAS ‘JAH ‘g0l 'z oueuasg| gz 9002
86'0 %0SL  ;  %iS %E04 %t6 ! %0Si WD oM g 158 L waishS “IAH ‘U oL 'z oueusas| 2L (9002
85°0 %08 | %LG . %E0L %EB %081 21591 waysAs ‘4AH 'Ol ‘Zoueusss| 9. 9002
L60 %6¥L %LS P %20l %286 %8YL L amoy o/m g WaIsAS “JAH 'Q 0L 'z oueURdS| G2 (9002
160 %YL %45 %20) %26 Yoib) L1seL washg ‘JAH ‘O 1I0L 'Z oLeUSDS| 85 (9002
260 %EYL %¥S %56 %88 %etl SPOOGD WNIPa JBD WS pS |S00Z
€60 | %e¥l %¥g %004 %68 %5¥ 1 ) ) Spoog; wnipaiy 1eQ UBH| 28 9002
v60 %BYL %98 %6 %06 %lbl “spoog ybiH leQ winpa| 05 (0007
960 %8t %98 %20l %26 Ylbl spoosy UBIH 1eo ubiH| By (9002
1l %HETH %8s %E0l %201 %611 ~norweBpnaimol|  Br (1002
20't %GZ1 %bL %S0l %r0L %1ZL QaWsWISIICL FMOT|  LF 1002
Lo} %EZh | %ll © %80l %20l | %lZE 1 BWBYIS IIOL /MO EY {1002
Ty %wrZl . %id . %S0l %IOL | %IZH Dawayos loL /MO Ly {100T
z0'l %Pzl %iL D %s0b %20} %igl 18w 0L MO OF  |Lo0Z
20t %zl %Ll %801 %0l %1zl ¥ aweuss oLt 0l 6 [1ooz
21025 Iy | L5661 O1 SANE(R1| LGGL 0} AANERIAI| GG CF aANR[A)| L1661 O} 9ANR[RI| LGEL 1) aseal uondinsag] “oN uny iea)
aysodwoy|  {Isng peoy) (athdye)) J0A % XON % PIn %
dS¥ % SUnRY [apop, Uiy Jo Ariwng

SOLBUSOS JO AlBWWNG - Yg'G ajqel




L'l %Ele %L %2Z1 %204 %EZ2 Iiey BUG) BUOH JNoUIM VZ 158 URISAS| 8% (9102
0 %helZ %95 %1z} %.L01 %eELL dwi D31 Inoyim vz iseL weiskg| Ly (9102
I %ZlZ %95 %1zl %804 %Lz MH A Bujuspip sayung Inouim vz 1saL weisAs|  oF 8102
gLy %912 %18 %LZL %40} %Zee U] BI0-WL Inoupm yZ 1sa) weisAg| - 6b (9102
9Lt %e e %05 %»0Z1 %9061 %62 UIT UBUS OW IB] O} 1A Unmy 05 ssedAg UBULION UD INOUIM WZ ISa1 waishg|  ¥F [OL0Z
AN %ELZ %95 B %4 %i0) %2ZZZ "7 ssedAg upon MH InGURM vz 1saL waiskg|  €F 9102
6Ll | %ilT %LS %ZCh %80t %¥ZT UK DEET - MH InoUliM vz ise), waishs|  zv (9102
AN %Z1Z %85 %LZ) %801 %ZZT _ssedAg weisam WL MO YZ 1531 WAISAS| A (9107
gL'y %rlT %.G %ETH L %0L %PET MUl SWL INoUm vz 1saL walsks| 0y 9102
v %ELT %98 %zl D %801 %22z ‘peod Ld 1SL nouum vz iseL waisAst  6E (9102
ik %z %96 L %IE %901 %ZET L@ 9oy Jnoupm vz 1seL waishg)  ge [e10g
il %e\e %95 154 %901 %Iz OMI InoyIm vz 1saL walsds| Je 9102
gL'l %112 %G . %bTL %801 %ETE ’ ‘selg nejuRT £W - vg saL waiskg|  9E (9102
gL L %ELE %45 i %bZL %30l %922 ’ seig WaypoN b - ¥z iseL walsks|  ge (9102
Iz %biE %25 I %ezl %04 L %92 puewaq )soW (IH ‘Aol ‘iag)| €2 (9102
601 %§12 %S5 %F0L %65 %68+ (AD 187180 Mo 'esed'gnol ‘9s)| 1z (9102
L50 %89 %8 %6 %88 %691 _ puswsag Jsea (mo'gle) g} B (90T
vLL %liT %55 %ill %rOL %l 3 (eseg 'wW'anol "IPS)| @ |90z
90t %0614 %1S %ZL1 %96 %E0Z ) spoog wnipsy e uBlK| - 21 |9102
660 %l6L %6 %46 %06 %vLl o 'spoco wnipei 1eD wNps| 01 9102
601 %12 %5S %0} %66 %981 R ~_spooyybiH Jep wnipa; 8 (8102
91} %8912 %.G %611 %504 %512 spoog b Jeg ubH| £ 8102
860 %081 %8Y %66 %06 %EBL IITF] PUDWIEIQ PUE 1BAR 1B USAMISE (B WNOYIIM ¥ 1581 WIISAS (H 'QIoL 'IRS) 201 [110Z
96'0 %Ll ; %lt %86 %88 %Z81 ) HEY MOd Unm v 1S3L WeISAS (I "QIIoL IPS)| 804 1102
680 | %691 Yokt | %88 %28 %091 “ymose unipa - ABejeng podsuel] popusunnodeN| GOl Y74
B60 ' %EBL %8 L %001 %18 % b8l yimolg ybiy - ABajeng podsuel) pepuswntiodsy|  ¥01 (1102
2oL, %88l %05 %EOL %ES %681 o eseQ Jepioax UBIH| €01 {1102
€60 %GLL %9 %26 %G58 %69L Iley 900E /PEOY LOOZ UiM| 6 {1102
860 %084 %a¥ %66 %06 %ET | uonesbieju| 8Ie Ld| €6 |1L02
860 %081 %8 %66 %06 %Egl _{woy Bunp 0} 1BAA (21) SUI UOOIMOY 1S3 INOUKM b )SBL wasis| 06 (1102
260 %081 %8F %001 %06 %E8} {Dd9) 12D e 0} WoH BunK Jnouym ¢1sa walskg) B8 |110Z
860 %081 : %eF %66 %06 %EBI {pue|s| udain) 6} Uepd Bunayg) sury Buos Buot 15em Ioulm v 1s9L walsAs| 88 [ 1102
860 %081 : %8F %B6 . %08 %E81 (o Yuon o1 [B4uaD) aur] Buoy Buoy uuoN Inoum ¢ )sa) walsAs| 18 |110Z
860 %ELL %8¥ ) %66 | %06 %EBL a0y - xH3) viss L walsAs (H 'gioL o) ve  [L10E
66'D %EBL %8 %66 %06 %EFL Iy nejueT - MK inoyus v 1se) welsAs (H'gNOL 98} €8 {110z
860 %081 %8 %66 %68 %28} Aemybiy) warsed inoyum piseL waishg| z8 {1102
860 %081 %Bb %56 ! %06 %E81 U)Y PEOY NBJUET INOUNM ¢ )Sel walsAs| 18 [31102
860 %084 %8 ! %66 %68 %28l 1T 1SAA-ISET nouim v Isal weisks! o (1102
860 | %08l %8Y %66 %06 %EDL D3l oy F1sa) walsAg| 6L |LIOZ
260 %641 %l %66 %06 %Z81 ~ PEOY id NEUET INOYNM b iseL weiskg| Bz 1110Z
860 %081 %8t %66 %06 %enl ssedAg (euouepn [euaD INouum b iso] weishs| 24 1oz
860 %081 %8t %56 %06 %ER L DM INoUpm pysal wayshkg) 92 102
9100G N[ AG6L O} FAE1DI| LBEL 0F BANNEIRI| JGGL O BAIEIAL: J66L O] BAIRIR)| LGEL O] BAlRR uonduasaq} "oN uny iBaA
E_.Sa;_oﬁ (15nQ) peoy) {edidel);  DOA % XON % A %

| dSY %

L]
Suny |Apoy uiew Jo Arewwung

SOLBUSOS JO AlelwNg - Yz's Qiqel




_ . ' _ Japow Apjenb ue p | yd buisn palsa) wesq sAeyY ., ups payJew so|lEUBIS :__.u
_ 7 __ ‘g1eak ubisap aanoadsal aul Jo Sm_m:m to%_._m_ i _umn:mEEouum o} EEE 0} Em._a_ pleg vl SOUEUDIG € 1S510N

TR %LG _ %zl %L0L %2l L o L wnoupm vz jsaL waisAg| 06 9102

v %ELE %L | %igl %04 %22 L BUISS010 IN0GIBH YLNoA Joym vz 1sal walsAs| 68 |9302

£8 0 7 %651 7 %l b _ %08 %91 %Gl o IMOID MO - ABejens ‘wodsuea] pepuewwodey| 98 |910Z.

Lol %161 %05 __ %66 %26 %ELY " ipmorg winipey - ABsjeng ) podsuzi) papusuwodey|  ¥8  |910Z.

g2’} _ %6 1T * %6G | st %l %BYZ " {puz ubiH) umaro uBiy - ABejesis uodsuel] popuewwodey| €8 9102,

L hSiE %LG ' %0Z1 %201 %022 {puza mo) upmoso yBIK - ABoreng podsuell pspuawwoday| z8  |910Z.

6L} * %1ZZ * %85 4 %Lgh _ %L01 %6LE asedepiogx ubH| 61 |9102

90l | %ElE %ES %ol %56 %EFL i 900Z PUE PEOY 1002 ym  pe 19102

811 _ %iLE 4 %95 i %0zt _ %90} %022 4 UBUS O 8 OF 1A UNMY 0§ g ssedAg uieupoN UODIMA3 MBN UM eInNiselu] papuswWodeY; 65 (9402

Ll %welz %98 Iomizt L w0l %22T JOPIIOZ UIRISAA BX INOUNM 2 IseL waishs|  vG [910Z

v 7 %L _ %9% | %2 | wooy %1eZ 7 ) 1X3 HSOW INOUNM 2 1591 weishgl €5 |9L0Z

gl | wELe _ %4 L %iel | %0l %¥ZZ | 10P12107) UIBISIM JBINO INOUBM Y2 saLwayshs| g5 19102

gL %ELT %l§ i %ZZL _ %01 % ¥l 7 ler] 1522189 T IS NOuNm yZ 1S9 WalsAS) 1 (9102

VL %ELE 7 %98 R #44 YolOt WELZ | | 151 .0) 132115 MOYD UBA BM jnoupm vz 1sal waysks| 05 1910¢

L1l %ZlZ %95 | %zl 7 %901 % L E2 7 LONE)S UEAA 1€ IS INOUIM YZ 153 WalsAs)  6F 9102
IS Y| L6611 21 m.__;:m_a__ 1661 01 ansle|2)’ 2661 0] eAlEal 2661 01 Bale|al ZB6 ) O} BAlleal cczn__.._umm.ﬂ ON Uny 1:2:F N

glsodiod (1snQ peod)| XON % 130 % :

a%___ﬁ; J0A %
dSH %

|
suny |epo Uiey jo Alewading

soleUsDS Jo Aewwng - yz'g 9|qel




THIRD COMPREHENSIVE TRANSPORT STUDY SEA TECHNICAL REPORT
Table 5.2k
Contribution of VOC by Vehicle Types
1987 2001 2006 2011 2016
M/C 2 1 1 3 3
P/IC 1 3 3 1 2
Taxi 8 6 5 5 5
PV 9 9 9 9 8
PLB 8 8 8 8 8
LGV 4 4 4 4 4
HGV 3 2 P 2 1
NFB 7 7 7 7 7
FBSD 10 10 10 10 10
FBDD 5 5 6 6 6
Table 5.21
Contribution of RSP (tailpipe) by Vehicle Types
1997 tailpipe | 2001 failpipe | 2006 tailpipe | 2011 tailpipe | 2015 tailpipe

M/C a 10 10 9 g
PiC 6 5 4 3 3
Taxi 3 4 8= 8 8
PV 8 8 7 6 6
PLB 6 7 6 7 7
LGV 2 2 2 2 2
HGY 1 1 1 1 1
NFB 7 6 5 5 $
FBSD 10 9 8= 10 10
FBDD 4 3 3 4 4
Note: 8= means equal contribution

52.14

5.2.15

Discussion

The Main Model Runs of the CTS-3 have conducted analysis for 99 transport
scenarios (6 in 2001; 26 in 2006; 30 in 2011 and 37 in 2016). The majority of these
are for the purposes of economic analysis, while the remainders are classified into
sensitivity, policy, environmental and main analyses. It should be noted that the
environmental analysis conducted in this SEA study is strategic in nature and the
need, detailed alignment and form of infrastructure should be determined at the
project feasibility study. The discussions of the findings will be organised by Design
Years (2001, 2006, 2011 and 2016} and types of analysis. The Run Numbers will be
referred to instead of the full description of the scenario to simplify the text. All
percentages presented in section are percentage relative to 1997 unless otherwise
stated, ie 200% means that the quantity of emissions is doubled that in 1997, and
50% means the quantity is halved with respect to 1997.

Year 2001

As year 2001 is in the very immediate future, a reasonable set of assumptions could
be made in terms of population, highway infrastructures and other variables. Six

PAGE 5-5



THIRD COMPREHENSIVE TRANSPORT STUDY SEA TECHNICAL REPORT

52.16

5.2.17

5.2.18

5219

5220

5.2.21

5222

analyses were conducted for 2001, mainly to assess the effect of variations in the toll
structure of the tunnels and expressways in Hong Kong. Level 1 analysis has shown
that air pollutant emissions (NO,, VOC and RSP) are insensitive to the toll structure
{See Table 5.2h).

The 1999 budget has proposed a revised toll for the Hung Hom Cross Harbour
Tunnel and Lion Rock Tunnel and a scenario based on this toll was analysed (Run
48).

Run 48 indicates that a 19% overall increase in vkt relative to 1997 is predicted in
2001. The major increases are predicted in the Island District (403%), Yuen Long
District (226%), North (233%) and Tsuen Wan (203%). Reductions in vkt are
predicted in Kwai Tsing (86%) and Tai Po (71%). (ref. Table 5.2c)

In terms of NO, emissions, a 2% overall increase is predicted by the Level 1 analysis.
NO, emissions in the high vkt growth districts also showed significant increase:

Island District (300%), Yuen Long District (218%), North (217%) and Tsuen Wan

(167%). However, in districts where the vkt remain stable, a reduction in NO,
emissions is predicted (between 10-20% relative to 1997). In districts where there
are reductions in vkt, significant reductions in NO, emissions are predicted: eg Kwai
Tsing (73%) and Tai Po (56%). (ref. Table 5.2d)

The VOC emissions show a similar trend in high vkt growth districts: Island District
(317%), Yuen Long District (224%), North (214%) and Tsuen Wan (188%). In
districts where the vkt remain approximately the same, reductions in VOC emissions
are predicted (between 10-20% relative to 1997). Reductions in VOC emissions are
also predicted for districts with reduced vkt: Kwai Tsing (75%) and Tai Po (61%). A
3% overall increase in VOC emissions is predicted by the Level 1 analysis. (ref.
Table 5.2¢)

Significant reduction (up to 50%) of RSP (tailpipe) emissions is observed in districts
where vkt remains similar to 1997. Nevertheless, significant increases are still
predicted in high vkt growth districts: Island District (209%), Yuen Long District
(186%), North (180%) and Tsuen Wan (132%). A reduction of up to 55% in RSP
(tailpipe) emissions is predicted in the Tai Po district. Overall RSP (tailpipe)
emissions 18 reduced by 22% mainly due to the improved emissions standards. (ref.
Table 5.2f)

As paved road dust emissions is a function of vkt, significant increases are predicted
mn high vkt growth districts: Island District (417%), Yuen Long District (233%),
North (241%) and Tsuen Wan (210%). An overall increase in prd emissions of 23%
is predicted for Run 48.

