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Preface

The first Sino-Norwegian collaboration on acid rain in China was established between the Research
Center of Eco-Environmental Sciences and the University of Oslo in 1988, with monitoring activities
in the Guiyang area. In 1997, prior to the IMPACTS-project, severa acid rain experts from Norway
and China visited a range of sites located in the Chinese acid rain control zone. The purpose was to
establish contacts between Norwegian and Chinese experts within the field of acid rain research and
monitoring. China already had a network of air pollution monitoring stations in urban areas, but few
sites in rural and sub-urban areas. The need for such monitoring sites was emphasised. Previous
research in Europe and North-America had shown that rural and sub-urban areas, located far from
emission sources, may receive significant amounts of acidifying compounds due to long range
transport.

The IMPACTS project was launched late 1999 as afive-year collaboration project between China and
Norway. In the IMPACTS project an integrated monitoring program was designed to monitor
meteorology, air quality, the chemistry of precipitation, soil, soil water, surface water, aswell asforest
health and biodiversity of ground vegetation at a limited number of sites. This integrated monitoring
concept alows an assessment of air pollution damage to terrestrial ecosystems in China. IMPACTS
represents a cost-effective way of monitoring integrated parameters observed and measured by
different scientific disciplines at selected sites. The IMPACTS project is funded by the Norwegian
government (30 million NOK, = 30 million RMB) and different Chinese sources (SEPA, local EPBS,
MOST).

The IMPACTS sites are unique in the world with respect to the level of integration of different
scientific disciplines and they have the potential to become China s key sites for monitoring effects of
airborne pollutants on terrestrial ecosystems. We believe that data from the sites will prove to be
extremely valuable for the Chinese authorities in their work for future national and international
emission reduction protacols. In the IMPACTS project, specific field and laboratory manuals for each
location have been prepared, in line with international standards. Manuals in both Chinese and English
are available for field site monitoring, laboratory analysis, forest monitoring and ground vegetation
monitoring. In addition, a chemical laboratory quality control handbook and an integrated electronic
workbook (in Excel) for quality control and monthly data reporting are available. In the present report,
the main focus is on presenting last year's results. For details regarding methods, sampling, sites,
quality control etc., reference is made to the manuals.

The Chinese Research Academy of Environmental Sciences (CRAES) and the Norwegian Institute for
Water Research (NIVA) have had the technical responsibility for the IMPACTS-project. Totaly 13
Chinese and seven Norwegian ingtitutes participate. The project includes five monitoring sites; two
sites in the Guizhou province, and one site in each of the Chongging, Hunan and Guangdong
provinces. The responsibility for the daily management of the sites, including field and laboratory
work, is at the local level in close collaboration with central Chinese institutesin Beijing.

On behalf of the IMPACTS group we want to thank the Norwegian and Chinese governments who
have made this project possible. We sincerely believe that this project is of great benefit to China and
the Chinese environment, as well asit is a positive contribution to the collaboration between the two
countries.

Beijing November, 2004

Tang Dagang Thorjarn Larssen
Chinese Research Academy of Environmental Science Norwegian Institute for Water Research
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Summary

Sulphur deposition is high at al IMPACTS sites and exceeds maximum levels observed in Europe and
North-America. Total sulphur deposition at the IMPACTS sites in 2003 ranged from 1.8 to 16 g Sm™.
The contribution from dry deposition is considerable; the dry deposition is often larger than the wet
deposition. The IMPACTS data, in particular those from the remote Lei Gong Shan site (LGS), clearly
document long-range transport of air pollutants. Due to the actual and expected future energy
consumption and emission strategy in China, the long-range transport of air pollutants may
significantly increase with subsegquent increased environmental damage in rura and remote areas in
China. The deposition monitoring shows increased sulphur wet deposition at al sites from 2002 to
2003, which agrees with the increase reported for sulphur emissions.

In addition to sulphur deposition, depositions of reactive nitrogen (nitrate and ammonia) and calcium
are also dignificant at the IMPACTS sites, which clearly demonstrates that pH alone is not a good
indicator for acid deposition. Total nitrogen deposition in 2003 ranged from 0.6 to 4.4 g N m? The
calcium deposition ranged from 1.8 to 12 g m™.

High concentrations of ground level ozone, above critical levels for vegetation and forest, have been
observed at the Liu Xi He site (LXH) in Guangdong province.

Soil acidification gives rise to high concentrations of toxic aluminium in soil water at several sites. At
the Tie Shan Ping site (TSP) in Chongging aluminium occurs at a level where long-term harmful
effects on trees might be expected. Defoliation and mortality of trees have been severe. Insect attacks
are apparently amajor cause of the forest damage. However, this leaves the possibility of predisposing
effects from air pollution as a key question for further studies. Defoliation has been considerable also
in the Liu Chong Guan site (LGS) in Guiyang, especialy in 2003. The other three catchments had
minor defoliation only. High foliar nitrogen concentrations have been measured in the Cai Jia Tang
site (CJT) in Hunan and in particular at LGS in Guizhou. Although foliar phosphorous concentrations
are not particularly low, the high N values result in low P/N-ratios. Possible effects of air pollution and
soil acidification on forest health remain uncertain, and could include interactions with other stress
factors.

The first reanalyses of ground vegetation in the LCG, TSP, LGS and CJT sites were performed only
two years after establishment analyses. Significant changes in ground vegetation and plant biodiversity
changes were found. The results could not be explained by acid deposition but it was clearly shown
that bryophytes are good indicators of hiotic effects of short term climate fluctuations. Experiences
from other parts of the world show that vascular plants are good indicators for identifying long-term
effects of acid rain and soil acidification. However, data from longer time periods are needed to
identify vegetation changes that may be related to soil acidification or direct effects of air pollutants.

Modelling results suggest that the currently planned 20% reduction in sulphur emissions is far from
sufficient to avoid further soil and water acidification. This was shown for the Tie Shan Ping site in
the 2002 report and calculations for the Lei Gong Shan site presented in this report give the same
conclusion. As more data are generated, dose-response relationships, critical load estimates and model
predictions will obviously be improved.



IMPACTS Annual Report - Results 2003

1. Major findings extended abstract

1.1 General conclusions

Sulphur deposition is high at al IMPACTS sites, which confirms the results from the Chinese national
air quality monitoring program. In contrast to most of the national monitoring sites,located in or near
cities and primarily measuring air pollution from local sources, IMPACTS sites are located away from
citiesin forested areas. The IMPACTS data clearly show long-range transport of air pollutants. Thisis
well documented by the relatively high deposition of sulphur even at the remote LGS site. Because the
relationship between emissions and the deposition of air pollutants is not necessarily linear, it is
important to have a network of stations both in urban and rural areas to revea if reductions in
emissions cause egual reduction in deposition. Furthermore, since dry deposition of air pollutants is of
significant importance, both dry and wet deposition have to be estimated in order to assess the total
deposition of pollutants. Dry deposition may be estimated indirectly by throughfall measurements.

Impacts from acid deposition are only partly caused by sulphuric acid (H,SO,). Also nitric acid (HNOs)
is important and will likely be even more important in the coming years. Deposition of calcium and
ammonia (NH;) are also of great importance, since these compounds may neutralise the acids in
precipitation. Even though ammonia neutralises acidity in precipitation, the resulting ammonium
(NH,") contributes to acidification of soil- and surface water through chemical processes in the soil.
This clearly demonstrates that pH alone is not a good indicator for acid rain, particularly in areas with
high deposition rates of ammonia. This should be considered when deciding the target area for acid
rain control. Furthermore, emission and deposition of sulphur, nitrogen and calcium should all be
included and integrated in future plans for acid deposition abatement. Since ammonium and nitrate are
aso important for eutrophication of terrestrial and aguatic ecosystems, monitoring of these compounds
and their environmental effects will serve more purposes than acidification only.