The overall increase in vkt (19%) is offset by the slightly improved vehicle emissions
as indicated by the emission factors (Table 5.2a). The overall pollutant emissions in
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52.23

52.24

5.2.25

5.2.26

2001 remain approximately the same as that for 1997 as reflected in Air Score (1.01)
for Run 48 (ref. Table 5.2h).

Private Car (P/C) emissions contribute to the most vkt (41%), followed by Light
Goods Vehicles (LGV) (20%), Taxi (15%) and Heavy Goods Vehicles (HGV)
(14%). In terms of NO, emissions, HGV is the main contributor (38%) followed by
P/C (20%), LGV (13%) and Double Decker Franchised Bus (11%). Motorcycle
(M/C) and HGV are the main contributors to VOC emissions (27% and 25%
respectively) and P/C contributes about 24% of the total VOC. HGV contributes to
49% of the total RSP (tailpipe) emissions and LGV and Doubie Decker Franchised
Bus about 20% and 9% respectively. (ref. Figure 5.2¢)

A summary of the poilutant emissions relative to 1997 in each district is shown in
Figure 5.28. Reduction in pollutant emissionsis observed in most of the developed
and densely populated urban districts. Significant increases in pollutant emissions
are predicted in the districts with rapidly developing new towns (Yuen Long and
Lantau Island). It should be noted that the significant increase in pollutant emissions
in the Island District is attributed to a major expansion of the local infrastructure.

Year 2006

In 2006, a reasonable estimate of the transport infrastructure can be determined. The
Base Case (Run 95} showed a 47% increase in vkt relative to 1997. The pollutant
emissions relative to 1997 for NO,, VOC, RSP (tailpipe) and RSP (prd) are 91%,
100%, 56% and 146% respectively and the Composite Air Score is 0.95. The
contribution to pollutant emissions by different types of vehicle is very similar to that
for 2001. Various input variables are modified for sensitivity tests for the
Recommended Transport Strategy for 2006.

Four sensitivity analyses were conducted on the fleet sizes of cars and goods vehicles
(Runs 49, 50, 32 and 54). The vkt growth varies between 147% for the High Car and
High Goods Fleet scenario (Run 49) to 138% for the Medium Car and Medium
Goods Fleet scenarnio (Run 54). The NO, emission varies from 92% for Run 49 to0
88% for Run 54. The VOC emission varies from 102% for Run 49 to 95% for Run
54. The RSP (tailpipe) ermission varies from 56% for Run 49 to 54% for Run 54. The
RSP (prd) emission varies from 148% for Run 49 to 143% for Run 54. The
Composite Air Score for High Car High Goods Vehicle Fleet is 0.96 and the
Composite Air Score for Medium Car Medium Goods Vehicle Fleet is 0.92. The
results show that although there ‘s an increase in the vehicle fleet size (both car and
goods vehicle), NO,, and RSP (tailpipe) emissions show a reduction due to the
stricter emissions standards (Euro 1) imposed on these vehicles. However, the Euro
111 standards have less effect on VOC emissions. An increase RSP (prd) emission is
predicted following the increase in vkt.
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Rail Priority

One of the analyses (Run 94) conducted for 2006 is used to accord priomties to
raiiways. The transport model has removed all the competing bus routes for the East
Rail and Tseung Kwan O (TKQ) Extension. When comparing with a scenario with
the competing bus routes (Run 91), it can be seen that reductions in pollutant
emissions are observed. Table 5.2m presents the results in 18 districts for two
scenarios in 2006 with and without the competing bus routes. The table shows the
pollutant emissions for the transport scenario without the competing bus routes (Run
94) as a percentage of those with the competing bus routes (Run 91) ie Run 94 + Run
91 x 100%.

Table 5.2m
Comparison of Scenarios (Rail Priority vs No Rail Priority)
District Run 94/91 Run 94/91 | Run 94/91 Run 94/
% vkt % NOy % VOC % RSP
Tailpipe | Paved Road Dust
Central & Western 99.8% 100.0% 99.9% 100.2% 99.6%
Wan Chai 98.9% 98.9% 98.9% 98.9% 98.7%
Easten 99.4% 99.0% 89.2% 98.7% 98.2%
Southem 99.4% 98.8% 99.7% 88.7% 99.2%
Yau Tsim Mong 88.1% 939.6% 99.3% 99.7% 98.9%
Sham Shui P 98.8% 99.3% 99.0% 99.5% 98.6%
Kowloor City 101.1% 100.9% 101.2% 101.1% 101.8%
Kwun Tong 99.6% 98.6% 99.2% 98.6% 99.4%
Wong Tai Sin 98.6% 86.8% 07.9% 96.2% 98.4%
Kwai Tsing 97.8% 88.8% 98.1% 99.1% 97.6%
Tuen Mun 100.3% 99.4% 99.8% 98.8% 100.1%
Isiand 99.9% 100.2% 100.0% 100.2% 99.7%
Yuen Long 100.0% 101.8% 100.7% 102.3% 99.8%
Tai Po 98.5% 95.2% 97.7% 95.3% 98.3%
North 99.0% 98.1% 98.6% 98.1% 98.8%
Sha Tin 99.6% 97.1% 93.1% 96.8% 99.4%
Sai Kung 99.7% 100.0% 039.8% 99.8% 99.5%
Tsuen Wan 101.8% 101.1% 101.6% 100.9% 101.6%
Total 99.5% 99.3% 89.5% 99.4% 99.3%
5.2.28 A slight reduction in pollutant emissions is predicted in most districts. The reduction

is more evident in districts along the East Rai! - Sha Tin, Tai Po, Wong Tai Sin and
North. NO, emissions are reduced by 2.9%, 4.8% 3.2% and 1.9% in these districts
respectively as Buses are one of the main contributors to the total NO, emission
(16.5%). The RSP (tailpipe} emissions showed a similar order of reductions in these
districts. VOC reduction is less apparent as Buses contribute only about 7% of total
emissions for this pollutant. The reduction in RSP (prd)} is due to the reduced vkt of
the buses serving these districts. Although the temtory-wide reduction is small
(<1%), it 1s evident that promoting rail against road transport can have notable effect
at the local level.
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5.2.29

5.2.30

5.2.31

5232

5.2.33

Recommended Transport Strategy for 2006

A number of analyses have been conducted for 2006 to assist in the formulation of
the Recommended Transport Strategy. Most of these analyses are economic analysis.
The variation in terms of environmental performance for most of the scenanos
analysed is largely insignificant on a territory-wide basis as reflected in Table 5.2h.
The Recommended Transport Strategy in 2006 consists of two scenarios - High

Growth and Medium Growth.

The High Growth scenario (Run 106) shows a 47% increase in vkt relative to 1997.
An 9% & 44% reduction in NO, and RSP (tailpipe) emissions respectively and a 1%
and 46% increase in VOC and RSP (prd) emissions are predicted for this transport
scenario relative to 1997. The Composite Air Score is 0.95.

The Medium Growth scenario (Run 107) shows a 39% increase in vkt relative to

1997. An 12%, 5% & 46% reduction in NO,, VOC and RSP (tailpipe) emissions

respectively and a 41% increase in RSP (prd) emissions are predicted for this
transport scenario relative to 1997. The Composite Air Score is 0.91. Similar to
2001, the overall increase in vkt (47% for High Growth and 39% for Medium Growth
scenarios) is offset by the improved vehicle emission standards as indicated by the
reduced emission factors (Table 5.2a). Heavy Goods Vehicles (38%), Private Cars
(20%) and Light Goods Vehicles (12%) are the main contributors to NO, emissions
from transportation. Heavy Goods and Light Goods Vehicles together contribute to
70% of total RSP (tailpipe) emissions from road transportation. Motorcycles are the
main contributors for VOC emissions due to the lack of current standards to control
motorcycle emissions. However, the Government has planned to the control of
emissions from motorcycles at the end of 1999. All imported motorcycle have to
meet international emission standards before they can be imported to HKSAR. The
effect is less apparent due to existing motorcycles which will only be gradually
phased out in the next 5 to 10 years period.

A summary of the pollutant emissions relative to 1997 in each district for the High
and Medium Growth of the Recommended Transport Strategy of 2006 are shown in
Figures 5.2h and Fig 5.2i, respectively. Pollutant emissions are lower than those n
1997 in developed urban areas due to the improved emission standards imposed on
vehicles and the limited growth in vkt. However, in districts with developing new
towns (Sai Kung, North, Yuen Long and Island) and Tsuen Wan district which leads
to Yuen Long and North, pollutant emissions showed significant increases relative to
1997. This is mainly due to the rapid growth of vkt generated by new highways
infrastructure in these districts with developing New Towns (except Tsuen Wan).

Year 2011

The Base Case (Run 69) considered for 2011 showed a 82% increase in vkt relative
to 1997. The pollutant emissions relative to 1997 for NO,, VOC, RSP (tailpipe) and
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5.2.34

5.2.35

RSP (prd) are 89%, 99%, 47% and 179% respectively and the Composite Air Score
is 0.98. The contribution to pollutant emissions by different types of vehicle is very
similar to that in 2006. Heavy Goods Vehicles and Private Cars are the main
contributors to emissions (ref. Figure 5.2e). It is also observed that Light Goods
Vehicles show an increased contribution for all three pollutants examined.

Four sensitivity analyses were conducted on the fleet sizes of cars and goods vehicles
(Runs 41, 42, 43 and 44). These analyses assumed the same transport infrastructure
and the vehicle fleet sizes are varied. The vkt varies between 184% for the High Car
and High Goods Fleet scenario (Run 41} to 158% for the Medium Car and Medium
Goods Fleet scenario (Run 43). The NO, emissions vary from 90% for Run 41 to
81% for Run 43. The VOC emissions vary from 101% for Run 41 to 87% for Run
43. The RSP (tailpipe) and RSP (prd) emissions vary from 48% and 182% for Run 41
to 44% and 166% for Run 43 respectively. The Composite Air Scores for the High
Car High Goods Vehicle Fleet and Medium Car Medium Goods Vehicie Fleet are
0.99 and 0.93 respectively.

Kwai Chung Port Rail Line (Freight Transport)

One of the scenarios tested is the inclusion of the Kwai Chung Port Rail Line into the
transport model keeping all other variables unchanged (Run 106). Table 5.2n shows
changes in vkt and emissions with and without this development (Run 74).

Table 5.20
Comparison of Scenarios (Kwai Chung Port Rail Line)
District Run 106/74 | Run106/74 | Run 106/74 Run 106(74
% vkt % NO, % VOC
Tailpipe prd
Central & Western 99.9% 89.4% 99.9% 99.0% 97 6%
Wan Chal 100.2% 100.2% 100.2% 100.0% 97.9%
Eastem 98.4% 98.3% 88.3% 97.9% 96.2%
Southemn 99.0% 99.3% 89.1% 99 4% 96.8%
Yau Tsim Mong 99.3% 99.3% 89.4% 99.1% 97.1%
Sham Shui Po 99.8% 89.7% 89.8% 99.6% 97.6%
Kowloon City 100.4% 100.1% 100.3% 99.4% 98.1%
Kwun Tong 101.1% 101.0% 101.1% 100.7% 98.8%
Wong Tai Sin 96.6% 96.7% 86.6% 86.3% 94.4%
Kwai Tsing 99.7% 99.6% 98.7% 99.5% 87 5%
Tuen Mun 107.4% 109.1% 108.2% 110.0% 105.0%
Istand 89.2% 98.1% 98.7% 97.5% 97.0%
Yuen Long 84.6% 90.2% 92.3% 88.3% 92 4%
Tai Po 98.6% 96.9% 98.0% 95.7% 96.4%
North 93.8% 88.6% 91.3% 86.5% 81.7%
Sha Tin 98.5% 97.9% 98.2% 97.0% 96.3%
Sai Kung 101.7% 100.6% 101.4% 99.5% 99.4%
- Tsuen Wan 98.0% 87.5% 97.8% 97 1% 94.6%
Total 99.5% 98.6% 99.2% 97.9% 97.2%
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5.2.36 The scenario with the Kwai Chung Port Rail Line showed an overall reduction in vkt

and pollutant emissions when compared with the scenario without the railway. The
most significant reductions are observed in the North District, where reductions in
vkt, NO,, VOC, RSP (tailpipe) and RSP (prd) are 6.2%, 11.4%, 8.7%, 13.5% and
8.3% respectively. This is probably attributable to the reduction in goods vehicle
traffic in this district. Significant reductions in vkt and pollutant emissions are also
observed Yuen Long where there is usually more journeys made by goods vehicles.
However, increases are observed in Tuen Mun where vkt increases by 7.4% and NO,,
VOC, RSP (tailpipe) and RSP (prd) emissions increase by 9.1%, 8.2%, 10% and
5.0% respectively. Although the overall reduction in pollutant emissions is relatively
small, significant reductions are observed at local levels.

High Cross Boundary Scenario

5.2.37 One of the scenarios tested by the transport model is to test the sensitivity when the
cross boundary traffic is high (Run 103). Table 5.20 shows the results of the
transport scenario with the high cross boundary traffic as a percentage of the scenario
with normal cross boundary traffic (Run 69).

Table 5.20
Comparison of Scenarios (High Cross Boundary Scenario)
District Run 103/69 | Run 103/69 Run 103/69 Run 103/69
% vkt % NOx % VOC % RSP
Tailpipe prd
Central & Westem 101.7% 101.2% 101.7% 101.0% 103.8%
Wan Chai 101.3% 101.2% 101.3% 101.4% 103.3%
Eastern 100.9% 100.6% 100.9% 100.4% 103.0%
Southemn 101.2% 101.0% 101.2% 101.0% 103.2%
Yau Tsim Mong 101.3% 101.0% 101.3% 101.0% 103.4%
Sham Shui Po 103.5% 102.5% 103.4% 102.2% 105.6%
Kowioon City 102.5% 102.5% 102.6% 102.6% 104.5%
Kwun Tong 101.3% 101.6% 101.5% 102.1% 103.4%
Wong Tai Sin 100.4% 89.3% 100.1% 98.3% 102.5%
Kwai Tsing 103.9% 103.1% 103.9% 103.1% 106.0%
Tuen Mun 108.0% 107.0% 108.6% 107.4% 110.2%
Island 101.6% 102.3% 101.9% 102.7% 103.6%
Yuen Long 111.6% 113.2% 113.2% 114.3% 113.8%
Tai Po 104.4% 105.8% 105.0% 108.7% 106.5%
North 103.1% 104.9% 103.5% 105.6% 105.2%
Sha Tin 102.4% 103.4% 102.8% 104.2% 104.5%
Sai Kung 102.0% 103.3% 102.5% 104.7% 104.1%
Tsuen Wan 102.1% 100.9% 102.0% 100.9% 102.1%
Total 103.7% 104.3% 104.3% 105.2% 105.7%
5.2.38 An overall increase in the pollutant emissions is predicted for the transport scenario

with high cross boundary traffic. The most significant increases are observed at
Yuen Long (Lok Ma Chow) and North District (Man Kam To) where the cross
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5.2.39

5.2.40

5.2.42

5.2.43

5.2.44

boundary traffic start and end within the territory of HKSAR and Tuen Mun district
where it is a usual route to reach the boundary crossings.

Park and Ride

Park and Ride facilities have been incorporated in one of the scenarios (Run 69p).
When compared with the base case (Run 69) with no provision of Park and Ride
facilities, no apparent effect on the vkt or the pollutant emissions are observed
probably due to the small scale of the Park and Ride facilities assumed for testing.
The effects may be more apparent when these facilities are more widely used.

Public Transport Fare Policy

Run 93 assumed a public transport fare integration where there is a rebate when the
journey is continued in other modes of public transport eg rail to bus. The results
showed that there is very little difference (<1%) in terms of vkt and pollutant
emissions for this scenario.

Recommended Transport Strategy

Various input variables are modified for sensitivity tests for the Recommended
Transport Strategy for 2011. Most of these analyses are economic in nature. The
variation in terms of environmental performance for most of the scenarios tested is
insignificant, as reflected in Table 5.2h. The Recommended Tramsport Strategy in
2011 consists of two scenarios - High Growth and Medium Growth.

The High Growth scenario (Run 104) shows a 84% increase in vkt relative to 1997.
A 9% and 52% reduction in NO, and RSP (tailpipe) respectively and an 89% increase
in RSP (prd) emissions are predicted relative to 1997. The VOC emissions remain the
same as 1997. The Composite Air Score i1s 0.99. The Medium Fleet scenario (Run
105) shows a 60% increase in vkt relative to 1997. A 18%, 12% & 56% reduction in
NOQ,, VOC and RSP (tailptpe) emissions respectively and a 69% increase in RSP
(prd) emissions are predicted relative to 1997. The Composite Air Score is 0.89.
Figure 5.2p shows the trends in vkt and pollutant emissions for all design years. It
appears that the effects of improved emission standards are becoming less effective in
2011 due to the increases in vkt.

Summaries of the pollutant emissions relative to 1997 in each district for the High
and Medium Growth of the Recommended Transport Strategy of 2011 are shown in
Figures 5.2} and 5.2k, respectively. The NO, and VOC emissions in developed urban
districts remained lower than those in 1997. RSP (prd) emissions exceed the 1997
levels. Poliutant emissions in districts with developing new towns continue to
increase mainly due to the provision of new highway infrastructure.

Year 2016

The Base Case (Run 18) considered for 2016 showed a 113% increase in vkt relative
to 1997. The pollutant emissions relative to 1997 for NO,, VOC and RSP (prd)
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show increases of 4%, 17% and 111% respectively and reduction of 45% in RSP
(tailpipe) emissions. The Composite Air Score is 1.14. The contribution to pollutant
emissions by different types of vehicie is very similar to that in 2011. Heavy Goods
Vehicles and Private Cars are the main contributors to NO, and VOC emissions (ref.
Figure 5.2f) and Heavy Goods and Light Goods Vehicles are the main contributors to
RSP (tailpipe) emissions.

5.2.45 Four sensitivity analyses were conducted on the fleet size of cars and goods vehicles
(Runs 7, 8, 10 and 12). These analyses assumed the same transport infrastructure but
the vehicle fleet sizes are varied. The vkt varies between 215% for the High Car and
High Goods Fleet scenario (Run 7) to 174% for the Medium Car and Medium Goods
Fleet scenario (Run 10). The NO, emissions vary from 105% for Run 7 to 90% for
Run 43. The VOC ermissions vary from 119% for Run 7 to 97% for Run 10. The RSP
(tallpipe) and RSP (prd) emissions vary from 57% and 216% for Run 7 to 49% and
191% for Run 10 respectively. The Composite Air Score for High Car High Goods
Vehicle Fleet is 1.16 and the Composite Air Score for Medium Car Medium Goods
Vehicle Fleet is 0.99. The results show that the pollutant emissions for VOC exceed
the levels in 1997 except the Medium fleet sizes. NO, emission exceed the 1597 level
under the High Car High Goods Fleet scenario and is within 10% of the 1997 level
for the other three fleet sizes.

High Cross Boundary Scenario

5.2.46 A scenario was developed for 2016 to test the traffic conditions when the cross
boundary traffic is assumed high (Run 75). Run 75 shows increases relative to 1997
in vkt (119%) and most pollutants (NO, 7%; VOC 21%; RSP {prd) 121%). Table
5.2p shows the results of the transport scenario with the high cross boundary traffic
as a percentage of the scenano with normal cross boundary traffic (Run 18) in 2016.

Table 5.2p
Comparison of Scenario (High Cross Boundary Traffic)
District Run 7518 Run 7518 Run 75118 Run 75/8
% vkt % NOXx % VOC % RSP
Tailpipe prd
Central & Wesiern 102.0% 101.5% 102.4% 101.5% 104.1%
Wan Chai 100.7% 100.8% 100.7% 101.0% 102.8%
Eastem 101.3% 101.4% 101.4% 101.8% 103.3%
Southemn 101.1% 101.1% 101.3% 101.3% 103.2%
Yau Tsim Mong 100.6% 100.0% 100.5% 99.6% 102.7%
Sham Shui Po 102.3% 101.6% 102.3% 101.3% 104.4%
Kowloon City 101.3% 101.2% 101.4% 101.4% 103.3%
Kwun Tong ’ 100.6% 101.2% 100.8% 102.1% 102.7%
Waong Tai Sin 101.1% 101.7% 101.5% 102.7% 103.2%
Kwai Tsing 102.4% 102.2% 102.5% 102.4% 104.5%
Tuen Mun 107.7% 106.6% 108.2% 106.7% 109.8%
Island 100.6% 101.1% 101.0% 101.5% 102.7%
i} Yuen Long 106.2% 107.7% 107.5% 108.6% 108.4%
Tai Po 104.0% 105.9% 104.7% 107.3% 106.1%
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District Run 75/18 Run 75/18 Run 75/18 Run 75/18
% vkt % NOx % VOC % RSP
Tailpipe prd
North 103.3% 104.5% 103.9% 105.0% 105.5%
Sha Tin 102.5% 103.6% 102.8% 104 5% 104 6%
Sai Kung 101.8% 103.4% 102.3% 105.1% 103.8%
Tsuen Wan 103.7% 104.1% 104.5% 104.9% 105.9%
Total 102.9% 103.6% 103.5% 104.3% 105.0%

5.2.47 To identify the contribution by cross boundary traffic, a scenario is developed to test
the contribution of cross boundary traffic alone.

emissions in each district by cross boundary traffic.

Table 5.2q shows the pollutant

Table 5.2q
Contribution by Cross Boundary Traffic
District % vkt % NOx % VOC % RSP

Tailpipe prd
Central & Western 5% 9% 8% 14% 5%
Wan Chai 1% 1% 1% 1% 1%
Eastern 2% 1% 1% 1% 2%
Southem 1% 1% 1% 1% 1%
Yau Tsim Mong 1% 1% 1% 1% 1%
Sham Shui Po 2% 2% 2% 3% 2%
Kowicon City 1% 3% 2% 4% 2%
Kwun Tong 1% 2% 1% 3% 1%
Wong Tai Sin 3% 4% 3% 5% 3%
Kwai Tsing 6% 9% 7% 1% 6%
Tuen Mun 12% 18% 14% 22% 12%
Island 8% 1% 9% 13% 8%
Yuen Long 20% 37% 29% 45% 21%
Tai Po 5% 13% 8% 18% 5%
North 17% 35% 26% 43% 18%
Sha Tin 2% 6% 3% 8% 2%
Sai Kung 2% 5% 3% 8% 2%
Tsuen Wan 4% 6% 5% 9% 4%

5.2.48 The results given in Table 5.2p showed that when the cross boundary traffic is high,

5.2.49

vkt and pollutant emissions showed increases in all districts (except for RSP
(tailpipe) in Yau Tsim Mong). Increases are most evident in districts with a high
percentage of cross boundary traffic (Tuen Mun, Yuen Long and North) as shown in
Table 5.2q. These scenarios demonstrated that the varation of ¢ross boundary traffic
could have notable effect on air pollutant emissions both locally and territory-wide.

Recommended Transport Strategy

Various input variables are modified for sensitivity tests for the Recommended
Transport Strategy for 2016. The variation in terms of their environmental
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5.2.50

5.2.51

5.2.52

5.2.53

performance is insignificant for most of the transport scenarios tested, as reflected in
Table 5.2h. The Recommended Transport Strategy in 2016 consists of four scenarios
- High Growth (High End), High Growth (Low End), Medium Growth and Low
Growth..

The High Growth (High End) scenario (Run 83) shows a 148% increase in vkt
relative to 1997. A 14%, 34% and 119% increase in NO,, VOC and RSP (prd)
emissions respectively and 41% reduction of RSP (tailpipe) are predicted for this
transport scenario relative to 1997. The Composite Air Score is 1.25. The High
Growth (Low End) (Run 82) shows a 120% increase in vkt relative to 1997. A 7%,
20% and 115% increase in NO,, VOC and RSP (prd) emissions respectively and a
43% reduction of RSP (tailpipe) emissions are predicted for this transport scenario
relative to 1997. The Composite Air Score 1s 1.17. The Medium Growth scenario
(Run 84) shows a 79% increase in vkt relative to 1997. An 8%, 1% and 50%
reduction in NO,, VOC and RSP (tailpipe) emissions respectively and a 91% increase
in RSP (prd) emissions are predicted for this transport scenario relative to 1997. The
Composite Air Score is 1.01. The Low Growth scenario shows a 45% & 59%
increase in vkt and RSP (prd) respectively and reduction in three pollutants relative to
1997 (NO, 24%; VOC 20%; RSP 59%). The Composite Air Score of Low Growth
scenario is 0.83.

The results indicated that the pellutant emissions would increase from 2011. It
appears that the effect of emission standards (Euro III) to control vehicle emissions 1s
offset by the increases in vkt. Figure 5.2p shows the trends in vkt and pollutant
emissions for all design years.

A summary of the pollutant emissions relative to 1997 in each distnict for the four
scenarios of the Recommended Transport Strategy in 2016 are shown in Figure 5.21
to Fig 520. The NO,, VOC and RSP (tailpipe) emissions in developed urban
districts remained lower than that of 1997 for Low and Medium Growth scenanos. In
all four scenarios of the Recommended Transport Strategy for 2016, significant
increase in pollutant emissions are predicted in districts with rapidly developing new
towns (Sai Kung -Tseung Kwan O, Island - Tung Chung, Tuen Mun and Yuen Long
- Tin Shui Wai, Hung Shui Kiu).

Summary of Changes of Pollutant Emissions for Recommended Transport
Strategy

Figure 5.2p presents the trends of pollutant emissions from 1997 and Table 5.2r
summaries the changes relative to 1997 for the Recommended Transport Strategy.
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Table 5.2r
Summary of Pollutant Emissions for Recommended Transport Strategy
Scenario vkt NOx voc RSP RSP (Paved Composite
relative to | relativeto | relative {Tailpipe) Road Dust) Air Score
1997 1997 10 1997 | relafive fo 1997 | relative to 1997
2001 119% 102% 103% 78% 123% 1.01
2006 High Growth 147% 81% 101% 56% 148% 0.95
2006 Medium Growth 139% B8% 95% 54% 141% 0.91
2011 High Growth 184% 91% 100% 48% 183% 0.99
2011 Medium Growth 160% 82% 88% 44% 169% (.89
2016 High Growth 248% 114% 134% 55% 218% 1.25
{High End)
2016 High Growth 220% 107% 120% 57% 215% 1.47
{Low End)
2016 Medium Growth 179% 82% 89% 50% 191% 1.01
2016 Low Growth 145% 76% 80% 41% 15%% 0.83

5.3 PATH Model Analysis

53.1 The PATH Modelling System

5.3.1.1 Overview

The air quality assessment undertaken in this assignment has utilised the PATH
(Pollutants in the Atmosphere and their Transport over Hong Kong) modelling
system. PATH is a state-of-the-art, comprehensive regional air gquality modelling
system specifically designed for the simulation of air quality in Hong Kong.

The modelling system incorporates the following components:

. a multi-scale, non-hydrostatic numerical meteorological model (MMS);

. a multi-scale, multi-species air quality model (SAQM);

. a state-of-the-art emission modelling system (EMS-95) coupled with a two-
tiered comprehensive emissions inventory for Hong Kong and, at lower

resolution, for southemn China;

. a relational database and pre-processor system for storing and managing data
and generating databases for model operation and validation;

. a post-processing module for analysis, interpretation and display of model
outputs, including visualisation capabilities; and

. an intelligent, user-friendly interface with an on-line help system, which makes
extensive use of Graphical User Interface (GUI) and GIS technology.
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53.1.2

53.13

53.14

Modelling grids

Both the meteorological and air quality models employ the same five-level hierarchy
of nested grids and the emissions model is set up to compute appropriate emissions
for every cell of each grid. The use of grid-nesting enables higher resolution
simulations to be embedded in the larger-scale flows generated by the model run with
the coarse resolution. The honizontal resolutions are 40.5, 13.5, 4.5, 1.5, and 0.5 km.
The largest grid (40.5km) extends over a wide area of South-East Asia and the 1.5
km grid covers the whole SAR. All modelling domains have the same vertical
structure with 26 unequally spaced levels ranging from 10 to 20,870 m above the
ground.

Emissions Model

The emissions are modelled in PATH by the Emissions Modelling System version
1995 (EMS-95). EMS-95 is a publicly available, state-of-art modelling system
which is maintained and distributed by Alpine Geophysics. EMS-95 has gained a
growing acceptance and an installed base including the Lake Michigan Air Directors
Consortium, the California Air Resources Board Technical Support Division, United
States Environmental Protection Agency (US EPA) Atmospheric Research and
Exposure Assessment Laboratory, the Texas Natural Resource Conservation
Commission (TNRCC), the Michigan Department of Natural Resources and the
Carnegie Mellon University.

EMS-95 has been adopted for the MODELS 3 air quality modelling system of the
USEPA and has been used in connection with MMS5 and SAQM in the Southemn
California Air Quality Study (SCAQS-97).

The emission modelling system is coupled in PATH with a two-tiered,
comprehensive emissions inventory, dealing with all of the key primary pollutants.
Depending on the modelling grid in use, emissions can be determined for a region of
southern China at resolutions of 13.5 or 4.5 km and for Hong Kong, at resolutions of
1.5 or 0.5 km. The former allows the air quality model to predict regional
background concentrations of both primary and secondary pollutants. The latter are
used for the prediction of SAR and urban-scale air quality.

Meteorological Model

A state-of-the-art, multi-scale, non-hydrostatic numerical meteorological model
(MM5) has been selected for the PATH system. A two-way nesting mode is used for
all nested grids, except between the 40.5 and 13.5 km grids where one-way nesting 1s
employed. The initial conditions for the largest grid are derived from analyses of
European Centre for Medium Range Weather Forecasts (ECMWF). The necessary
geophysical data for all model domains have been assembled and included in the
systemn database. The meteorological fields predicted by MMS5 form one of the
primary inputs to the air quality model.
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5.3.1.5 Air Quality Model

53.2
5.3.2.1

A multi-scale, multi-species air quality model (SAQM) has been incorporated in
PATH for running air guality simulations at regional, SAR-wide and urban scales.
The intention of the regional-scale modelling is to provide estimates of the
background concentrations of photochemical smog species and smog precursors, and
sulphate and nitrate aecrosols arising from emissions in Mainland China. This
methodology has been selected in preference to explicitly prescribing boundary
conditions for the model because the latter is likely to be based on a small number of
measurements for a limited set of meteorological conditions and hence, likely to lack
reliability. The intention of the local-scale modelling is to provide air quality
predictions for Hong Kong. Thus, the model is able to consider both the transport
and production of photochemical smog within a regional background generated from
emissions within southern China, and the urban build-up of primary and secondary
air pollutants within the SAR.