Atmospheric sulphur is mainly derived from combustion of fossil fuels, primarily coa. Ammonia
primarily derives from agricultural activities (life stock and fertilised cropland, e.g. paddy fields),
whereas nitrate primarily derives from combustion for example in power plants, vehicles and ships.
Sources of Carrich particles are both natural (deserts) and man-made (combustion, construction, land
use).

Ozone (O3) may contribute to forest and vegetation damage as well as reduced crop production. The
O; levelsin Liu Xi He indicate exceedance of critical levels for crops and forests in this area. So far,
no exceedance has been documented at the other sites. Since nitrogen oxides contribute to formation
of ozone, and nitrogen oxide emissions are expected to increase in the future, O; concentrations are
likely to increase in large areas of China. Thus monitoring of Os; deserves particular attention.

At Tie Shan Ping, the defoliation of dominant Masson pine (Pinus massoniana) has been considerable
(40-50%) during the four years of monitoring (2000-2003), accompanied by high mortality among
defoliated trees in 2001. At Liu Chong Guan, the defoliation of dominant Masson pine (Pinus
massoniana) has increased during the four monitoring years (2000-2003) with an especialy large
increase in 2003. Analyses of foliar chemistry do not show clear deficiencies for the studied nutrients,
however, some imbalances are found, and these need to be followed up. The causes of defoliation,
mortality and nutrient imbalances are uncertain. Insects and summer drought are candidates to explain
variations in tree health/defoliation. Acidification of soil mobilises toxic aluminium, with possible
harmful effects on trees. Calcium and magnesium are believed to play an important role in modifying
auminium toxicity. The high molar ratio between aluminium and (calcium + magnesium), and the
relatively high aluminium concentration in soil water in Tie Shan Ping may therefore have weakened
the forest health, athough insect attacks were found to be the direct cause. The aluminium/(calcium +
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magnesium) ratios are also high in some soil horizons in Liu Xi He, indicating possible negative
effects on trees.

Investigations of the ground vegetation recorded 147 species at Tie Shan Ping, 171 species at Liu
Chong Guan, 285 species at Lei Gong Shan, 127 species at Cai Jia Tang, and 154 species at Liu Xi He
(first year data only). Reanalyses after two years of ground vegetation monitoring revealed changesin
plant biodiversity, single species abundances, and species composition. The number of bryophytes
(mosses) decreased in LCG and TSP and increased in LGS and CJT. The decrease in bryophyte
numbers in LCG and TSP were probably due to much drier weather conditions in the reanalysis year
(2002) compared to the first year (2000). The increase in bryophyte numbers in LGS and CJT were
probably due to more moist weather conditions during the reanalyses year (2003) compared to the first
year (2001). These results were in agreement with the results from the Norwegian ground vegetation
monitoring that bryophytes are good indicators of bictic effects of climatic fluctuations. Experiences
from other parts of the world show that vascular plants are good indicators for identifying long-term
effects of acid rain and soil acidification, but data from longer time periods are needed to identify
vegetation changes that may be related to soil acidification or direct effects of air pollutants.

Possible effects of future atmpospheric deposition have been modelled for TSP, LGS and CJT using
various deposition scenarios. One deposition scenario included a 20% reduction in SO, emissions
which is the target in the 10" 5-year plan. Although the modelling exercises illustrated that the soil
processes are not fully understood, the results strongly suggested that considerably greater reductions
in SO, emissions are needed in order to avoid negative effects due to acidification at TSP and LGS,
whereas a 20% reduction may be sufficient to achieve stabilization in soil base cation status at the
selected plot for CJT.

1.2 Overall results per site

Tie Shan Ping (TSP)

High mountains surround Chongging City, which causes poor air circulation and thus high
accumulation of air pollutants. Accordingly the Tie Shan Ping site, located in the hills about 25 km
northeast of the city, receives high deposition of sulphur, calcium and reactive nitrogen. The
deposition is the highest among the monitoring sites. Sulphate is the dominant anion and calcium the
dominant cation in precipitation, soil water and surface water. The high deposition of ammonium is
partly assimilated by the vegetation and partly nitrified in the soil to nitric acid. Soil acidification,
resulting from sulphuric and nitric acid, causes elevated concentrations of aluminium in soil water.
The surface water is acidified (pH < 5.0). Reduced forest health is documented.

Liu Chong Guan (LCG)

Mountains surrounding Guiyang City cause poor air circulation and high accumulation of air
pollutants. The catchment is a suburban site located close to large emission sources resulting in high
deposition of sulphur as well as akaline dust. By contrast to the Tie Shan Ping and Cai Jia Tang sites
the deposition of nitrogen is rather low. Sulphate and calcium dominate precipitation, soil water and
surface water. Due to low deposition rate the concentration of nitrate is low in soil and surface water.
The surface water is acidified (pH < 5.0). Reanalyses of vegetation document significant changes
which are likely to be caused by short-term variation in climate annual variations in precipitation.

Lei Gong Shan (LGYS)

Thisis aremote site with no large, local emission sources. However, the relatively high wet deposition
of sulphur and nitrogen illustrates the importance of long range transported air pollutants. As yet, the
catchment is not significantly acidified, even though the low conductivity in surface water indicates an
arearelatively sensitive to acidification. So far, neither significant acidification of surface water (pH >
6.0) nor effects on forest health have been observed.

10
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Cai JiaTang (CJT)

The site has relatively high deposition of both sulphur and nitrogen, but also high inputs of alkaline
dust. Since the base saturation in the soil is relatively high, water acidification is not to be expected.
However, high acid loading and intensive leaching of bases may cause acidification of the surface soil
in the medium-long term. Calcium and sulphate predominate in soil water and surface water. The
deposited nitrogen is largely assimilated by the vegetation and net nitrification to nitric acid is modest.
Neither significant acidification of surface water (pH > 6.0) nor effects on forest health have been
observed.

Liu Xi He (LXH)

The site receives medium deposition of nitrogen and sulphur, and relatively low inputs of alkaline dust
compared with the other sites. Since Liu Xi He is located relatively close to the sea, the catchment
receives much more sodium and chloride from marine aerosols than the other sites. Despite relatively
low acid load, the ratio of aluminium to (calcium + magnesium) in the soil is high. The low ionic
strength of surface water indicates that the catchment is sensitive to acidification, even though no
strong indications of acidification are documented at present. The ground-level ozone concentrations
measured are relatively high, but so far no effects on forest health have been observed.

Table 1. Total deposition of sulphur (S), nitrogen (N) and calcium (Ca) at the IMPACTS monitoring
sitesin 2003. All valuesin gram per square meter (g m?)

S N Ca
Tie Shan Ping (TSP), Chongging 16 4.1 12
Liu Chong Guan (LCG), Guizhou 4.2 0.6 3.3
Lei Gong Shan (LGS), Guizhou 18 11 18
Cai JaTang (CJT), Hunan 7.9 4.4 7.6
Liu Xi He (LXH), Guangdong 45 13 2.2

11
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2. Introduction

2.1 Background

Without countermeasures economic growth is generally accompanied by increasing environmental
problems. One major cause is the close link between economic growth and energy consumption. In
China, coal accounts for about 70% of the commercial energy production, and it islikely that coal will
be the mgjor energy carrier also in the coming decades. This leads to large emissions of SO,, the most
important precursor of acid rain. Economic growth also leads to increasing numbers of vehicles
emitting large amounts of nitrogen oxides (NOXx), another important precursor of acid rain.

Acid rain was recognised as a potential environmental problem in China in the late 1970s. In 1998,
SEPA estimated that ~ 800 000 km™, or 8.4 percent of the country was affected by acid rain. The
economic loss due to negative effects of acid rain on human health, crops and trees were estimated at
13.25 billion US$. Although such estimates are highly uncertain, it is beyond doubt that China is
facing major problems due to acidification, of an equal or maybe larger magnitude as compared to
those experienced in Europe and North America.