Methodology

(Grids and episodes selected for simulations

Precomputed data and the 1.5km grid

The modular structure of PATH allows it to be rerun with modified assumptions but
with the majority of settings left unaltered. For example, in this assignment the
majority of simulations examined changes in vehicle emissions, meteorological
parameters were left unaltered. The simulations performed under this study mvolved
air quality model (SAQM) runs on the 49 x 49 gnid with 1.5 km horizontal resolution
that covers the whole SAR and some adjacent areas. All necessary input data related
to other grids or other components of the system were derived from the available pre-
computed “base case” data sets.

Annual average concentrations

Among the pre-computed meteorological episodes available in PATH six have been
carefully selected by the system designers to reproduce annual average
concentrations of pollutants. Each scenario represents a typical category of the Hong
Kong weather pattems, and the annual averages can be estimated as weighted
averages of the concentrations simulated by the model for each episode day. Those
“annual average” episode days are:

November 1995 (Category A)
November 1994 (Category Bl)
January 1995 (Category B2)
November 1995 (Category C)
June 1995 (Category E)
August 1993 (Category F)
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The meteorological conditions prevailing on those “annual average” days are
summarised below.

Day Date Description
A 24/11/95 This day is typical of a cold outbreak from the continent {e the north of Hong Kong
{the maximum temperature was 4° lower than the previous day), leading to north fo
northeast winds at most stations all day. This direction prevailed throughout from the
surface to 850 mb, with a nocturnal and moming jet of 15 m s at 900 mb weakening
fo less than & m s' by 1400 h. Moming and evening temperature profiles showed a
stightly stable layer up to 900 mb, capped by a strongly stable layer to at least 700
mb.
B1 23111/94 Surface winds on this fine and sunny winter monsoon day start out from north to
northeast but become northwesterly in the western part of the Temitory and
southeasterly in the east as the day progresses. Upper winds veer from east t¢
north-northeast between 0200 h and 1400 h, but retum to an easterly direction below
850 mb by 2000 h. Moming and evening temperature profiles indicate relatively
stable layers from the ground to S00 mb, but it is not possible to speculate as to
whether conditions have been stable all day. This day seems to be a winter's day
with typical secondary circulations (sea breezes efc.), as described by Wai ef al.
(1996).
B2 20/01/95 Surface winds are mostly east to northeast on this day with some coastal
perturbations in the afternoon. Upper winds are steady in direction from east-
southeast up to 850 mb in the moming ascents, with a backing towards south in the
afternoon and evening. A strongly stabie fayer exists between 950 and 900 mb
throughout, with fairly strong stability between the ground and 900 mb as well,
indicating that stable conditions may have prevailed throughout the day.
C 19/11/95 An interesting day on which surface winds are generally northeasterly, but on which
a southeasterly sea breeze seems to penetrate halfway across the Termitory before
nightfall. Winds with a westerly component develop at coastal sites in the west for a
short period. Over the 18 hours, winds between 1000 and 800 mb veer from
northeast towards north, with a jet at 900 mb present at all fimes, although its speed
at 1400 h is only half as much as at other times. There is more warming on this day
helow 950 mb than on any of the previcus winter days and the evening temperature
profile indicates that a mixed tayer developed to this leve! during the day.
E 28/06/95 A trough parallel to the coastline lies to the northwest of Hong Kong. A day of
generally scuthwesterly monsoonal flow, with total rainfail of 9.3 mm and 85% cloud
cover, The southwesterly flow extends fo at least 700 mb with speeds greater than
10 m s above 950 mb. Stability is strong throughout from the surface to 700 mb."
F 31/08/93 Sutface winds generally easterly during the moming, but by mid-aftemoon a westem
and a southern sea breeze have become well-estabiished with a convergence line
running approximately north-south somewhere through the Temitory, East-
northeasterly winds up to 850 mb in the moming have attained a westerly component
by 1400 h and have veered even further to the west by 2000 h. As with most of the
days from other categories, a moming low-leve! jet has disappeared by 1400 h, only
to retun by 2000 h. The potential temperature profiles indicate a stabie profile above
850 mb throughout the period, but also show thaf the early-moming mixed layer
between 1000 mb and 950 mb becomes quite stable under the influence of the sea
breeze.
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5322

Annual average concentrations are computed with separate events contributing by the
following weights: 12.5% (A), 17.5% (B1); 17.5% (B2), 19% (C), 27% (E) and 6.5%
(F) according to actual frequencies of occurrence of each category.

Episodes

Two additional episode days for which simulations were carried out under this study
were:

. October 1994 (S - photochemical smog episode)
. December 1995 (R - high RSP day)

These episode days were used in the analysis to represent conditions considered
indicative of the worst case and in order that compliance with regard to short-term (ie
one hour and twenty four hour Air Quality Objectives) can be appraised.

The October 1994 episode has been selected for PATH because of high ozone
readings measured by instrumented aircraft west of the Lantau Island. The day is
considered as typical of conditions for photochemical smog formation. It was
characterised by predominantly northerly surface winds.

The December 1995 episode was chosen due to its high RSP readings and
availability of dense measurement data. Simtlar to day S, it was characterised by
predominantly northerly surface winds.

Grid nesting

As stated above, the SAQM meteorological input data were derived from the
available output of meteorological model run performed for each particular episode.
Similarly, the SAQM initial and boundary conditions for each 1.5 km grid run were
denived from the base case SAQM output from a run on the coarser, 4.5 km grid. For
some episodes (i.e. the Bl, B2, C and F days) the 4.5 km base case SAQM output
was not available in the August 1998 PATH wversion, and for those episodes the
SAQM initial and boundary pollutant concentrations was based on standard
concentration profiles.

Emissions — overview

The EMS-95 emission modelling system and the PATH emissions inventory treat
different categories of emissions independently, i.e. those from the point sources,
motor vehicles, ocean-going shipping, as well as biogenic emissions and those from
all other area type sources. The assumptions and methods used in this study in
relation to each of these categories are discussed in the following sections.

The existing comprehensive PATH emission inventory represents the PATH base
case, 1.e. the best estimate of the 1995 emisstons. Note that this has to be modified in
order to create the “base case” for this study which is 1997.
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5323

5324

There are two basic means of modifying PATH emissions. The graphical user
interface (GUI) allows the user to apply various scaling factors to the base case
inventory. Alternatively, if a more detailed approach is necessary, the underlying
EMS-95 data sets can be modified. The latter is a much more complicated and time
consuming approach and was used in this study to introduce the revised assumptions
for motor vehicle emissions. All other emission categories were dealt with by the
application of appropmnate scaling factors.

As the SAQM runs were performed on the 1.5 km grid, only the corresponding 1.5
km grid emissions (i.e. basically those originating from SAR) were modified under
this study. The initial/boundary conditions files derived, where possible, from the 4.5
km grid simulations were neither modified nor scaled in any way. This approach is
equivalent to assuming that the Mainland China emissions remain at their 1995
levels. As will be discussed in the subsequent sections of this report, emissions from
the mainland have a marked impact of air quality in the SAR. Maintaining emissions
at 1995 levels could result in under prediction of air quality impacts in the SAR, if
gconomic activity in the mainland continues to develop rapidly and if the growth in
emissions outstrips the rate at which emissions reduction programmes can be
implemented.

Emissions scenarios

Several emissions scenarios were assumed for this study. They include the 1997 base
case scenario, and four different future scenarios for the 2016 emissions:

Low Growth Scenario - (Population I, Low Fleet)

Medium Growth Scenario - (Population II, Medium Fleet)

High Growth Scenario (Low End) - (Population II, High Fleet)

High Growth Scenario (High End) - (Population III, High High Fleet)

The details are discussed in the following sections

In order to estimate the importance of the traffic related emissions, additional PATH
simulations were performed with all traffic-related sources removed. By comparing
the results of these simulations with those from the simulations that included the
traffic related emissions, it is possible to estimate the contribution of Hong Kong
traffic to air quality in the SAR.

Motor vehicle emissions

As mentioned above, motor vehicle emissions were processed in detail on the EMS-95
level. For each cell of the model domain the emissions of NO,, VOCs, and Respirable
Suspended Particulates were computed according to the gridded vkt data for ten motor
vehicle classes assumed under each emission scenario and the fleet averaged emission
factors for the same ten vehicle classes based on the Euro I emission standards.

Since the yearly estimates of the emissions factors were not available beyond 2011, the
fleet averaged Euro III emission factors from that year were used in computing
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5.3.2.5

5326

5.3.27

emissions for the 2016 scenarios.

The assumed emissions of the broad poltutant categories (such as NOx or VOCs) were
then split into particular poliutant species carried out by SAQM using the standard
speciation assumptions of PATH.

Thus, for each of the five scenarios considered (1997, Low, Medium and High (High
and Low End)) a detailed gridded EMS-95 motor vehicle emissions data set was
prepared, enabling to take into account not only the expected effects of the tighter
emission standards and a general growth in traffic, but also the assumed redistribution
of traffic and changes in the fleet composition.

Area soirrce emissions

Area emissions, i.e. emissions that do not belong to any other category, were based on
the existing 1995 PATH emissions data sets. Since no detailed information on the
expected changes in these emissions was available, it has been assumed that they will
increase according to the expected SAR population growth. The appropriate scaling
factors were introduced using the PATH graphical user interface (GUI). Emissions of
paved road dust were treated independently of this general scaling approach and were
related to the growth in traffic.

The scaling factors used were 1.04 for 1997 (based on the real 1995 to 1997 population
increase) , 1.32 for the Low Growth scenario, 1.44 for the Medium and High (Low
end) Growth scenarios, and 1.64 for the High (High end) Growth scenario. The latter
factors were based on the “low", “medium” and “high” population growth forecasts and
are consistent with the assumptions used in the transport modet.

Point source emissions

As the point source emissions play only a secondary role in this study, they were not
modified and were assumed to remain at their 1995 levels. It was assumed that any
possible increases resulting from the population growth would be offset by the trend
over the past decade which has seen manufacturing facilities relocate to the mainland.
The only exceptions were the power plants operated by China Light & Power (CLP)
and the Hongkong Electric Co. (HEC), for which total emission forecasts for 2012,
based on the expected plant extensions and partial change of fuel from coal to gas,
were available. Extrapolating those estimates to 2016 led to the following NO,
scaling factors that were applied to the emissions from those plants for all four 2016
scenarios:

NO,: 1.25 (HEC), 0.52 (CLP)

The expected Biogenic emissions

Emissions from natural or agricultural sources were held constant for all simulations.
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5.3.2.8 Manne emissions.
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The marine emissions category included in PATH only explicitly covers large,
ocean-going vessels. All other marine emissions belong to the general area source
category and as such were scaled according to the expected population growth as
described in Section 5.3.2.5. These include local ferry services and other operations
based solely in SAR waters.

The growth in ocean-going shipping was estimated according to the container port
development forecast. Thus, for all four 2016 scenarios the marine emissions were
scaled up using a factor of 1.71. The 1997 emissions were assumed to remain at 1995
levels.

Results

As described in Sections 5.3.1 and 5.3.2 the PATH modelling system has been used
to assess the SAR-wide changes in air quality that would be anticipated under each of
the following four scenarios:

Low Growth Scenario - (Population I, Low Fleet)

Medium Growth Scenario - (Population II, Medium Fleet)

High Growth Scenario (Low End) - (Population II, High Fleet)

High Growth Scenario (High End) - (Population III, High High Fleet)

As descnibed in the following sections the results of this analysis have been presented
by a variety of means and using a variety of indicators of the impacts to air quality.
The principal indicator is the change in the concentration of pollutants relative to the
baseline year, which for this assignment was 1997. Details of the baseline conditicns
are presented in CTS-3 SEA Working Paper 1 - Baseline Environmental Conditions.
Although increases in pollutant concentrations may not necessarily create non-
compliances of the Air Quality Objectives (AQQO), a change in this direction may not
be deemed acceptable by some parties. Public sentiment is such that the emphasis 1s
now upon creating improvements in air quality in the SAR, although maintaining
compliance with the AQOs is also a major consideration. The AQOs are also used as
indicators as these are the statutory assessment criteria used in the SAR.

The following section provides a summary of baseline air quality data for 1997 and
the subsequent sections provide a summary of the results for each of the four
scenarios and a discussion of the findings for each pollutant.

Baseline Conditions

As presented in Working Paper 1: Baseline Environmental Conditions, air quality in
the SAR in 1997 was such that a variety of non-compliances of the Air Quality
Objectives (AQQ) were reported at the Air Quality Monitoring Stations (AQMS)
operated by the Environmental Protection Department (EPD).
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Such exceedances of the AQOs included a variety of averaging times and pollutants
and occurred at stations across the SAR. For example, eight exceedances of the one-
hour AQO for nitrogen dioxide were reported at three locations and the annual
average AQO for respirable suspended particulates (RSP) was non-compliant at five
locations. A summary of the general Jevel of compliance with the AQOs at the
AQMS is presented in Tables 5.3a, b and ¢ for nitrogen dioxide, RSP and ozone
respectively. AQMS that failed to meet the conditions for compliance defined in the
Air Pollution Control Ordinance (APCO) are denoted in bold.

Table 5.3a
Summary of Reported Concentrations of Nitrogen Dioxide
AQMS Maximum 1-hr Number of Maximum 24-hr Number of Annual Average
Concentration Exceedances of | Concentration (ugm?) | Exceedances of {ngm3)
{ ngrms) AQQ @ AQOM
Centrall 205 0 131 0 58
Westemn
Kwai Chung 238 0 147 0 49
Kwun Tong 323 2 179 2 74
Mong Kok 342 4 186 8 g5te)
Sham Shui Po 322 2 172 3 71
Sha Tin 203 0 140 D 49
Tai Po 244 0 157 1 50
Tsuen Wan 208 0 138 0 68
Yuen Long 202 0 134 0 61
Notes:.
{a) Concentrations in excess of 300 pgm-
(b Concentrations in excess of 150 pgm3
(c) Reported concentration is in excess of the AQQ of 80 pugm-3

Three AQMS are out of compliance with the AQQOs for npitrogen
Tong, Mong Kok and Sham Shui Po.
twenty four-hour average conc
observation that the prevailing

relative to 1996.

entrations an

The principal concerns
d, as noted in Working Paper i, the
levels of nitrogen dioxide appear to have increased

Table 5.3b
Summary of Reported Concentrations of Respirable Suspended Particulates
AQMS Maximum 24-nr Number of Exceedances of Maximum Annuai Average
Concentration (pgm=3) 24-hr AQOR (pgm®
Central/tVestern 147 Q0 91
Kwai Chung 163 0 4
Kwun Tong 194 1 580
Mong Kok 177 0 601
Sham Shui Po 149 0 570
Sha Tin 180 1 49
Tai Po 132 0 590
Tsuen Wan 168 0 540}
Yuen Long 155 0 580}
Notes:
(&) Concentrations in excess of 180 pgm-?
{b) Reported concentration is In excess of the AQO of 55 pgm-®
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Five of the nine AQMS reported non-compliant of the annual average AQO for RSP,
individual exceedances were reported for the twenty-four hour AQO at two locations.

Table 5.3¢
Summary of Reported Concentrations of Ozone
AQMS Maximum 1-hr Concentration Number of Exceedances of AQO @ (gm-3)
{ngm3)

Sha Tin 270 3
Kwun Tong 128 Q
Yuen Long 231 0
Central/Western 243 1
Tai Po 116 0
Tsuen Wan a0 {
Kwai Chung 224 0
Notes:

(a) Concentrations in excess of 240 pgm?

5332

Three exceedances of the one-hour AQO were reported at the Sha Tin AQMS in
1997. This does not mean that the station is out of compliance with the ozone
standard, as 2 maximum of three exceedances is permitted under the APCO.

It is evident from the data summarised in these tables that the principal focus of
concern across the SAR is the prevailing concentrations of RSP and nitrogen dioxide.
Ozone levels are also considered to be an emerging concern and have been observed
to be increasing over the last decade. In 1997, five AQMS reported non-compliances
with the statutory air quality objectives.

High Growth Scenario (High End)

This scenario is taken to represent the worst case conditions and, as such, may
represent an upper bound estimate for vehicle and population growth in the SAR in
2016. An appropriate level of infrastructure is assumed in order to meet the
objectives for mobility of goods and people within the SAR and between the SAR
and its hinterland. The scenario assumes no constraints on vehicle growth.

Annual Average Concentrations of Nitrogen Dioxide and RSP

Tables 5.3d and 5.3 present the changes in annual average concentrations of
nitrogen dioxide and RSP predicted at each of the AQMS in the SAR in 2016. The
results from the Mong Kok AQMS should be treated with caution as the observations
are taken from a location within what is widely referred to as a street canyon,
whereas the predictions generated by the PATH modelling system are considered
more representative of conditions at the ambient AQMS.
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Table 5.3d
Annual Average Concentrations of Nitrogen Dioxide (ugm™)

AQMS 1997 Increment Total
Central/Westemn 58 35 61.5
Mong Kok 85 5.2 a0.2
Sha Tin 49 6.8 55.8
Yuen Long 61 10.2 71.2
Tsuen Wan 68 31 711
Kwai Chung 49 6.9 55.9
Sham Shui Po 71 4.1 751
Kwun Tong 74 6.0 80.0
Tai Po 50 0.6 50.8

The assessment indicates that the predicted air quality under this scenario 1s Iikely to
deteriorate at all AQMS. Air quality is predicted to remain approximately the same as
in 1997 at Tai Po. The most significant deterioration is predicted at the Yuen Long
AQMS, where annual average concentration of nitrogen dioxide is predicted to
increase by about 17%, relative to levels observed in 1997. Levels at Sha Tin and
Kwai Chung are predicted to increase by 14%. Non-compliance with the AQO 1is
only anticipated at the Mong Kok AQMS, although for the reasons given above, this
conclusion needs to be treated with a degree of caution and it should also be noted
that the station was already out of compliance in 1997.

Figure 5.3a presents a contour map of the predicted changes in annual average
concentrations of nitrogen dioxide on a territory-wide basis. The figure indicates a
general increase in concentrations (>5pgm™) in the western half of the SAR. Such
increases are predicted to be particularly marked in the vicimty of Tsuen Wan, Tuen
Mun and Yuen Long and Sheung Shui with increases in the range of 5 to 7.5 pgm’*
anticipated. Smaller (~2.5pgm?) increases are predicted across most of Hong Kong.
Reductions in concentrations are predicted to occur in the southern tip of Kowloon,
the central part of Hong Kong Island and most of Lamma Island. These reductions
are anticipated to be by between 1 and 5 pgm”. Similar reductions are also predicted
in an area south-east of Sha Tin. These predictions are considered to be attributable
to the relatively slow growth in traffic volumes due to limited space for new
infrastructure and the introduction of tighter emission standards for vehicles. Those
areas in which generalised increases in nitrogen dioxide levels are anticipated are
typically subject to a rate of vehicle growth that negates the improvements
anticipated due to the introduction of more stringent vehicle emission standards.
Areas in which improvements are anticipated are typically already highly congested
and hence the rate of traffic growth is not anticipated to be particularly significant.
This allows the improvements associated with tighter vehicle emission standards to
be realised.

It should be noted that this scenario is included in the analysis in order to represent
the upper bound conditions and is therefore considered to be representative of the
worst case. Nevertheless, even under these severe conditions, improved vehicle
emission standards will still result in beneficial impacts to air quality in some areas.
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Table 5.3¢
Annual Average Concentrations of RSP (ugm™)

AQMS 1997 Increment Total
CentralWestern 51 4.1 55.1
Mong Kok §0 8.3 68.3
Sha Tin 43 7.8 56.8
Yuen Long 58 8.5 66.3
Tsuen Wan 54 2.3 56.3
Kwai Chung 45 49 51.9
Sham Shui Po 57 - 55 © B25
Kwun Tong 56 5.0 63.0
Tai Po §9 1.5 §0.5

Under the worst case conditions simulated in this scenario, the total number of
AQMS deemed to be out of compliance with the annual average AQO for RSP will
increase to eight, from the five stations observed to be out of compliance in 1997.
Concentrations are predicted to increase at all of the AQMS. At Yuen Long and
Mong Kok, the annual average is anticipated to increase by 15% to approximately 67
and 68 pgm™ (20 and 24% higher than the AQO) respectively.

Figure 5.3b shows the predicted changes in RSP levels on a temitory-wide basis.
Increases of about 7.5 pgm” are predicted in the Mong Kok, Tuen Mun and Yuen
Long areas. In most of the western part of the SAR, concentrations are predicted to
increase by between 2.5 and 7.5 pgm”. As predicted for nitrogen dioxide, decreases
in the predicted concentrations are anticipated in the southern most tip of the
Kowloon Peninsula. Concentrations are also predicted to decline in the Wan Chai
and Causeway Bay areas on Hong Kong Island. The reduction in the Wan Chai and
Causeway Bay areas should be interpreted with caution as the results do not reflect
the air quality at street level.

Daily Average Concentrations of Nitrogen Dioxide and RSP

Table 5.3f presents the changes in the daily average concentrations of nitrogen
dioxide and RSP predicted to occur under conditions typical of a photochemical
smog episode in the SAR. As episodes of photochemical smog are all slightly
different from each other and attributable to slightly different factors, the results
presented in this analysis should not be taken as being applicable to all episodes. The
table also shows the threshold concentration for observations in 1997. The threshold
concentration is used to estimate the number of exceedances of the AQO anticipated
in 2016. For example, at the Central/Western AQMS, an increase of 18.8 pgm? is
predicted in 2016 for nitrogen dioxide. In order to result in a exceedance of the
AQO, the concentration reported in 1997 would therefore have to be greater than
131.2 pgm™>. The database is therefore searched to identify the number of days n
1997 on which the daily average concentration was in excess of 131.2 pgm” and this
statistic is used as the basis for estimating the number of exceedances.
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Table 5.3f

Changes in Daily Average Concentrations (;:gm™)
under Typical Photochemical Smog Conditions

AQMS Nitrogen dioxide Threshold RSP Threshold
Central/Western 18.8 131.2 6.5 173.5
Mong Kok 8.2 141.8 13.4 166.8
Sha Tin 4.5 145.4 10.0 170.0
Yuen Long 1.5 148.5 1.9 178.1
Tsuen Wan 3.0 147.0 3.2 176.8
Kwai Chung 4.8 145.2 8.5 171.5
Sham Shui Po 8.1 1419 7.8 172.2
Kwun Tong 7.3 1427 11.8 168.2
Tai Po 3.6 146.4 3.1 176.9

As presented in Table 5.3a, in 1997 the AQMS at Kwun Tong, Mong Kok and Sham
Shui Po all reported non-compliances for nitrogen dioxide (daily average greater than
150 ugm™). The predictions indicate that concentrations at these stations would all
be likely to increase under photochemical smog conditions, relative to levels reported
in 1997. Analysis of the complete set of AQMS data for 1997 indicates that
additional exceedances of the AQO can be anticipated at the Kwai Chung and Tai Po
stations. The number of exceedances reported at Kwun Tong is expected to increase
from 2 to 4 respectively, while the number of exceedance at Sham Shui Po will
remamn at 3. The largest increases are predicted to arise at the Central/Western
AQMS. The Central/Western AQMS was in compliance with the standard in 1997.
For the Central/Western AQMS, the threshold concentration is approximately the
same as the maximum reported in 1997, indicating that exceedances of the AQQO may
occur.

Figure 5.3c presents the predicted changes in nitrogen dioxide concentrations during
a photochemical smog event. The most significant increases in the daily average
concentration are predicted to arise in the Central/Westemn area, with an increase of
approximately 15 pgm™. Increases of greater than 7.5 pgm™ are predicted across the
whole of Hong Kong Island and most of Kowloon.

Exceedances of the daily average AQO for RSP (180 pgm™) were reported for the
Mong Kok and Sha Tin AQMS in 1997 and under typical photochemical smog
conditions, levels of RSP at these two locations are anticipated to increase by 134
and 11.8 pgm> respectively. The most significant increases in concentration are
predicted to occur at the Mong Kok, Kwun Tong and Sha Tin AQMS. Non-
compliances with the daily average AQO for RSP have been predicted at the Mong
Kok, Sha Tin and Kwun Tong AQMS in 2016. For all of the remaining AQMS,
whilst increases in the RSP concentration are anticipated, it is not predicted that these
will lead to exceedances of the AQO.

Figure 5.3d presents the predicted changes in RSP concentrations over the SAR. The
most significant increases are predicted to arise in the Wan Chai and Causeway Bay
areas. In these areas, the daily average RSP concentration is predicted to increase by
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over 15 pgm™. Increases of daily average RSP concentrations of over 2.5 pgm™ are
predicted across most of the urban areas.

In addition to photochemical smog episodes, air quality in Hong Kong is also
influenced by periods in which high levels of RSP prevail. These are typically
associated with northerly or north-easterly winds which create a general increase in
background concentrations.
Table 5.3g
Changes in Daily Average Concentrations (ugm™)
under Typical Episodes of High Levels of RSP

AQMS Nitrogen dioxide Threshold RSP Threshold
Central/Western 1.8 138.2 58 174.2
Mong Kok 31 146.9 36 176.4
Sha Tin 2.9 1471 3.8 176.2
Yuen Long 1.1 148.9 1.7 178.3
Tsuen Wan 1.2 148.8 2.2 177.8
Kwai Chung 1.7 148.3 22 177.8
Sham Shui Po 2.8 147.2 2.3 177.7
Kwun Tong 2.2 147.8 2.2 177.8
Tai Po 0.4 1498 0.5 179.5

With reference to the data presented in Table 5.3b, it is evident that the Kwun Tong
and Sha Tin AQMS would continue to report exceedances of the AQO for daily
average concentrations of RSP. Although the increase is relatively small (2% above
1997 levels), exceedances at Mong Kok AQMS are also predicted in 2016. Fer all of
the remaining stations, it is anticipated that the AQO would not be exceeded under
these conditions.

Maximum Hourly Average Concentrations of Nitrogen Dioxide and Ozone

Table 5.3h presents the predicted changes in the maximum hourly average
concentrations of nitrogen dioxide and ozone under typical photochemical smog
conditions. In addition to the presentation of predictions at each of the AQMS, the
table also shows the threshold concentration and the maximum increase predicted in
the model domain. The latter is considered particularly important for the ozone
predictions as these are likely to be at a maximum some distance downwind of the
urban areas in which the AQMS are located. Emissions of nitric oxide from the
urban areas would tend to reduce local ozone concentrations. As the AQMS are
intentionally sited in densely populated areas, it is probable that increases in
emissions from sources such as motor vehicles would create local reductions on
0zone concentrations but increases in the areas downwind.

PAGE 5-29



THIRD COMPREHENSIVE TRANSPORT STUDY SEA TECHNICAL REPORT

Table 5.3h

Changes in Maximum Hourly Average Concentrations (jgm™)
under Typical Photochemical Smog Conditions

AQMS Nitrogen dioxide Threshold Qzone Threshold
Central/Western 201 279.9 -19.8 259.8
Mong Kok 11.8 288.4 7.0 247.0
Sha Tin 6.2 293.8 -2.8 2429
Yuen Long 6.0 294.0 0.7 240.7
Tsuen Wan 93 290.7 0.2 239.8
Kwai Chung 10.6 ' 2894 -0.4 240.4
Sham Shui Po 11.7 288.3 -11.3 251.2
Kwun Tong 18.0 282.0 -2.5 2425
Tai Po 11.1 2229 -0.9 240.9
Maximum 415 NIA 7 N/A
East of Chai Wan South of Lamma

Increased peak nitrogen dioxide concentrations are predicted at all AQMS. As
described in Table 5.3a, the AQMS at Kwun Tong, Mong Kok and Sham Shui Po
reported excecedances of the AQO in 1997 and it is predicted that these will
continue. The largest increases are predicted to be at the Central/Western and Kwun
Tong AQMS but Central/Western is not anticipated to result in exceedances of the
AQO. For example, the maximum reported nitrogen dioxide concentration at the
Central/Westem AQMS in 1997 was 205 pgm?®, the predicted increase of
approximately 20 pgm”® (~10%) would result in a concentration of 225 pgm™ in
2016, well within the AQO of 300 pgm™. The number of exceedances reported at
Kwun Tong could increase from two to three; nevertheless, the stations would stiil
remain compliant with the AQO. Figure 5.3¢ presents the predicted changes in peak
nitrogen dioxide concentrations on a territory-wide basis. It is evident from the
figure that increases in concentrations are predicted in most areas. The most
significantly impacted areas are in Chai Wan and Lei Yuen Mun, where increases of
at least 30 ugm™ are predicted. Maximum hourly nitrogen dioxide concentrations are
predicted to increase by at least 2.5 pugm™ across the whole of SAR under these type
of conditions.

Peak ozone concentrations are predicted to decrease at all AQMS except Tsuen Wan,
although for the reasons stated above, it is anticipated that increases in concentrations
would arise down wind of the urban areas. As anticipated, reductions in ozone
concentrations are predicted for those AQMS that are predicted to record increased
nitrogen dioxide concentrations. It is possible that this phenomenon wilt result in the
Central/Westem AQMS being fully compliant with this AQO; however, the
predicted decrease in concentrations at the Sha Tin AQMS is not expected to reduce
the number of non-compliances reported. The reduction in peak concentrations at
Central/Westem has reduced the number of exceedances from one to zero, F igure
5.3f shows the predicted changes in maximum hourly ozone concentrations. In many
respects, this figure can be considered to be a “mirror image” of the data presented in
Figure 5.3e, areas which are predicted to have significant increases in nitrogen
dioxide levels are shown to have reduced levels of ozone. The most significant
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decreases in ozone concentrations are predicted to arise in the vicinity of Centrai and
Causeway Bay and over the Hong Kong Island, the Western Harbour and West

Kowloon Reclamation. Reductions of approximately 20 to 30 pugm™ are predicted
along the north shore of Hong Kong Island and Kowloon.

Conclusions

As stated in the introduction, this case is considered to represent the worst case
scenario in terms of air quality impacts. - The following general conclusions can be
drawn from the analysis presented above.

Annual average concentrations of nitrogen dioxide and RSP

. Annual average corcentrations of nitrogen dioxide and RSP are predicted to
increase in most areas. Increases are anticipated to be most marked in the
North-west New Territories, Sha Tin and West Kowloon.

. Reductions in annual average concentrations of nitrogen dioxide and RSP are
predicted in the southern tip of Kowloon, Central, Wan Chai and Causeway
Bay. These results should be interpreted with caution, as the modelling results
do mot reflect air quality at street level.

. The increases in nitrogen dioxide concentrations are not anticipated to create
additional non-compliance at the AQMS. Increased RSP concentrations are
anticipated to result in non-compliances at eight out of the nine AQMS.

Maximum daily average concentrations of nitrogen dioxide and RSP

e  Under conditions considered typical of photochemical smog episodes, the
twenty four hour average concentrations of nitrogen dioxide were predicted to
increase at all AQMS. Three AQMS reported non-compliances with the AQO
in 1997, and it is anticipated that a two additional AQMS (Kwai Chung and Tai
Po) would report exceedances in 2016. This will not lead to additional nen-
compliances.