Due to the large negative effects of air pollution in urban environments, China has primarily focused
on improving air quality in these areas. The main strategy has been to remove emissions in the cities.
As more emissions sources are moved to sub-urban areas, and as most air pollutants have the potentia
to be transported far away from the emission sources, negative effects of air pollution will be
increasingly seen in suburban and rural areas,. This means increasing impacts of acid deposition on
natural ecosystems. The main objective of the IMPACTS project is to establish integrated monitoring
sites in sub-urban and rurd terrestrial Chinese ecosystems to study effects on air pollution on forest,
vegetation, soil, soil water and surface water.

In the process of formulating a Chinese policy on acid rain, the Chinese authorities have been drawing
on the lessons learned in dealing with acid rain problems in Europe, in particular the experiences from
establishing The Convention on Long-range Transboundary Air Pollution under UN-ECE in 1979.
This agreement was reached after scientists undisputedly were able to demonstrate the link between
sulphur emissions in continental Europe and the acidification of Scandinavian lakes. Studies
confirmed that air pollutants could travel many hundred kilometres before deposition and damage
occurred. This implies that co-operation at international level is necessary to solve problems such as
acidification.

Chinese research projects and government studies have provided much information needed for
implementing adequate control measures. However, there are still large gaps in the scientific
knowledge about air pollution effects in China, particularly regarding quantification of effects. In
order to provide a sound scientific basis for cost-effective control measures to reduce emissions of
acidifying substances, SEPA has found it beneficia to exploit foreign experience and expertise,
methodologies and "state of the art" equipment. Since Norway has considerable experience and
competence in acid rain research, and Norwegian research institutions play key roles in European co-
operation on acid rain, Norway was the first country China asked to support its work on acid rain. The
Sino-Norwegian IMPACTS project is a direct consequence of this initiative, and a cornerstone in
China sinternational co-operation on acidification.

2.2 The monitoring program

The monitoring program is established in accordance with international standards at five sitesin four
provinces. Detailed manuals for the monitoring activities have been written and are available in

12
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Chinese and English. For details on site descriptions and sampling methodologies the reader is
referred to these publications. The monitoring at the sites is highly integrated, including monitoring of
air quality, meteorology, deposition, soil, soil solution, surface water, forest health and biodiversity of
ground vegetation.

Datafrom all parts of the monitoring program are reported here. Data are reported using abbreviations

for the different samples collected:

e Air concentrations. SO,, NO,, Os, composition of particles, nitric acid + nitrate in particles

e Main meteorol ogy

e Deposition: wet only (WO), bulk (BD), throughfall collected below the tree canopy (CTF) and
below the ground vegetation (FTF).

e Soil solution chemistry from several depths in the soils (L0O-L4, increasing number at increasing

soil depth).

Soil temperature and moisture

Water chemistry and discharge

Litterfall amount and chemistry

Needle chemistry

Tree growth and vitality parameters

Ground vegetation

2.3 Theintercomparison programs

An important task of the IMPACTS project is the establishment of high quality laboratories, focusing
on laboratory capacity, instrument quality, analytica methods and quality assurance. Consequently,
the laboratories participate in both internal and international intercomparison networks for surface
water (ICP-Waters) and precipitation (EMEP). In addition the laboratory used for soil analysis is
involved in intercomparison tests with other laboratories.

2.4 Description of the monitoring sites

The monitoring sites are located in South and Southwest China (Figure 1) and belong to the defined
acid rain control zone. The area has a monsoona climate with dry winters and wet summers.
Prevailing wind direction is from the northeast in the winter and from the southwest in the summer.
Relative air humidity varies around 80%.

At all sites, except Liu Xi He, the parent material of the soil is sedimentary bedrock, such as sandstone
and shale. At Liu Xi He granite predominates. In the regions with sedimentary bedrock, the geology is
highly inhomogeneous with limestone in the vicinity of the watersheds.

Two soil types predominate, i.e. yellow soil and red soil according to the Chinese classification system.
These soil types are similar to Haplic Alisol and Acrisol according to the FAO (Food and Agriculture
Organisation of the United Nations) classification system. These soils are representative for this part
of Chinaand probably sensitive to acidification (Table 2).

All sites are forested and practically undisturbed by present land-use activities. The forests are mixed
deciduous and coniferous forests dominated by Masson pine (Pinus massoniana) and Chinese fir
(Cunninghamia lanceolata). Much of the forests were planted in the 1960s after intensive logging
during "the Great Leap Forward" (1958-1962).

13
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Sulphur dioxide (SO,) and sulphuric acid (H,SO,) are important compounds in dry and wet deposition,
while nitrogen oxides (NO,) and nitric acid (HNO;) are of increasing importance (Table 2) The
deposition a so contains significant amounts of ammonium (NH,) calcium (Ca) and magnesium (Mg).

TSP,
ChongQing
L

CJT, Hunan'
R )

L

LXH,
LGS GuangDong
SN G izhou AR

Figure 1. Location of the IMPACTS monitoring sites.

2.4.1 Tie Shan Ping

Tie Shan Ping (TSP) is located in the Sichuan basin about 25 km north-east from the centre of
Chongaing City (104°41'E, 29°38'N, Figure 1). The TSP catchment (Appendix C) is part of a nationa
protected forest area. The catchment area is about 16 ha and the elevation ranges from 450 to 500 m
asl. TSP has a subtropical, humid climate with little frost and snow, but much fog al year round.
Annual mean temperature and precipitation (1971 — 2000) at Sha Ping Ba outside of Chongqing is
18.2°C and 1105 mm, respectively.

2.4.2 Liu Chong Guan

Liu Chong Guan (LCG) is located in Guizhou province (106°43°E, 26°38°N) about 10 km north-east
of Guiyang City (Figure 1). The LCG catchment (Appendix C) is part of a protected area in a
botanical garden. The catchment (Appendix C) is about 7 ha and the elevation ranges from 1320 to
1400 m asl. Annual mean temperature and precipitation (1971 — 2000) in Guiyang is 15.3°C and
1118 mm, respectively. The city has an average of 220 cloudy days per year (Zhao et a., 1988).

Table 2. Catchment area, annual amount of precipitation, estimated total deposition of sulphur (S),
nitrogen (N) and calcium (Ca), and pH, base saturation (BS) and carbon/nitrogen ratio (C/N) in soils at

14
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the five catchmentsin 2003, i.e. Tie Shan Ping (TSP), Liu Chong Guan (LCG), Lei Gong Shan (LGS),
Cai JaTang (CJT) and Liu Xi He (LXH).

Site  Area Total deposition® Soil quality
amount S N Ca Bedrock Hor-  Soil - go o
izon pH
ha mm gm?yrt %
, A 35 26 20
TSP 16.3 1168 16.0 4.1 12 Sandstone
B 3.8 9 12
, , A 36 33 19
LCG 6.8 621 4.2 0.6 33 Sandstone
B 4.0 14 16
, . A 39 46 15
LGS 6.0 1367 1.8 1.1 1.8 Shale
B 4.3 31 11
, A 38 38 18
CcJr 4.2 1196 7.9 4.4 7.6 Sandstone/ shale
B 4.0 16 12
, _ A 40 17 21
LXH 261 1620 45 13 2.2 Granite

B 4.1 9 16

* Total deposition flux is based on forest floor throughfall (FTF) measurements. In cases where FTF deposition was smaller than the wet
deposition, wet deposition is given aas the estimate for total deposition (marked as?).

2 Bulk precipitation

3 Wet only precipitation

“ Based on wet deposition

2.4.3 Le Gong Shan

Lei Gong Shan (LGS) islocated in Guizhou province (108°11'E, 26°22'N), outside Lei Shan, a small
mountain village 40 km south-east of Kaili City and 140 km east of Guiyang (Figure 1). The
catchment (Appendix C) is part of a nationally protected mountain area with little human activity. The
catchment area is about 6 ha and the devation ranges from 1630 m to 1735 m a.s.l. Annua mean
(1971 — 2000) temperature and precipitation at Kaili are 15.7°C and 1225 mm, respectively. However,
note that Kaili is at a considerably lower altitude than the catchment at Lei Gong Shan. Fog is
common, e.g. 315 foggy days were recorded in 1987. Only two mountain areas in China have more
fog than Lei Gong Shan.