. Concentrations of RSP are anticipated to increase at all AQMS. Exceedances
of the AQO were reported at the Kwun Tong and Sha Tin AQMS in 1997 and
these are expected to continue. In addition, the Mong Kok AQMS is also
predicted to be non-compliant with the AQO in 2016. Although increases at all
of the remaining AQMS are also predicted, it is not anticipated that these will
result in exceedances.

Maximum hourly average concentrations of nitrogen dioxide and ozone

. Under conditions typically resuiting in the formation of photochemical smog,
significant increases in peak hourly average concentrations of nitrogen dioxide
are predicted at the Central/Western and Kwun Tong AQMS. Peak
concentrations at the former are expected to increase by approximately 10%.

e  Continued exceedances of the AQOs at the Mong Kok, Sham Shui Po and

PAGE 5-31



THIRD COMPREHENSIVE TRANSPORT STUDY ) SEA TECHNICAL REFORT

emission standards for vehicles.

A comparison between Figures 5.3a and 5.3g indicates that the arcas of reduced
nitrogen dioxide concentrations are more extensive under this scenario and are more
clearly associated with the densely populated urban areas in Kowloon and the Hong

Kong Island.
Table 5.3]
Annual Average Concentrations of RSP (ugm~)
AQMS 1997 Increment Total
CentraifWestern 51 2.3 53.3
Mong Kok 60 5.8 65.6
Sha Tin 49 57 54.7
Yuen Long 58 8.5 64.5
Tsuen Wan 54 16 55.6
Kwai Chung 46 36 50.6
Sham Shui Po 57 37 60.7
Kwun Tong 56 3.7 61.7
Tai Po 59 0.5 58.5

The total number of AQMS deemed to be out of compliance with the annual average
AQO for RSP is predicted to increase to six, from the five stations observed to be out
of compliance in 1997. Concentrations are predicted to increase at all AQMS. At
Yuen Long the annual average is anticipated to increase by 11%, to approximately
64.5 pgm’, 17% higher than the AQO. At Sha Tin, the RSP concentration is
predicted to be within 1 pgm” of the AQQO and exceedance at this AQMS cannot be
ruled out.

Figure 5.3h shows the predicted increases in RSP on a territory-wide basis. Increases
of 2.5 to 7.5 ugm™ are predicted in the western half of the SAR, particularly in the
Mong Kok, Tsuen Wan, Tuen Mun, Yuen Long and Fanling areas. Concentrations in
the vicipity of Pokfulam are predicted to increase by approximately 5 pgm.
Decreases in predicted concentrations are most marked in the Kowloon Peninsula and
Wan Chai/Causeway Bay areas, thereby demonstrating that if vehicle growth 1s
constrained, the improved emission standards assumed under this analysis are
sufficient to bring about reductions in ambient levels of RSP.

‘Daily Average Concentrations of Nitrogen Dioxide and RSP

Table 5.3k presents the daily average concentrations of nitrogen dioxide and RSP
predicted to occur under conditions typical of photochemical smog in the SAR. The
table also shows the threshold concentration for observations in 1997, beyond which
there is a strong probability that the AQMS would exceedance the AQO for either
nitrogen dioxide or RSP.
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Table 5.3k

Changes in Daily Average Concentrations (ngm™)
under Typical Photochemical Smog Conditions

AQMS Nitrogen dioxide Threshold RSP Threshold
Central/iWestermn 14.4 13586 4.3 175.7
Mong Kok 5.2 144.8 9.0 171.0
Sha Tin 25 147.5 6.4 173.6
Yuen Long 08 149.2 1.3 178.7
Tsuen Wan 1.6 148.4 2.0 178.0
Kwai Chung 2.6 1474 ° 56 174.4
Sham Shui Po 5.0 145.0 5.1 174.9
Kwun Tong 4.6 145.4 7.9 172.1
Tai Po 2.0 148.0 2.0 178.0

As presented in Table 5.3a, in 1997 the AQMS at Kwun Tong, Mong Kok and Sham
Shui Po all reported non-compliances for nitrogen dioxide (concentrations greater
than 150 pgm?). At these AQMS, it is predicted that the peak twenty four-hour
nitrogen dioxide concentrations will increase and hence these stations will remain
non-comphiant. The number of non-compliant stations is anticipated to remain at
three (as reported in 1997) but a single exceedance is predicted at Tai Po which was
not reported in 1997. The largest increases are predicted to arise at the
Central/Western AQMS which was in compliance with the standard in 1997. The
threshold for Central/Western is within 4% of the maximum reported concentration
for this AQMS in 1997 and hence it is possible that exceedances would oceur.

Figure 5.31 presents the predicted changes in nitrogen dioxide concentrations during a
photochemical smog event. Increases of at least 7.5 pgm™ are predicted across whole
of Hong Kong Island and in some parts of Kowloon.

Exceedances of the daily average AQO for RSP (180 nugm™®) were reported for the
Kwun Tong and Sha Tin AQMS in 1997 and under photochemical smog conditions,
levels of RSP at these two locations are anticipated to increase by 7.9 and 6.4 pgm?
respectively. On this basis, it can reasonably be predicted that continued exceedances
of the AQOs at these two AQMS are probable. In addition, a non-compliance has
been predicted at the Mong Kok AQMS. The most significant increases in
concentration are predicted to occur at the Mong Kok, Kwun Tong and Sha Tin
AQMS which are predicted to be non-compliant with the AQO in 2016. For all of the
remaining locations, whilst increases in the RSP concentration are anticipated, it is
not predicted that these will lead to exceedances of the AQO.

As presented in Figure 5.3j, large areas of the SAR are predicted to experience
increases in the daily average levels of RSP under photochemical smog conditions.
The most severely impacted areas are in Kowloon and central part of Hong Kong
Island with increases of over 7.5 pgm™ anticipated in these areas.

Table 5.31 summarises the predicted concentrations of nitrogen dioxide and RSP
under conditions which typically give rise to high levels of RSP across the SAR.
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Table 5.31

Changes in Daily Average Concentrations (ugm™)
under Typical Episodes of High Levels of RSP

AQMS Nitrogen dioxide Threshold RSP Threshold
Central/Western 8.7 141.3 3.8 176.2
Mong Kok 1.7 148.3 24 177.6
Sha Tin 1.6 148.4 28 1774
Yuen Long 0.5 149.5 1.1 178.9
Tsuen Wan 0.6 148.4 1.4 178.6
Kwai Chung 0.9 149.1 14 178.6
Sham Shui Po 1.5 148.5 1.4 178.8
Kwun Tong 1.3 148.7 1.5 1785
Tai Po 0.2 149.8 0.3 178.7

With reference to the data presented in Table 5.3b, it is evident that the Kwun Tong
and Sha Tin AQMS would continue to report exceedances of the AQO for RSP. In
addition, an exceedance is also predicted at the Mong Kok AQMS.

Maximum Hourly Average Concentrations of Nitrogen Dioxide and Ozone

Table 5.3m presents the changes in the predicted maximum hourly average
concentrations of nitrogen dioxide and ozone under typical photochemical smog
conditions. In addition to the presentation of predictions at each of the AQMS, the
table also shows the threshold concentrations and the maximum increase predicted in
the model domain. The latter is considered particularly important for the ozone
predictions, as these are likely to be at a maximum some distance downwind of the
urban area.
Table 5.3m

Changes in Maximum Hourly Average Concentrations (ugm™)
under Typical Photochemical Smog Conditions

AQMS Nitrogen dioxide Threshold Ozone Threshold
Central/Western 16.1 283.9 -15.6 2556
Mong Kok 7.9 292.1 -5.9 245.9
Sha Tin 35 296.5 -1.1 2411
Yuen Long 3.0 287.0 -0.4 240.4
Tsuen Wan 5.1 294.9 0.2 239.8
Kwai Chung 6.1 283.9 -0 2401
Sham Shui Po 7.8 2922 -7.2 247.2
Kwun Tong 12.6 287.4 -1.8 2418
Tai Po 2.3 297.7 0.4 240.4
Maximum 29 N/A 4.4 N/A
East of Chai Wan South of Lamma

Increased peak mitrogen dioxide concentrations are predicted at all AQMS. As
described in Table 5.3a, the AQMS at Kwun Tong, Mong Kok and Sham Shui Po
reported exceedances of the AQO in 1997 and it is predicted that these will continue.
However, the number of non-compliant AQMS will remain at one (Mong Kok). The
largest increases are predicted to be at the Central/Western and Kwun Tong AQMS
but are not anticipated to result in exceedances of the AQO at the Central/Western
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AQMS. For example, the maximum reported nitrogen dioxide concentration at the
Central/Western AQMS in 1997 was 205 pgm>, the predicted increase of
approximately 16 pgm” (8%) would result in a concentration of 221 ugm? in
Central/Western in 2016, well within the AQO of 300ugm™. Figure 5.3k presents the
predicted changes in peak nitrogen dioxide concentrations on a termtory-wide basis.
Increases in excess of 20 pgm> are predicted in areas such as Chai Wan, Lei Yue
Mun and the south Tseng Kwan O areas.

Peak ozone concentrations are predicted to decrease at all AQMS except Tsuen Wan,
aithough for the reasons stated above, it is anticipated that the most significant
increases in concentrations would arise downwind of the urban areas. As anticipated,
reductions in ozone concentrations are predicted for those AQMS that are expected to
record increased nitrogen dioxide concentrations. The predicted decrease in
concentrations at the Sha Tin AQMS is not expected to reduce the number of non-
compliances reported. The reduction in concentrations predicted at Central/Western
has reduced the number of exceedances from ome to zero. Figure 5.31 shows the
predicted changes in ozone concentrations across the SAR. The figure shows marked
reductions (approximately 20 pgm™) in ozone concentrations in those areas predicted
to encounter significantly increased concentrations of nitrogen dioxide, these
reductions are most marked along the northemn shore of the central sector of Hong
Kong Island.

Cenclusions

The following general conclusions can be drawn from the analysis presented in this
sectiom.

Annual average concentrations of nitrogen dioxide and RSP

. Annual average concentrations of nitrogen dioxide are predicted to increase in
some areas. Increases are anticipated to be most marked in the North West
New Territories. RSP levels are predicted to increase in similar areas, and
particularly so in Yuen Long and in West Kowloon.

o Reductions in annual average concentrations of nitrogen dioxide and RSP are
predicted 1n the central part of Hong Kong Island.

. The increases in nitrogen dioxide concentrations are not anticipated to create
additional non-compliances with the AQQO at the AQMS. Increased RSP
concentrations are anticipated to result in non-compliances with the AQO at six
out of the nine AQMS.

Maximum daily average concentrations of nitrogen dioxide and RSP
. Under conditions considered typical of photochemical smog episodes, the

twenty four hour average concentrations of mtrogen dioxide were predicted to
- increase at all AQMS. The Kwun Tong, Mong Kok and Shum Shui Po AQMS
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reported non-compliances with the AQO in 1997, and it is anticipated that this
situation will continue te arise.

Concentrations of RSP are anticipated to increase at all AQMS. Exceedances
of the AQO were reported at the Kwun Tong and Sha Tin AQMS in 1997 and
these are expected to continue. In addition, the Mong Kok AQMS is also
predicted to become non-compliant. Although increases at all of the remaining
AQMS are also predicted, it is not anticipated that these will result in non-
compliances.

Maximum hourly average concentrations of nitrogen dioxide and ozone

Significant increases in peak hourly average concentrations of nitrogen dioxide
are predicted at the Central/Westernm and Kwun Tong AQMS. Peak
concentrations at the Central/Western AQMS are expected to increase by
approximately 8%.

Continued exceedances of the nitrogen dioxide AQO at the Mong Kok, Sham
Shui Po and Kwun Tong AQMS are predicted and will result in Mong Kok
becoming non-compliant.

All AQMS should continue to meet the AQO for ozone. Concentrations may
reduce by approximately 20 pgm™ in some instances.

5.3.3.4 Medium Growth Scenario

This scenario is a modified version of the High Growth (Low End) scenario assessed
in Sectiont 5.3.3.3 but it includes policy measures to restrain the vehicle growth rate
and an associated reduced level of infrastructure provision.

Annual Average Concentrations of Nitrogen Dioxide and RSP

Tables 5.3n and 5.30 present the changes in annual average concentrations of
nitrogen dioxide and RSP predicted at each of the AQMS in the SAR in 2016.

Table 5.3n
Annual Average Concentrations of Nitrogen Dioxide (ngm™)

AQMS 1997 Increment Total
Central/Westemn 58 1.0 59.0
Mong Kok 85 22 87.2
Sha Tin 49 472 53.2
Yuen Long b1 7.9 68.9
Tsuen Wan 68 1.3 69.3
Kwai Chung 49 4.6 838
Sham Shui Po 71 1.2 : 722
Kwun Tong 74 3.7 777
Tai Po 50 -1.0 45,0

With the exception of the AQMS at Tai Po, the predictions indicate an increase in
nitrogen dioxide concentrations at all stations. Increases of up to 13 % are predicted
at the Yuen Long AQMS. The Mong Kok AQMS is predicted to continue to be out
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of compliance. The territory-wide changes of nitrogen dioxide concentrations are
presented in Figure 5.3m. Increased levels of this pollutant are predicted across most
of the SAR and in particular the North-west New Territories and Tsuen Wan. The
most marked increases are in the order of 5 to 7.5 pgm™ and are predicted to arise in
Yuen Long area. This repeats a patterm observed in the other scenarios presented so
far and is considered to be attributable to increased cross boundary traffic flows and
the provision of an enhanced road network in this area, which includes Route 3 and
Route 10. As indicated by the results presented in Table 5.3n, reduced levels of
nitrogen dioxide are predicted in some of the urban areas, including the Kowloon,
Central and Wan Chai/Causeway Bay. In these areas, reductions in the order of 7.5
to 1 pgm™ are predicted.

Predicted changes in annual average RSP concentrations are presented in Table 530
for each of the AQMS in the EPD network.

Table 5.30

Annual Average Concentrations of RSP (ngm?)
AQMS 1997 Increment Total
CentralfWestern 51 1.7 52.7
Mong Kok 60 4.3 64.]
Sha Tin 49 47 537
Yuen Long 58 5.6 63.6
Tsuen Wan 54 1.3 55.3
Kwai Chung 46 3.0 50.0
Sham Shui Po 57 2.9 59.9
Kwun Tong 56 31 61.1
Tai Po 59 0.1 504

RSP concentration at the AQMS which showed non-compliances with the AQO for
anmual average RSP concentration in 1997 are predicted to increase. In addition,
RSP concentrations at Tsuen Wan are anticipated to increase to 55.3 ugm™, thereby
rendering this AQMS out of compliance with the AQO. The most marked change is
anticipated at the Yuen Long AQMS, where RSP levels are expected to increase by
about 10%, to approximately 63.6 ugm™.

Territory-wide changes in RSP levels are presented in Figure 5.3n. 1t is evident that
concentrations in the NWNT, West Kowloon and North Point are predicted to
increase by between 2.5 and 5 ngm”. Reductions in RSP levels are predicted in Tsim
Sha Tsui/Hung Hom, Central, Wan Chai and Causeway Bay areas.