2.4.4 Cai JiaTang

Cai Jia Tang (CJT) is located in Hunan province (112° 26'E, 27° 55'N). The catchment is on the
southern side of the Cai Jia Tang mountain (Figure 1), 10 km west of the small city Shaoshan, the
birthplace of Mao Zedong, 130 km south-west of Changsha City. The catchment area (Appendix C) is
about 4.2 ha and the elevation of the site is from 450 to 500 m a.s.l. Annual mean temperature and
precipitation (1987 — 2000) at ZhuzZhou, closeto the site, are 17.5°C and 1524 mm, respectively.

245 Liu Xi He

Liu Xi He (LXH) is located in Guangdong province (133°35'E, 23°33'N), 67 km north-east of
Conghua City (Figure 1). LXH has a broad leaf evergreen forest. The catchment area (Appendix C) is
about 261 ha and the elevation is about 500 m a.s.l. Annual mean temperature and precipitation (1987
— 2000) in Guangzhou, are 22.0°C and 1736 mm, respectively. The LXH site is a sub-catchment to a
large drinking water reservoir, supplying Guangzhou with tap water. Both the bedrock (igneous
plutonic granite) and the composition of soil are quite different from the other sites.
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3. Results

3.1 Air concentrations

3.1.1 Main inorganic components

The annual average concentrations of the main components in air and aerosols are summarised in
Table 3. The concentration levels are very different between the sites. The highest concentration of
SO, is found in LCG, with an annual average of 42.7 ug S m?in 2003. LCG is located close to the
severely polluted city of Guiyang. TSP, which isinfluenced by the emissions in Chongging, also has a
relatively high concentration of SO,, 20.9 ug S m™ in 2003. The lowest concentrations are found in
LGS (only 0.55 ug S m® in 2003), which is the most remote site. The concentrations at LGS are
comparable to background sites in Europe in contrast to the other 4 IMPACTS sites that have a much
higher pollution level. At the sites with intensive measurements (TSP, CJT and LGS), the main
component in airborne particles is (NH4),SO,, but in TSP and CJT CaSO;, is adso a considerable
contributor. NH4NO; is contribution as well in CJT and TSP but of less significance. Reduced nitrogen
has a considerable higher concentration level than oxidised nitrogen; agricultural activity is clearly an
important source.

The monthly average concentrations of the main species in air and aerosols are presented in Figure 2.
At CJT the concentration varies with elevated concentrations during winter, but also some high
episodes during summer, i.e. in July 2002. At LCG there was a clear seasonal variation with highest
concentrations during the winter. In LXH there is seasonal variation with a tendency to with highest
concentrations in winter, but also here high episodes of SO, were observed during summer as well.
The same is true for TSP, the high episodes during summer can partly be explained by the dominant
wind direction in this period, as the site is downwind from Chongging in summer. At LGS there are
some episodes but no clear tendency. The concentrations of gaseous nitric acid and ammonia, and of
nitrate and ammonium in aerosol particles are determined by “filter-pack” sampling. This method
makes separation of inorganic nitrogen species in gas and particles unreliable due to the volatile nature
of ammonium nitrate. Therefore only the sums of nitric acid and nitrate, and of ammonium and
ammonia are unbiased. However, since most of the ammonium is bound to sulphate this bias is
probably quite small. It is obvious that both gaseous and particulate nitrogen are important in the total
nitrogen deposition, Figure 2.

Table 3. Annual average air and aerosol concentrations

Air Aerosol air + aerosol
Site Year NO, SO, SO, Cl Na K Ca Mg |sumNO3 sumNH4
pg-N/m® ug-s/m®|ug-s/m®  pg/m®  pg/m®  pg/m® pg/m® ug/m® | pg-N/m® pg-N/m?®
TSP 2001* 3.65 16.98 5.59 0.71 0.49 1.50 3.73 0.52 1.65 5.33
2002 5.62 18.38 7.24 0.84 0.41 2.69 3.80 0.53 2.05 7.80
2003 5.37 20.16 7.92 0.93 0.95 3.08 3.63 0.33 2.27 7.00
LCG 2002 1.8 37.2 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2003 - 42.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
LGS 2002* 0.58 2.59 1.30 1.10 0.08 0.20 0.25 0.04 0.16 1.71
2003 - 0.55 1.43 0.52 0.05 0.17 0.25 0.03 0.11 1.16
CJr 2001* 2.49 9.55 6.12 0.39 0.52 1.92 2.22 0.29 1.82 5.19
2002 2.02 9.37 7.48 0.49 0.59 2.47 2.58 0.31 1.75 5.67
2003 2.39 10.77 5.46 0.29 0.31 1.67 1.67 0.15 1.81 5.94
LXH 2002 53 6.4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2003 4.3 6.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

*2001, TSP Nov and december missing. CJT, measuremnts from 20th of march. 2002 LGS jan-march is missing,
n.d. means not determined, - means too low data capture
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Figure 2. Monthly average air and aerosol concentrations at TSP, CJT and LGS, - sulphur dioxide and
particul ate sulphate and calcium (left) and sum of nitrate (nitric acid + nitrate in particles) and sum of
ammonium (ammonia + ammonium) (right). The distribution between gas and particulate phase is
shown in the boxes inside the nitrogen figures.

3.1.2 Ozone

High concentrations of ozone have adverse environmenta effects such as impacts on human hesalth,
agricultural crops, forest and material. International organisations and authorities have therefore
formulated critical levels of ozone. The critical levels defined by UN-ECE for protection of vegetation
are 150 ug/m® for hourly mean, 60 pug/m?® for 8 hours mean and 50 pug/m?® for 7 hours averaged over
the growing season (April to September). The critical level formulated by WHO for protection on
health is 120 ug/m® for hourly mean. Under the Convention of LRTAP it is also recommended to use
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critical levels for ozone exposure based on accumulated exposure in ppb hours over a concentration
threshold during the growing season®, AOT40 (1 ppb = 2 ug/m?). For agricultural crops the critical
levels set at 3000 ppb.h. calculated for daylight values for a three months period, May to July. The
critical levels for forest is 10000 ppb.h calculated for daylight hours during a six months period from
April to September.

The ozone concentrations were determined with a UV-fluorescence at al sites. In CJT there were
technical problems and the measurements up to the end of 2003 are therefore not reported. The data
capture at LCG and LGS were too small to calculate reliable averages and exposure estimates. Missing
data in the measurements series may be critical, especialy in summer. In calculating AOT40 a 85%
data capture is required. The data capture in LXH is below 50% and it is therefore difficult to give
reliable exposure estimates. However, the results indicate that the ozone level in LXH is significant.

In Figure 3, one can see a clear diurna variation in TSP and LXH showing maximum in the afternoon
and lowest values early morning. This is a common observation due to enhanced photochemical
reactions during daytime. The seasonal variation of the ozone concentrations indicate a maximum in
the summer (Figure 4). The concentration level in LXH is very high. However, the data capture is not
very high at LXH and TSP making it difficult to get a consistent data series; to calculate monthly
averages a data capture of at least 30% has been set.

120

— TSP 2003 ——

TSP 2002 PN
il - P ~
100 - - TSP 2001 pod T
— —LXH 2002 7 "::\ -
801  — —LXH 2003 v SO,
Ve

ug/m®

0 T T T T

0 5 10 15 20 25
hour

Figure 3. Diurnal variation for ozone concentration, averaged from April to September.

In Table 4 there is a summary of the data averages and exposure values from 2001 to 2003 given for
TSP and partly for LXH; no calculations of AOT40 are done for LXH due to low data capture. At TSP
the AOT levels are not exceeded, but there are afew days above 120 ug/ m°. At LXH on the other hand,
measurements indicate that the critical levels for vegetation and forest are exceeded.

1 AOT40: The sum of the differences between hourly ozone concentration and 40 ppb for each hour when the
concentration exceeds 40 ppb during a relevant growing season.

18



IMPACTS Annual Report - Results 2003

180
160 - —e— TSP
140 A —— LXH
120 -
100 -
80 -
60
07/ e ’/\\‘/‘_‘\AC
20 A

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Oct Nov

ug/m3

Figure 4. Monthly average concentrations of ozonein TSP and LXH in 2003, ug/m®

Table 4. Ozone annual average, AOT40, number of hours and days exceeding 120 and 150 pg/m®, and
maxi mum concentrations.

Data * Total nr of 3a 3a
average capture AOTA40 corr, ppb.h data >120ug/m >150ug/m Max

pg/m® | per cent M:ZE;O Aggo hours | days | hours |days| hours | days |ug/m®| date
LXH 2002 92.3 52 * * 4524 | 213 | 1371 |108| 485 | 60 345 | 27.11
LXH 2003 77.1 -
TSP 2001 40.6 71 1351 2401 6227 | 273 40 12 4 4 163 | 10.8
TSP 2002 40.9 83 1693 3420 7230 | 325 49 19 9 5 172 | 5.8
TSP 2003 35.7 78 672 1318 6861 | 300 5 3 0 0 137 | 255

#Running 8 hours mean
* Corrected for data capture. The data captureistoo low to give reliable exposure estimates

3.2 Deposition
3.2.1 Wet deposition

At all sites the predominant ions in precipitation are SO, Ca®* and NH,". As for the air
concentrations, the highest concentrations in precipitation are seen in LCG and TSP. The wet
depositions of sulphur at these two sites in 2003 were 2.5 and 3.4 g/m” at LCG and TSP respectively.
The lowest depositions are observed in LXH and LGS with 2.1 and 1.6 g&/m? in the same year. The
ammonium-N concentration is about twice as high asfor nitrate-N at all sites. The total nitrogen in wet
deposition is highest at CJT with 2.9 gN/m? and lowest at LCG with 0.6 gN/m? in 2003.
Concentrations of al ionsin precipitation for 2001, 2002 and 2003 can be found in Appendix B.

At LCG, TSP and LGS there are parallel deposition measurements using bulk and wet-only collectors.
These should show comparable volumes, but the wet-only collector might underestimate the volume if
it does not open immediately at the start of arain event. This may happen e.g. after lightening, which
causes atemporal shut down of the electricity at the site. At LGS and LCG there is alarge difference
between the two collectors in 2002 and 2003. Even though the bulk collector may collect the correct
volume, it may overestimate the wet deposition of pollutants. Thisis because it may collect significant
amounts of dry deposition (gases and particles) depending on the pollution level and sampling
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frequency,. Wet deposition has therefore been calculated using the precipitation amount from the bulk
collector and the volume weighted averages from the wet-only collector.

Table 5. Annual wet deposition for sulphate, nitrate, ammonium and calcium, gm2yr™

mm SO,-S Ca NH,-N NO;-N
TSP 2003 1168 34 1.4 1.2 0.6
2002 1558 39 1.3 1.6 0.7
2001 959 31 11 12 0.5
LCG 2003 621 25 19 0.4 0.2
2002 1080 35 2.8 0.8 0.3
20012 | 407 12 0.9 0.3 0.1
LGS 2003 1367 1.6 0.7 0.6 0.5
2002 2208 15 4.0° 0.9 0.4
2001°¢ | 1271 11 5.3 0.3 0.1
CJT 2003 1196 3.0 0.8 1.8 0.9
2002 1611 2.6 1.3 1.3 0.7
2001¢ 047 1.9 1.3 1.1 0.4
LXH 2003 1620 2.6 2.2 0.7 0.3
2002 1253 12 15 0.4 0.5

3 The precipitation in LCG in 2001 does not include December.

® The Ca deposition at LGS was probably overestimated in 2001 and 2002 due to analytical problems.

9 The precipitation in LGS in 2001 does not include January and December.

9 The precipitation amount at CJT in 2001 is underestimated because of overflow in the precipitation sampler

3.2.2 Total deposition

Total deposition of, S, N and Cain 2001, 2002 and 2003 are presented in Figure 5, based on ground
vegetation throughfall measurements (FTF). In 2003 the total deposition of sulphate ranges from 1.8 to
16 g S m™? (or 115 to 1000 meq m™).

Total deposition is highly influenced by the dry deposition. Sulphate is enriched by a factor 4 at TSP
while the total deposition is twice the wet deposition for the other sites (except LGS site). Cais highly
enriched in throughfall, e.g. at TSP where throughfall deposition is 8 times higher than wet deposition.
Dry deposition of calcium-rich particles is very important for the total deposition. Nitrogen is about
twice as high in the throughfall compared to the wet deposition, which means that the dry deposition is
of the same magnitude as the wet deposition. This might be an underestimation because of the
potential uptake of nitrogen in the tree crowns.

The total deposition of air pollutants consists of both wet- and dry depositions. Estimating the dry
deposition is difficult. One approach is to use the gas- and aerosol concentrations and an estimated dry
deposition velocity. However, this approach is uncertain because the magnitude of the dry deposition
velocities for the different catchments is not known. There are only few studies of this and the
deposition velocities used in the literature are probably not representative for Chinese forests. A more
direct approach is to use the throughfall measurements. Gases and particles may deposit on the
vegetation and this may be washed off by precipitation and collected by the throughfal collector.
However, there is some uncertainty with this method as well because of the interaction with the
canopy. The canopy may absorb some of the gases or particles, e.g. nitrogen, but it may also leach
some elements, e.g. potassium (K). Sulphate and calcium are considered conservative i.e. having little
interaction with the canopy, and throughfall probably gives a good estimate of the total deposition. In
IMPACTS we have used two types of throughfall collectors, canopy throughfall (CTF) and ground
vegetation throughfall (FTF) collectors. CTF is commonly used and is recommended for estimating
the total deposition. As for CTF, FTF is affected by interactions with the tree canopy, but in addition
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FTF is aso affected by interactions with the ground vegetation. Therefore FTF usually has somewhat
higher pollutant concentrations than CTF. The ground vegetation in the catchments is quite significant
and dry deposition on this vegetation may contribute significantly to the total deposition. Also because
measurement of CTF are lacking for some sites in 2001, we have chosen to use FTF fluxes as an
estimate of the total deposition of S, N and Ca.
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Figure 5. Wet- and total deposition of SO,%, NH,", NOs and Ca’ in 2002 and 2003, meg®yr™. For
LGS the wet Ca deposition is probably overestimsated for 2001 and 2002. For nitrogen, wet
deposition is used for total deposition at LCG and LGS since wet deposition of nitrogen was higher
than throughfall deposition at these sites.

21



IMPACTS Annual Report - Results 2003

3.3 Soils, soil water and str eamwater

Deposition of SO, and NOs is accompanied by Ca and NHj,, as shown in the previous paragraph. This
indicates that most of the potential acidity associated with SO, and NO; is already neutralised by
atmospheric Ca particles and NH; before precipitation infiltrates into the soil. Consequently, the total
input of free H* is moderate (TSP) to very low (all other sites). It should be stressed that this does not
imply that there is no acidification of soils or water in the catchments. On the contrary, ammonium
(NH4") will produce acidity in the soil when taken up by vegetation or through nitrification. The
acidifying effect depends on the degree of leaching of the anions SO, and NO; to the streamwater and
to what extent the anions are followed by base cations (e.g. Ca, Mg) or acid cations (e.g. H", Al). An
important conclusion that may be drawn at this point is that pH of rain water is a poor indicator for the
acidification potential of atmospheric deposition in the catchment.