Daily Average Concentrations of Nitrogen Dioxide and RSP

Table 5.3p presents the changes in the daily -average concentrations of nitrogen
dioxide and RSP predicted to occur under conditions typical of photochemical smog
in the SAR. The table also shows the threshold concentration for observations in
1997, beyond which there is a strong probability that the AQMS would exceed the
AQO for either nitrogen dioxide or RSP.
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Table 5.3p

Changes in Daily Average Concentrations (ugm>)
under Typical Photochemical Smog Conditions

AQMS Nitrogen dioxide Threshold RSP Threshold
Central/Western 12.9 13714 3.9 176.1
Mong Kok 0.7 145.3 7.1 172.9
Sha Tin -1.0 151.0 49 175.1
Yuen Long -0.7 150.7 1.0 176.0
Tsuen Wan -1.5 151.5 15 178.5
Kwai Chung -1.6 1581.8 4.2 176.8
Sham Shui Po 0.4 149.6 3.9 176.1
¥wun Tong 1.1 148.8 6.3 173.7
Tai Po -1.0 151.0 1.5 178.5

As presented in Table 5.3a, in 1997 the AQMS at Kwun Tong, Mong Kok and Sham
Shui Po all reported non-compliances for nitrogen dioxide (greater than 150 pem™).
The predictions indicate that concentrations at these stations would all be likely to
increase under photochemical smog conditions, relative to levels reported in 1997
Analysis of the complete set of AQMS data for 1997 indicates that the number of
exceedances reported at Mong Kok is expected to remain at six per annum, an
indication that this station will remain out of compliance with the AQO. At the
Sham Shui Po AQMS, three exceedances of the AQO are anticipated, the same as
reported in 1997. An additional exceedance is predicted at the Kwun Tong AQMS
relative to 1997. The largest increases are predicted to arise at the Central/Westemn
AQMS which was in compliance with the standard in 1997. The threshold for
Central/Western is in excess of the maximum reported concentration for this AQMS
in 1997 and hence it is anticipated that there is a low probability that exceedances
would be reported, even though concentrations could increase by approximately
10%.

Figure 5.30 presents the predicted territory-wide changes in mitrogen dioxide

concentrations during a photochemical smog event. Increases in the daily average

concentration are predicted to arise in the Western Harbour / West Kowloon, North

and East Shore of Hong Kong Isiand and East Lamma Channel. The most significant

increase of betweens 5 and 7.5 pgm” are predicted in these areas. Nitrogen dioxide

levels in the majority of the New Territories are predicted to decrease by up to 3
-3

pem” .

Exceedances of the daily average AQO for RSP (180 pgm™) were reported for the
Kwun Tong and Sha Tin AQMS in 1997 and under photochemical smog conditions,
levels of RSP at these two locations are anticipated to change by 6.3 and 4.9 pgm®
respectively. Two exceedances of the AQO are predicted at Mong Kok AQMS
which renders this station non-compliant. The most significant increases in
concentration are predicted to occur at the Mong Kok and Kwun Tong AQMS.

Figure 5.3p presents the predicted changes in RSP levels across the SAR. RSP
concentrations in the Tuen Mun, Tai Po, Sha Tin, Tsuen Wan and most of Kowloon
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and Hong Kong Island are predicted to rise by at least 2.5 pgm™. The most
significant increases are predicted to arise in the vicinity of Wan Chai and Causeway
Bay.

Maximum Hourly Average Concentrations of Nitrogen Dioxide and Ozone

Table 5.3q presents the predicted maximum hourly average concentrations of
nitrogen dioxide and ozone under typical photochemical smog conditions. In
addition to the presentation of predictions at each of the AQMS, the table also shows
the threshold concentration and the maximum increase predicted in the model
domain.

Table 5.3q

Changes in the Maximum Hourly Average Concentrations (pgm™)
Under Typical Photochemical Smog Conditions

AQMS Nitrogen dioxide Threshold Ozone Threshold
Ceniral/Westemn 15.7 284.3 -12.2 252.2
Mong Kok 48 285.2 0.1 239.9
Sha Tin -1.2 301.2 3.2 236.8
Yuen Long -3.2 303.2 0.4 239.6
Tsuen Wan 4.8 304.9 1.0 239.0
Kwai Chung -2.8 302.9 0.0 240.0
Sham Shui Po 21 297.9 -1.5 2415
Kwun Tong 9.3 280.7 0.8 239.2
Tai Po -2.2 302.2 0.3 239.7
Maximum 258 N/A 8.0
East of Chai Wan Junk Island

Increased peak nitrogen dioxide concentrations are predicted at four of the AQMS,
ie: Central/Western, Mong Kok, Shum Shui Po and Kwun Tong. As described in
Table 5.3a, the AQMS at Kwun Tong, Mong Kok and Sham Shui Po reported
exceedances of the AQO in 1997 and it is predicted that these will continue.
However, the number of non-compliant AQMS will remain at one (Mong Kok). It is
predicted that Kwun Tong and Sham Shui Po AQMS would continue to report three
and two exceedances of the AQO per annum respectively, thereby remaining in
compliance. The largest increases are predicted to be at the Central/Western AQMS
but are not anticipated to result in exceedances of the AQO. For example, the
maximum reported nitrogen dioxide concentration at the Central/Western AQMS in
1997 was 205 pgm”, the predicted increase of approximately 16 pgm™ (8%) would
result in a concentration of 221 pgm™ in 2016, well within the AQO of 300 pgm™.

Figure 5.3q presents the predicted changes in peak nitrogen dioxide concentrations
on a territory-wide basis. It is evident from the figure that both significant decreases
and increases in the concentrations are predicted over quite large areas of the SAR.
Increases of more than 15 pgm™ are predicted in the Chai Wan and Lei Yue Mun
areas. The most significant improvements in air quality are in the New Territories. In
these areas, reductions in nitrogen dioxide concentrations of up to 7.5 pgm? are
predicted.
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Peak ozone concentrations are predicted to increase at six of the AQMS, although for
the reasons stated above, it is anticipated that the most significant increases in
concentrations would arise down wind of the urban areas. As anticipated, reductions
in ozone concentrations are predicted for those AQMS that are expected to record
significantly increased nitrogen dioxide concentrations, ie Central/Western. It is
possible that this phenomenon will result in the Central/Western AQMS being fully
compliant with this AQO; however, the predicted O, concentrations at the Sha Tin
AQMS is not expected to reduce the number of non-compliances reported.

Figure 5.3r shows the predicted changes in ozone concentrations, most notable are
the significant reductions in ozone levels in the central and westemn sector of Hong
Kong Island and along the East Lamma Chamnel. Increases in ozone concentrations
in the order of 5 ugm™ are predicted in Sha Tin, Ngau Chi Wan and Chep Lap Kok.

Conclusions

The following general conclusions can be drawn from the analysis presented above.

Annual average concentrations of nitrogen dioxide and RSP

. Annual average concentrations of nitrogen dioxide are predicted to decrease at
Sha Tin, West Kowloon and most part of Hong Kong Island. Localised
increases are predicted in the Northwest New Territories and Tsuen Wan areas.

e RSP concentrations are predicted to increase in North-west New Territories,
Tsuen Wan and West Kowloon and decrease in south Kowloon and central part
of Hong Kong Island. All AQMS concentrations are likely to increase and it 1s
anticipated that six would remain out of compliance.

Maximum daily average concentrations of nitrogen dioxide and RSP

. Under conditions considered typical of photochemical smog episodes, the
twenty four-hour average concentrations of nitrogen dioxide were predicted to
decrease at five out of nine AQMS, although increases were predicted at the
Central/Western, Mong Kok, Shum Shui Po and Kwun Tong AQMS. Three
AQMS reported non-compliances of the AQO in 1997, it is anticipated that the
nurnber of non-compliant AQMS stations will be the same in 2016.

. Concentrations of RSP are anticipated to increase at all AQMS. Exceedances
of the AQO were reported at the Kwun Tong and Sha Tin AQMS in 1997 and
these are expected to continue. As only one exceedance was predicted at each
station, they are anticipated to remain in compliance with the AQO. Two
exceedances were predicted at Mong Kok AQMS which will render this station
out of compliance in 2016.

PAGE 541



THIRD COMPREHENSIVE TRANSPORT STUDY SEA TECHNICAL REPORT

5335

Maximum hourly average concentrations of nitrogen dioxide and ozone

J Under conditions typically resulting in the formation of photochemical smog,
significant increases in peak hourly average concentrations of nitrogen dioxide
are predicted at the Central/Western AQMS, peak concentrations are expected
to increase by approximately 8%.

. Continued exceedances of the AQOs at the Mong Kok, Sham Shui Po and
Kwun Tong AQMS are predicted. However, Mong Kok AQMS continued to
be the only station deemed non-compliant. : :

. All AQMS should continue to meet the AQO for ozone. Concentrations may
decrease by approximately 20 pgm®*.

Low Growth Scenario

This scenario represents the lower bound assumption used in the analysis. Under this
scenario, both population growth and vehicle growth are limited. Infrastructure
provision is limited but considered sufficient to meet the objectives for mobility.

Annual Average Concentrations of Nitrogen Dioxide and RSP

Tables 5.3r and 5.3s present the changes in annual average concentrations of nitrogen
dioxide and RSP predicted at each of the AQMS in the SAR in 2016,

Table 5.3r
Annual Average Concentrations of Nitrogen Dioxide (1gm™)
AGMS 1997 Increment Total
Central/Westemn 58 -0.9 57.1
Mong Kok 85 -0.1 849
Sha Tin 49 2.2 51.2
Yuen Long §1 6.1 67.1
Tsuen Wan 68 0.1 68.1
Kwai Chung 49 29 51.9
Sham Shui Po 71 -1.0 70.0
Kwun Tong 74 2.0 76.0
Tai Po 50 -2.2 47.8

The predictions indicate that four out of nine AQMS will show improvements in
2016 under this scenario. Although a slight reduction is predicted for Mong Kok
AQMS, it will still be non-compliant with the AQO in 2016.

The territory-wide changes in nitrogen dioxide concentrations are presented in Figure
5.3s. Increased levels of this pollutant are predicted in the Northwest New Territories
and the eastern sector of the Hong Kong Island South district. The most marked
increases are in the order of 5 pugm™ and are predicted to arise in Yuen Long and
Fanling. This repeats a pattern observed in the other scenarios presented so far and is
considered to be attributable to increased cross boundary traffic flows and the
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provision of an enhanced road network in these areas. As indicated by the results
presented in Table 5.3r, reduced levels of nitrogen dioxide are predicted in the urban
areas, including the Kowloon Peninsula, Wan Chai/Causeway Bay and Tai Po.

Predicted changes in annual average RSP concentrations are presented in Table 5.3s
for each of the AQMS in the EPD network.

Table 5.3s
Annual Average Concentrations of RSP (ugm™)
AQMS 1997 Increment Total
Central/Westem 51 0.1 509
Mong Kok 60 1.0 61.0
Sha Tin 49 2.2 51.2
Yuen Long 58 3.2 61.2
Tsuen Wan 54 0.5 545
Kwai Chung 48 1.4 48.4
Sham Shui Po 57 08 57.8
KwunTong 56 1.6 59.6
Tai Po 59 0.8 58.1

For the majority of AQMS that were deemed non-compliant in 1997, concentrations
are predicted to increase, the exception being Tai Po. Although a reduction in RSP
levels is predicted at Tai Po AQMS, the predicted concentration will still be deemed
non-compliant in 2016. The most marked change is anticipated at the Yuen Long
AQMS, where RSP levels are expected to increase to approximately 61 pgm™.

Temritory-wide changes in RSP levels are presented in Figure 5.3t. The most
significant increases (approximately 2.5 igm™) are predicted in Yuen Long and Tuen
Mun. Reductions in RSP levels are predicted in southem Kowloon, Kwai Chung,
Kowloon City, Sha Tin and for the majority of Hong Kong Island.

Daily Average Concentrations of Nitrogen Dioxide and RSP

Table 5.3t presents the changes in the daily average concentrations of nitrogen
dioxide and RSP predicted to occur under conditions typical of photochemical smog
in the SAR. The table also shows the threshold concentration for observations in
1997, beyond which there is a strong probability that the AQMS would exceed the
AQO for either nitrogen dioxide or RSP,
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Table 5.3t
Changes in Daily Average Concentrations (ugm™)
under Typical Photochemical Smog Conditions

AQM3 Nitrogen dioxide Threshold RSP Threshold
Central/wWestern 8.8 141.2 21 177.9
Mong Kok -5.2 155.2 2.9 178.0
Sha Tin -5.3 155.3 0.8 179.2
Yuen Long -2.3 152.3 0.2 179.8
Tsuen Wan -4.8 154.8 0.0 180.0
Kwai Chung -6.9 1569 0.8 179.2
Sham Shui Py -5.5 155.5 0.8 179.2
Kwun Tong -3.7 153.7 1.9 178.1
Tai Po 4.4 154 .4 .1 179.9

In 1997 the AQMS at Kwun Tong, Mong Kok and Sham Shui Po all reported non-
compliances for nitrogen dioxide (greater than 150 pgm™). The predictions indicate
that concentrations at these stations would all be likely to decrease under
photochemical smog conditions, relative to levels reported in 1997. Analysis of the
complete set of AQMS data for 1997 indicates that the number of exceedances
reported at Mong Kok is expected to reduce to four per annum, and hence this station
will still be non-compliant with the AQO. At the Sham Shui Po AQMS, two
exceedances of the AQO are anticipated, a reduction from the three reported in 1997
The situation for Kwun Tong will remain the same as that of 1997 where 1
exceedance of daily RSP and 2 exceedance of NO, are predicted. The only increase
is predicted to arise at the Central/Western AQMS which was in compliance with the
standard in 1997 and is expected to remain so under this scenario.

Figure 5.3u presents the predicted territory-wide changes in nitrogen dioxide
concentrations during a photochemical smog event. Reductions of 5 to 15 pgm™ are
predicted in large areas of the New Territories, including the urban areas of Tai Po,
Sha Tin, Kowloon, Kwun Tong and Tseung Kwan O, and the central and southem
regions of Hong Kong Island. Increased nitrogen dioxide concentrations are
predicted along the north shore of Hong Kong Island, the Western Harbour, Lamma
Island and the East Lamma Channel. Increases in excess of 7.5 pgm™ are predicted
in the Central/Western and Green Island areas.

Exceedances of the daily average AQO for RSP (180 pgm™) were reported for the
Kwun Tong and Sha Tin AQMS in 1997 and under photochemical smog conditions,
levels of RSP at these two locations are anticipated to increase by 1.9 and 0.8 pgm”
respectively. Increase in concentration is predicted to occur at the Mong Kok AQMS
and the threshold vatue is within 1 pgm™ of the maximum concentration recorded in
1997 and hence the possibility of an exceedance cannot be eliminated.

Figure 5.3v presents the predicted changes in RSP levels across the SAR. The
changes range from -1 pgm™ to +2.5 pgm>. Increases of 2.5 pgm™ are predicted in
Tsim Sha Tsui, Wan Chai and Causeway Bay areas.
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Maximum Hourly Average Concentrations of Nitrogen Dioxide and Ozone

Table 5.3u presents the changes in predicted maximum hourly average concentrations
of nitrogen dioxide and ozone under typical photochemical smog conditions.