After deposition the chemical composition of water that is moving through the catchment is strongly
modified by biogeochemical processes in the soils. The most prominent of these processes are
immobilisation of sulphate (SO,), calcium (Ca) and nitrogen (N). For the catchment as a whole, the net
result of these processes is acid neutralization, creating nearly neutral stream water (pH 6.5 to 7) at
three of the sites (LGS, CJT and LXH; Figure 6). Although the same processes are present at TSP and
LCG, net neutraisation of the moving water is less pronounced here and stream water is acidic,
reaching median pH values of 4.7 and 4.3 in 2003, respectively.

It is important to note that a considerable proportion of the net-sorption of SO, NO; and Ca occursin
the sub-soils, i.e. below the deepest lysimeters. Probably, the different sensitivity of surface waters for
acidification (Figure 6) is related to the character of the geologic substrate. Sedimentary bedrock like
sandstone, shale and limestone may neutralise acid water draining from the acidic surface soils.

When considering the upper 50 cm of the soils (the root zone), a pronounced local acidification is
observed at some of the sites. Further acidification of the soils results in mobilisation of potentially
phyto-toxic aluminium (Al) at all IMPACTS sites, except LGS. Concentrations of Al in soil water at
TSP are high compared to values reported for Europe and North-America, with median values ranging
from 140 to 908 umol/L in 2003. Also LCG (median concentration up to 160 umol/L in 2002) and
CJT (median concentration up to 140 umol/L in 2003) have high Al concentrations. At the remote
LGS site, where soil pH is higher, the concentration of Al in soil solutionislow.

Elevated concentrations of Al are believed to cause root damage and reduced uptake of important
nutrient cations like magnesium (Mg) in trees. Because of its potential negative effect on tree growth
and tree health the Al concentration in the upper soil layers is generally used in critica load
calculations. It has been suggested that Ca and Mg, two dominant cations in soil water, mitigate the
toxic effects of Al. Therefore the molar ratio of Al to the sum of Caand Mg in soil water is commonly
used as an indicator for potential damage to trees due to acidification. A molar Ali/(Cat+Mg) ratio of 1
is generally assumed to be acritical limit in critical load calculations in Europe. The relevance of this
ratio in Chinais uncertain and further research on thisis required. For most samples the Ali/(Ca+Mg)
ratios are below 1 (Figure 7). The highest values are commonly observed at TSP and LXH, which are
the sites with the lowest base saturation (Figure 8).

Compared to soil water, stream water has low concentrations of NOs. Some NO; removal may be due
to denitrification, a process that produces N,O, a potent greenhouse gas. Current concentrations of
NO; in soil water at TSP and CJT (90-percentile values up to 1500 pmol/L or 21 mg NOs-N/L in 2003)
are high, but till below internationally accepted maximum levels for NOs in drinking water (1800
umol/L or 25 mg NOz-N/L; Figure 9 to Figure 13).
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Figure 6. Acid neutralizing capacity (ANC) and pH in stream water from the five sites. Vaues shown
are annual averages for 2003.
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Figure 7. Median (+), quartiles (boxes) and 10/90 percentiles for the molar ratio of inorganic Al (Ali)
to Ca and Mg (Ali/(CatMg) ) in sail solution from different soil horizons at each site. This ratio is
often used in critical load calculations as indicator for potential negative effects on forest.
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the upper and lower lines the 10 and 90%-iles and the middle cross the median values.

The major characteristics of soils, soil water and stream water are briefly discussed for each site. Sail
dataarereported in Appendix B.

3.3.1 Tie Shan Ping

Soils are silty loam to loam with a bulk density increasing from 1.25 kg dm™ in the A-horizon to 1.34
kg dm™® in the B-horizon. Water retention characteristics are similar for the A and B-horizon and
typical for clay rich soils. Water contents in the A-horizon decrease from 36% at field capacity to 22%
at wilting point. Residues of primary minerals include quarts and K-feldspar. Secondary minerals are
dominated by kaolinite, but small amounts of smectite and illite are also present. The soil pH (pH20)
is the lowest among the studied sites (Figure 9). The base saturation (BS; Figure 8) is above 20% in
the A-horizon and below 20% in the B-horizons (L3). The B horizon has the highest amounts of
adsorbed SO, among the studied sites. At the pH values observed kaolinite may have a net positive
charge, thus contributing to adsorption sites for SO, and to the net anion exchange capacity.

Throughfall water, soil water and stream water at TSP (Figure 9) have alow pH (<4.7). The dominant
anions are SO, and NOsz. The major cations in the different compartments are NH,;, Ca and Al.
Calcium is the dominant cation in throughfall and the upper soil horizons. In deposition NH, is an
important cation, but due to nitrification and uptake its concentration decreases strongly in the A-
horizon. Ammonium is neither found in mineral soil horizons (L1— 4), nor in stream water. In deeper
soil layers Al becomes important.
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A low Acid Neutralising Capacity (ANC) decreases from — 156 peq L™ in wet only precipitation (WO)
to -788 peg L™ in the B horizon (L2), despite the high deposition of alkaline dust. The decrease in
ANC (which is the same as an increase in acidity) is due to the elevated dry deposition of S- and N-

compounds. In the L3 and L4 layers the ANC stays low (-1217 and -1347 peq L™, respectively). In

stream water the ANC is -73 peq L™, implying partial neutralisation of the water in deeper soil

horizons, dueto arelatively important immobilisation of SO, and uptake of NOa.
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Figure 9. Concentrations of selected ions in throughfall, soil water and stream water at Tie Shan Ping
in different compartments of the catchment. Values are volume-weighted averages (FTF) and medians
(L1, L3 and SW), respectively of al samples for 2003.
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Figure 10. Concentrations of selected ions in throughfall, soil water and stream water at Liu Chong
Guan in different compartments in the catchment. Values are volume weighted averages (FTF) and
medians (L1, L3 and SW), respectively for 2003.

3.3.2Liu Chong Guan

Soils are clay loams, but there is some variability at the site, with deeper organic rich profiles east of
the dam. Probably, the enrichment with organic matter is a result of erosion higher up on the hillslopes.
The catchment has buried soils in severa places. The mineralogy in the catchment is rather
homogenous, dominated by quartz and kaolinite. Soils are acidic (pH < 4), but with dlightly higher pH
values than those at TSP. Also the base saturation values are somewhat higher than those at TSP.

Throughfal water (pH 4.9) and soil water (pH 4.4) are dightly less acidic than the values observed at
TSP (Figure 10). Similar to TSP, an extremely low pH in throughfall does not occur despite the high
SO, concentrations, due to input of alkaline dust. The dominant anion is SO,, in al the compartments.
By contrast to TSP, the concentration of N in deposition and of NOjz in soil water is low. Calcium is
the mgjor cation in al compartments. In precipitation and throughfall Mg is aso an important cation.
In the soil, Al isreleased due to acid conditions, but its concentration decreases in stream water. As at
TSP, this is due to processes in the deep soil layers (Larssen et al., 1998). The ANC in the ground
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vegetation throughfall is -112 peq L™ decreases to —315 peq L™ in the A-horizon (L1). In the stream
water the ANC is-142 peq L™, implying neutralisation of the water in deeper soil horizons.

3.3.3 Le Gong Shan

The loamy soils are composed of residues of primary minerals as quarts and some K-feldspar and
plagioclase. Secondary mineras are dominated by kaolinite, smectite and illite. Thereisaso a
significant amount of calcite in the soil (0.6 — 5.7 w/w %). The B-horizon (L3) at LGS contains more
humus (9.8 w/w %) than this horizon at the other sites. The soil pH (pH20) is the highest among the
studied sites and the base saturation (BS) is above 20% in both the A- (L 1) and B- (L 3) horizons
(Figure 11). This may be due to the presence of calcite in the soil. Despite the relatively low nitrogen
deposition rate, the A and B horizons have the lowest C/N ratios of all IMPACTS soils.

LGS

80 - 2 80 -

SO, NOg- +N H4+
70 70 - B NH4
60 60 | mNO3
50 50 |
2 40 1 = 40
30 A 20 |
20 20 |
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Figure 11. Concentrations of selected ions in throughfall, soil water and stream water at Lei Gong
Shan in different compartments in the catchment. Values are volume weighted averages (FTF) and
medians (L1, L3 and SW), respectively for 2003.
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In al compartments of the LGS catchment the pH values of water are greater than 4.8. Highest values
are observed in stream water, where pH = 6.6 (Figure 11). Besides SO,, bicarbonate (HCOy) is
important in many of the precipitation samples. Organic anions are important in throughfall and upper
soil horizons (Appendix B). Compared with TSP, the concentration of NO; at LGS is low in al
compartments of the catchment. However, NO; levels are somewhat higher than those at LCG. The
dominant anion in stream water is bicarbonate. Calcium is the mgjor cation in all the compartments.
Only small amounts of Al are mobilized in the LGS soils, so that the molar Ali/(Ca + Mg) is low
(Figure 7).

Associated with the important role of HCO; and organic anions in water moving through the
catchment, we observe relatively high ANC values, slightly decreasing from 38 peq L™ in ground
vegetation throughfall (FTF) to about O peq L™ in the B horizon (L2). Below this horizon the ANC
increases again into the BC horizon (L3; 5.9 peq L™) and stream water (82 peq L™) as the acidity is
neutralised partly due to SO, adsorption. A relatively high concentration of sodium (Na) in the stream
(80 peg L™ suggests that the increased ANC may be partly due to the weathering of plagioclase in
deeper soil horizons. lonic strength of stream water is low at LGS (217 peq L™) indicating that this
dilute water has a low acid buffering capacity. Future anthropogenic acidification may therefore give
rise to acid surface water.

3.3.4 Cai JiaTang

The loamy soils at CJT are dominated by quartz, with illite being the major clay mineral. The low
amounts of weatherable primary minerals as feldspar and plagioclase imply that the soils are highly
weathered and low in base cations. At the same time, the high content of illite may suggest that the
soils at CJT are developed from a parent material relatively rich in base cations. Dolomite in the clay
fraction of the A-horizon of the soil profile located in the valley bottom also suggests the presence of a
considerable pool of base cations in the catchment.

Soil pH and base saturation, although variable, are relatively high (Figure 8). Particularly the soilsin
the lower part of the catchment have relatively high BS. Despite the elevated S deposition levels, the
amount of adsorbed SO, is relatively low. This may be dueto the relatively high soil pH.

By contrast to TSP, the CJT site has relatively high concentrations of Ca and NH, in throughfal
deposition compared with SO,. This resultsin ahigher pH, and thus lower deposition rate of free H* at
CJT, than at TSP. Upon transport of the water into the minera soil the pH increases, despite a
considerable nitrification. As for the soil, also soil water pH values vary considerably from soil profile
to sail profile. The highest average soil water pH (6.0) is found in the deepest lysimeter in the valley
bottom (plot C), while the average pH in the stream water is near-neutral (6.9).

Sulphate is the dominant anion in al the compartments, except for stream water. Nitrate aso
contributes considerably to the total negative charge in the transported water, with the exception of the
stream water. Bicarbonate accounts for about half of the anionic charge in the stream water. Calcium
is the mgjor cation in all compartments. Due to uptake of K and Mg (not shown) in the B2 horizon
(L3), the pH decreases to 5.0 and the Al concentration increases. In al cases the molar Al/(Ca + Mg)
ratio remains well below 1 (Figure 7).

The ANC decreases from -134 peq L™ in the ground vegetation throughfall (FTF) to -172 peq L™ in
the B horizon (L3) due to uptake of base cations and release of Al. In stream water the ANC is 223
peg L™ (Figure 6), indicating total acid neutralisation of the water in the deeper layers of the soil and
the bedrock.
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Figure 12. Concentrations of ions in throughfall, soil water and stream water in Cai Jia Tang in
different compartments in the catchment. Values are volume weighted averages (FTF) and medians
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(L1, L3 and SW), respectively for 2003.

3.35Liu Xi He

The soils at the LXH site are rather sandy. The soils contain a considerable amount of K-feldspar and
quarts. Among the secondary minerals the amount of illite was higher than found at the other sites.
Furthermore, the soils contain a substantial amount of gibbsite. The bedrock at LXH isigneous instead
of sedimentary, as is the case at the other sites. The content of organic matter in the soils at LXH is

relatively high.
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Figure 13. Concentrations of selected ions in throughfall, soil water and stream water at Liu Xi Hein
different compartments in the catchment. Values are volume weighted averages (FTF) and medians
(L1, L3 and SW), respectively for 2003.

Water pH varies between 4.4 and 5.2 in all compartments of the watershed, except for the stream
water, which has median pH of 6.6 (Figure 13). Because the atmospheric deposition rates of SOy, Cl
and N at LXH are similar, these ions a so congtitute the dominant anions in the different compartments.
Bicarbonate plays an important role in stream water (Appendix B). Nitrate accounts for about half of
the anionic charge in the mineral soil horizons due to the nitrification. The major cations in the
different compartments are Ca, K, Al, and Na. In the A- and B horizons Al is dominant and in many
cases the molar Al/(Ca+ Mg) is greater than 1. This suggests that the critical load at this site has been
exceeded.

The ANC in stream water is 39 peq L™ (Figure 6), indicating that also at LXH acid neutralisation
occurs in deeper soil horizons.
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3.4 Modelling of future scenarios

Modédlling of the response to future scenarios for changes in deposition is carried out in IMPACTS
using two different models: MAGIC and NuCM. Both are process-based dynamic models, but are of
different complexity in terms of processes and details included. MAGIC is less detailed and hence
requires less input data. NUCM has detailed process description and require detailed information as
input. A maor difference between the two models is the description of nutrient cycling, where
MAGIC take nutrient cycling fluxes as inputs, NUCM include the nutrient cycling processes.
Monitoring data are necessary to calibrate such models and data from the IMPACTS sites form avery
good basis for model calibration. The MAGIC model has been applied to the data from TSP, CJT, and
LGS sites. NUCM has so far only been applied to the TSP site.

341MAGIC

Some model results for different scenarios for the LGS site are presented here. As indicators for
acidification of soil and soil water the molar ratio of base cations’ to aluminium (Bc/Al) and the soil
base saturation (BS) are used. Detailed results on model calibration results and scenario analysis will
be published in a separate report.
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Figure 14. Historic development of the acidification indicators Bc/Al molar ratio in soil solution and
soil base saturation for the average of the LGS catchment using 3 different assumptions for sources of
the base cation deposition. The results show that better knowledge of the sources of the akaline dust
in the atmosphere is important for model calibration.

% Here only the base cations Ca, Mg and K are included (since Na is assumed to have only minor influence on
the biota); the abbreviation Bc is used for these three base cations.
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It has earlier been pointed out that the deposition of base cations, in particular calcium, is of mgor
importance for understanding the effects of changes in emissions of acidifying compounds in China.
In order to illustrate this we show the result of three different model calibrations for the LGS
catchment. The average values for the different plots in the catchment were used. Three different
assumptions for the origin of the base cations were used, assuming from 50% to 100% of the current
base cation deposition having natural origin. Assuming a large natural fraction of the current base
cation deposition (and hence constant over time) gives a larger predicted change in the acidification
parameters. If alarge fraction is assumed anthropogenic (and the historic deposition pattern scaled to
sulphur), the estimated historic acidification is smaller (Figure 14).
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Figure 15. Predicted future development for the acidification indicators B¢/Al molar ratio in soil
solution and soil base saturation for the average of the LGS catchment using 3 different scenarios for
sulphur deposition.
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For the forecasts presented here we used the model calibration assuming 50% of the base cation
deposition of natural origin for the LGS site. For the CJT site we used an assumption of 25% natural
base cation deposition. A lower percentage natural contribution is used for the CJT site due to its
location closer to agricultural and other anthropogenic activities. Three different forecast deposition
scenarios are presented:

- All deposition constant at current level

- Sulphur deposition reduced by 20% by 2010 (i.e. according to the current legidation)

- Sulphur deposition reduced by 50% by 2010

10 - CJT plot B
[Bc/Al ]

Base saturation

%
]

0 T T T T T T T 1
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Figure 16. Predicted future development for the acidification indicators B¢/Al molar ratio in soil

solution and soil base saturation for plot B at CJT catchment using 3 different scenarios for sulphur
deposition.
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For the LGS catchment all three scenarios give a continued decrease in the acidification parameters
(Figure 15). The site is hence highly sensitive to acidification and the pool of exchangeable base
cation is being reduced at the current deposition. A substantia reduction in the acid deposition is
needed in order to stop further acidification of the soil. The high sensitivity to acidification is
particularly related to the low pools of exchangeable cationsin the soils at this site.