Table 5.3u

Changes in Maximum Hourly Average Concentrations (ngm™)
under Typical Photochemical Smog Conditions

AQMS Nitrogen dioxide Threshold Ozone Threshold
Central/Western 12.5 287.5 -7.5 2475
Mong Kok -1.1 301.1 7.3 232.7
Sha Tin -1.8 307.6 7.5 232.5
Yuen Long -10 310.0 1.1 2389
Tsuen Wan -17.8 317.8 2.7 237.3
Kwai Chung -15.4 3154 0.4 240.4
Sham Shui Pa -1.7 3077 54 2346
Kwun Tong 2.5 287.5 7.7 2323
Tal Po -13.2 313.2 0.9 2391
Maximum 17.2 N/A 14.9 NIA
Chai Wan Junk Island

Increased peak nitrogen dioxide concentrations are predicted at only one of the
AQMS, i.e.: Central/Western. As described in Table 5.3a, the AQMS at Kwun Tong,
Mong Kok and Sham Shui Po reported exceedances of the AQQO in 1997 and it is
predicted that these will continue. The number of exceedances reported at Mong
Kok remains at four instances thereby is the only station deemed non-compliant. Itis
predicted that Kwun Tong and Sham Shui Po AQMS would continue to report two
exceedances of the AQO per annum, remaining in compliance. The largest increase
is predicted to be at the Central/Western AQMS but is not anticipated to result in
exceedance of the AQO.

Figure 5.3w presents the predicted changes in peak nitrogen dioxide concentrations
across the SAR. It is evident from the figure that both significant decreases and
increases in the concentrations are predicted over quite large areas, however many
areas predicted to encounter increased concentrations are over Hong Kong Waters.
Increases of more than 7.5 pgm™ are predicted in the Chai Wan, Lei Yue Mun and
south of Tseung Kwan O. Central/Western and North Lamma Island are similarly
impacted. Significant reductions in nitrogen dioxide concentrations are predicted in
most parts of the New Territories. An extensive area of reduced concentrations Is
also predicted for much of Lantau Island.

Peak ozone concentrations are predicted to increase at all AQMS with the exception
of Central/Western and Kwai Chung. The most significant increases are predicted at
the Kwun Tong, Mong Kok and Sha Tin AQMS, aithough exceedances of the AQO
are not predicted in Kwun Tong and Mong Kok. Figure 5.3x shows the predicted
changes in ozone concentrations, most notable are the significant reductions in ozone
concentrations in an area defined by the West Kowloon Reclamation, the western
sector of Hong Kong Island and along the East Lamma Channel. Increases in ozone
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concentrations in the order of 10 pgm™ are predicted in San Po Kong and Tseung
Kwan O.

Conclusions

As stated in the introduction, this scenario is considered to represent the scenario
with the least potential to adversely impact air quality in the SAR. The following
general conclusions can be drawn from the analysis presented above.

Annual average concentrations of nitrogen dioxide and RSP

Annual average concentrations of nitrogen dioxide are predicted to decrease in
Kowloon and most parts of Hong Kong Island. Localised increases are
predicted in the Northwest New Territories, Tuen Mun and Tsuen Wan areas.
Under this scenario, ali of the AQMS except Mong Kok are in compliance with
the AQQ for this pollutant.

Changes in RSP concentrations also reflect the same pattern with general
increases in the west of the SAR and reductions in the central and eastern areas.
All five AQMS which were out of compliance in 1997 will continue to be so in
2016.

Maximum daily average concentrations of nitrogen dioxide and RSP

Under conditions considered typical of photochemical smog episodes, the
twenty four hour average concentrations of nitrogen dioxide were predicted to
decrease at all AQMS except Central/Westemn. Three AQMS reported non-
compliances with the AQO in 1997, it is anticipated that the number of
exceedances will fall in 2016 but that the number of non-compliances is likely
to remain the same.

Concentrations of RSP are anticipated to increase at all AQMS. Exceedances
of the AQO were reported at the Kwun Tong and Sha Tin AQMS in 1997 and
these are expected to continue but as only one exceedance was predicted at
each station they are expected to remain in compliance.

Maximum hourly average concentrations of nitrogen dioxide and ozone

Under conditions typically resulting in the formation of photochemical Smog,
decreases in peak hourly average concentrations of nitrogen dioxide are
predicted at all AQMS except Central/Western and Kwun Tong, peak
concentrations at the Central/Westem AQMS are expected to increase by
approximately 13 pgm>.

The number of exceedances of the nitrogen dioxide AQO at the Mong Kok,
Sham Shui Po and Kwun Tong AQMS are predicted to be the same as in 1997.

All AQMS should continue to meet the AQO for ozone. Concentrations may
increase by approximately 10 pgm™ at same stations.
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Discussion

The following general conclusions were drawn for the PATH air quality modelling:

. Air quality in the North West New Temitories is predicted to undergo
significant deterioration. Continued non-compliance with the annual average
AQO for RSP is predicted at the Yuen Long AQMS under all scenarios. The
deterioration in air quality in this area is considered to be attributable to the
growth in cross boundary and local traffic and the associated provision of
extensive new highway infrastructure.

. In the urban areas of Tai Po, Sham Shui Po, Tsuen Wan, Sha Tin and Kwun
Tong, air quality is also predicted to deteriorate under most scenarios due to the
anticipated growth in vehicle numbers, which off-sets the benefits from
improved emission control technologies and tighter emission standards.

. Anticipated increases in RSP concentrations remain a major concern in Mong
Kok, Sham Shui Po, Kwun Tong, Tai Po, Tsuen Wan and Yuen Long.

Analyses were undertaken to determine which areas of the SAR are most heavily
impacted by vehicle emissions. The assessment demonstrated that the importance of
vehicle emissions varies significantly across the SAR. Areas such as eastern side of the
SAR are predicted to be far less heavily impacted by vehicle emissions than areas such
as North-west New Territories. These findings could be used as the basis for focusing
local air quality management strategies. It should also be noted that cross boundary
fluxes of pollutants have marked impacts on air quality in the SAR, especially during
the winter months.

The results of the assessment are provided in Tables 5.3v and 5.3w, summarising the
exceedances and general level of compliance with the AQOs in the year 2016 at each
of the existing AQMS operated by the EPD. It should be noted that for some
pollutants such as ozone, these stations are unlikely to detect the highest
concentrations. It should also be emphasised that the areas likely to record the most
significant increases in poliutant concentrations are located in areas of the SAR not
particularly well monitored at present.
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Table 5.3v
Predicted Numbers of Non-compliant AQMS in the Year 2016
Qzone RSP Nitrogen dioxide Total

Averaging time 1-hr 24-hr 1 year 1-hr 24-hr 1 year
1997 ¢ 0 5 (KT, MK, 58P, 1{MK} | 3 (KT, MK, SSP) 1 {MK) 10

TR, YL)
Low Growth 0 0 5 {KT, MK, SSP, 1(MK)} | 3(MK, SSP,KT) 1 (MK) 10

TP, YL)
Mediurn Growth 0 1 (MK} | 6{MK, SSP,KT, 1 (MK} | 3{MK SSP, KT} 1 (MK) 12

TW, YL, TP) : : .
High Growth 0 T(MK) | 8(MK SSP, KT, [ 1(MK}) | 3(MK SSP,KT) 1{MK) 12
{Low End) TW, YL, TP)
High Growth 0 T(MK) | 8(CW, MK SSP, | 1{MK} | 3 (MK, SSP,KT) 1{MK) 14
(High End) KT, TW, S, YL,
TP}
Notes:

() CW - Central/Western, MK - Mong Kok, $SP - Sham Shui Po, KT - Kwun Tong, KC - Kwai Chung, TW - Tsuen Wan,
S- ShaTin, YL - Yuen Long, TP - Tai Po

(i) Hourly concentrations which exceed the AQO more than three times per year will be considered as non-compliant;

{iif) Daily concentrations which exceed the AQO more than once per year will be considered as non-comgliant.

Table 5.3w
Predicted Numbers of Exceedances at AQMS in the Year 2016
Ozone RSP Nitrogen dioxide Total
Averaging time 1-hr 24-hr 1 year 1-hr 24-hr 1 year
1997 a(s) 1(8) 5 (KT, MK, SSP, 4 (MK) 6(MK] 1 (MK) 32
1{CW) UKT) TP, YL) 2{KT) HSSF)
: 2(35P) 2(KT)
1(TP)
Low Growth 3(S) 1(S) 5(KT,MK,SSP, | 4 (MK) 4 (MK) 1(MK) 28
1(KT) TP, YU) 2(KT) 2(SsP)
2 (SSP) 2 (KT)
1(P)
Medium Growth 3(9) 2 (MK) 6 (MK, SSP, KT, 4 (MK) 6 {MK) 1(MK) 35
1(8) TW, YL, TP) 3(KT) 3 (SSP)
1(KT) 2(88P) 3{KT)
1(TP)
High Growth 3(S) 2(MK) | 6(MK SSP.KT, | 4(MK) 6 (MK) 1(MK) 36
(Low End) 1(8) W, YL, TP) 3K 3{ssM)
1KT) 2{SsP) 3 (KT)
1(TP}
High Growth 3(S) 3(MK) | 8(CW, MK, SSP, | 5 (MK) 6 (MK) 1(MK) 42
(High End) 1(S) KT, TW, S, YL, 3(KT) 3(SSP)
1(KT) TP) 2(58P) 4 (KT)
1{TP}
1{KC)
Notes:

{i) CW - Central/Western, MK - Mong Kok, SSP - Sham Shui Po, KT - Kwun Tong, KC - Kwai Chung, TW - Tsuen Wan,
$ - Sha Tin, YL - Yuen Long, TP - Tai Po

{if) Hourly concentrations which exceed the AQO more than three times per year will be considered as non-compliant;

i) Daily concenirations which exceed the AQO more than once per year will be considered as non-compliant.
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It is evident from the results presented in these tables that under all scenarios there
would continue to be non-compliances with the AQOs in the SAR. In 1997, ten such
non-compliances were recorded. This is expected to increase to 14 under the High
Growth (High End) Scenario and to 12 under the High Growth (Low End) Scenario.
Under the Low Growth scenario the number of non-compliances is predicted to be
the same as in 1997.

All scenarios under the Recommended Transport Strategies exceeded Air Quality
Objectives. The predicted air quality under the Low Growth Scenarios is similar to
that of 1997.

A series of model runs were undertaken to ascertain the contribution of traffic
emissions to air quality in the SAR. For illustrative purposes, the predictions for
daily and annual average concentrations of nitrogen dioxide and annual average
concentrations of RSP have been selected for analysis. The year 2016 was selected
and the High Growth (Low End) and Medium Growth scenarios were used.

Figures 5.3y and 5.3z present territory-wide daily average concentrations of nitrogen
dioxide attributable to traffic emissions under typical photochemical smog conditions
for the High Growth (Low End) and Medium Growth scenarios, respectively. Under
the High Growth (Low End) scenario, concentrations in excess of 30 pgm™ are
predicted to be generated from traffic, this is similar for the Medium Growth
scenario.

Annual average concentrations of NO, and RSP attributable to vehicle emissions are
presented in Figures 5.3aa to 5.3ad for the High Growth (Low End) and Medium
Growth scenarios. Predictions of the NO, and RSP annual average concentrations at
each of the AQMS were repeated but with all vehicle emissions set to zero. The
percentage contributions to annual average concentrations of NQO, and RSP
attributable to traffic emissions at each of the existing AQMS are presented in Tables
5.3x and y, respectively.

Table 5.3x
Traffic contributions to annual average NO, concentrations
AQMS High Growth (Low End) Medium Growth
% traffic contribution % traffic contribution

Central/Western 14% 13%

Mong Kok 18% 17%

Sha Tin 27% 24%

Yuen Long 22% 20%

Tseun Wan 11% 10%

Kwai Chung 22% 20%

Sham Shui Po 20% 18%

Kwun Tong 14% 13%

Tai Po 18% 15%

Note: Contribution from traffic are in terms of general air quality, traffic contributions to rcad-side air

- uality are expected to be higher.
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Table 5.3y
Traffic contributions to annual average RSP concentrations
AQMS High Growth (Low End) Medium Growth
% traffic contribution % traffic contribution
Central/Western 34% 33%
Mong Kok 50% 48%
Sha Tin 48% 47%
Yuen Long 42% 40%
Tseun Wan 23% - S L 23%
Kwai Chung 37% 36%
Sham Shui Po 37% 36%
Kwun Tong 37% 37%
Tai Po 27% 26%
Note: Contribution from traffic are in terms of general air quality, traffic contributions to roadside air
quality are expected to be higher.

. Central/Western, Mong Kok, Sha Tin, Yuen Long, Kwai Chung, Kwun Tong
and Shum Shui Po AQMS: The percentage of annual average nitrogen dioxide
concentrations attributable to traffic emissions from within the SAR were
estimated in the range from 14% to 27%. The percentage of annual average
RSP concentrations attributable to traffic emissions from within the SAR were
estimated to range from 37% to 50%. The relatively high contribution of
vehicle emissions to the predicted annual average RSP concentrations is
considered to reflect the relatively hi gh traffic volumes in these areas and could
be used as the basis for prioritising these areas for the introduction of measures
to further reduce vehicle emissions.

. Tsuen Wan and Tai Po AQMS: The percentage of annual average nitrogen
dioxide concentrations attributable to traffic emissions from within the SAR
was estimated to be approximately 11% and 16% respectively. The percentage
of annual average RSP concentrations attributable to {raffic emissions from
within the SAR was estimated to be 23% and 27% respectively and hence
further measures to reduce vehicle emissions in these localities are given high
to medium priority.

The values reported in this section are produced by PATH model which uses a 1.5km
gnd size to generate air quality predictions a territory-wide basis. The numbers
generated are indicative of ambient air quality and not air quality at roadside
locations. The implications for this study is that the percentage contribution could be
expected to be significantly greater at the roadside and hence the concentrations
would be greater than those presented in this document.

The roadside air quality generally differs from the general air quality as illustrated by
Air Pollution Index (API) published by the EPD. The roadside API is, in general,
higher than the general API. The main contributing pollutants to high roadside API
- are Respirable Suspended Particulates and Oxides of Nitrogen - pollutants typically
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emitted from diesel vehicles. The roadside air quality is also influenced by
surrounding buildings which form “street canyons” and so limit the dispersion of
pollutants emitted from traffic. In addition, the main emission sources are located
very close to the sensitive receivers (eg pedestrians, street level shops) which further
limits the potential for pollutant dispersion. Nevertheless, the future deterioration of
roadside air quality is not envisaged to be as significant as general air quality due to
limited traffic growth potential in developed urban areas compared to developing
new towns and improved vehicle emissions control standards (eg Euro III). Other
measures such as introduction of LPG taxis and heavier fines on smoky vehicles will
further enhance the roadside air quality.

The most effective way to tackle roadside air quality is to eliminate or reduce the
emission sources. This can be achieved by “zero emissions” vehicles eg electric
vehicles, trolley buses or controlling the number of vehicles using the roads.
Alternatively, in some instances it may be possible to separate the sources from
sensitive receivers by means such as areas restrictions, enclosed pedestrian
walkways. This will not reduce the overall pollutant emissions from traffic but may
provide a partial local relief in heavily polluted areas. Air quality mitigation
measures are further discussed in Chapter § of this report.

Tt is evident that even under a scenario in which stringent vehicle emission standards
are assumed, traffic represents a significant source of pollutants in many areas.
Nevertheless, it is evident that other sources may also be important and it is
acknowledged that these may be located both within and outside the SAR and hence
would require control by the HKSAR Government and north of the boundary.

A detailed analysis of air quality monitoring and meteorological data has indicated
that daily average concentrations of RSP are two to three times greater when the
prevailing winds have a northerly component. Table 5.3z summarises the resuits of
this analysis.

Table 5.3z
Effects of Wind Direction on Ambient Daily Average
Concentrations of RSP (ugm™) at the Sha Tin AQMS

Wind direction Average concentration Standard deviation
Northerly 65 26
North-easterly 58 26
Southeriy/south-westerly 26 7

The relative contribution of vehicle emissions to the ambient levels of pollutants in
the SAR can therefore be expected to decline significantly during the winter
monsoon period and to increase significantly during the summer monsoon period.
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