For the CJT site results are shown for Plot B (Figure 16). This site has according to the model
experienced a moderate acidification previously. The modd results suggest that at the current
deposition the soils will continue to acidify. 20% reduction in the sulphur deposition is predicted to be
sufficient to stabilize the soil and soil solution at values close to those found at present. The scenario
with 50% decrease will according to the model give substantial improvements.

In the future, with the control of sulphur emission, sulphur deposition may decrease. However,
nitrogen emission is expected to increase rapidly. Forecasts from current calibrations show that
increased N deposition may play an important role in the future.

It should be noted that some of the observations at the sites are difficult to explain, and not in
accordance with results expected from literature. In some cases it is not possible to explain the
chemical mechanisms behind the observed data. This naturally makes model results very uncertain,
since the processes are not well understood. It is hence important to carry out sensitivity analysesin
model applications, as exemplified for the historic base cation deposition in Figure 14.

3.4.2 NuCM

The Nutrient Cycling Model (NuCM) was used to simulate the dynamics of nutrient cycling in an acid
rain affected Masson pine (Pinus massoniana) forest ecosystem at Tieshanping, Chongging city. In
addition, future nutrient cycling in the investigated forest ecosystems was predicted in response to
several acid deposition scenarios. Two years of observed data (from 2001 to 2002) were used for
model calibration. All major biogeochemical processes affecting nutrient cycling in forest ecosystem
areincluded in the NUCM simulation model.

After model calibration, water fluxes in the ecosystem were well simulated, even though the annual
precipitation varied very much during the two simulation years. Dry deposition was obtained by
calibration, using observed chemical fluxes in wet deposition and throughfal. Since data on foliar
leaching and nutrient translocation are lacking, the required model parameters had to be obtained
through calibration. Satisfactory results on throughfall calibration were achieved, while Ca and S
fluxes in litterfall were underestimated. Rates of litter decay and organic matter mineralization were
al so obtained through model calibration.

Tree biomass increment was obtained from the literature, whereas the chemical composition of foliage
was based on measured values. The chemical composition of boles and roots were taken from the
literature.

In general, concentrations of cations, N and Sin soil water were well smulated (Figure 1). Since there
were no measured data on mineral weathering, selectivity coefficients and auminum hydrolysis
constants, all relevant parameters were found by calibration against observed cation concentrations in
soil water (Figure 17).
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Figure 17. Simulated versus observed concentrations of NOs, SO,, Ca and Al in soil water at  Tie
Shan Ping plot C.
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Sensitivity analysis suggests that vegetation growth rate, mineral weathering rate and organic matter
decay rate were most important for model simulations of nutrient cycling. Additiona research is
necessary in order to obtain better estimates of parameter values that describe these processes. In
addition, the sensitivity analysis indicates that model results are little affected by carbonate equilibria,
atmospheric CO, levels, and soil temperature. Consequently, there is little need not to put much
emphasis on further quantification of these variables.

After model calibration, NUCM was used to simulate selected scenarios. Four scenarios on different
atmospheric S and N deposition loads were used: 1) keep current deposition rate constant for 50 years,
2) reduce S deposition by 50% from the first simulation year but keep others constant for 50 years; 3)
reduce S deposition by 50% but increase NH,4 deposition by 100% from the first ssmulation year, and
keep other deposition constant for 50 years; and 4) reduce S deposition by 50% but double NO,
deposition from the first simulation year, and keep other deposition constant for 50 years.

The results of scenarios simulations suggest that increasing N deposition increased vegetation growth
in al the plots. Most of the added N accumulated in the ecosystem (vegetation and soil) and the model
suggest that little additional N leaching occurs in the next 50 years even in the scenarios with
increased N deposition. Additional experimental research is required to further test this. Reducing S
deposition decreased |eaching of nutrient cations like Ca and Mg and increased soil exchangeable Ca,
Mg and K pools.

It is important to note that the current NUCM calibration has several uncertain parameters. For
example, parameters for foliar leaching, nutrient translocation and mineral weathering are lacking. The
great number of unknown parameters makes the calibration procedure difficult and make further
model testing necessary.
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3.5 Forest

Forest condition is monitored by visual crown assessments, foliar chemistry and observations of
damaging agents. Defoliation has been severe during the four years of monitoring in the TSP
catchment, and moderate or low in the others. In the LCG catchment defoliation has increased
considerably throughout the monitoring period. Insect attacks have been severe on Masson pine (Pinus
massoniana), again mainly in TSP. The insects have been both free-feeding defoliators responsible for
defoliation, and Longhorn beetle larvae, living under the bark, apparently killing the trees. In CJT,
another insect, the Masson-pine caterpillar (Dendrolimus punctatus) was frequent in 2002, but the
adverse influence caused by it was less severe in 2003.

3.5.1 Defoliation

In general, defoliation has been severe and wide-spread in TSP, with mean values around 45%.
Although lower, defoliation has also been considerable in LCG. The three other catchments had minor
defoliation only. The defoliation index used in Europe and North America (ICP-Forests) are used here
for classification:

¢ no defoliation: 0-10%

e dlight defoliation: 10-25%

e moderate defoliation: 25-60%

e severedefoliation: >60%

In TSP, defoliation of dominant Masson pine increased during the 2000-2002, with averages from
41% in 2000 to 50% in 2002, followed by a dight decrease to 2003 (Figure 18, Table 6). The
percentage of Masson pine in TSP in 2003 with dlight defoliation has dightly increased, the
percentage with moderate defoliation clearly increased while the percentage within the severe
defoliation class decreased. Few trees died in 2003 compared to the previous years.

In LCG, the defoliation has increased during the four monitoring years of 2000-2003, with average
defoliation from 15% in 2000 to 41% in 2003 (Figure 18, Table 6). The increase from 2002 to 2003
was 15%, which is more than the total increase of 11% during the three previous years. The
percentage of Masson pine in 2003 with no defoliation and slight defoliation has strongly decreased,
while the moderate and severe defoliation classes strongly increased; no dominant Masson pines died
in 2003.

In LGS, 96% of the Armand Pine was in the no defoliation class in 2003. This is a dight change from
2001 nd 2002, with an increasing number of trees in the no defoliation class. For Chinese Fir 97% of
the trees were in the no defoliation class. This is a considerable change from 2002 and 2001, where a
considerable fraction of the trees were in the dlight defoliation class (Table 7).

At CJT, 85% of the Masson pine was in the no defoliation class in 2003. Thisis a dlight increase from
the previous years. For Chinese Fir, a reduction of healthy trees and an increase of trees within the
dlight defoliation class were observed from 2001 to 2002 (Table 7). In 2003, only healthy trees were
observed, showing the same tendency as both Armand pinein LGS and Masson pinein CJT did.

Forest investigations started in 2002 in LXH. At this site broadleaved trees dominate. The
investigations document low defoliation.
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Figure 18. Variation in averaged defoliation of dominant Masson pines within Kraft class 1-3in LCG
and TSP from 2000 to 2003.

Table 6. Percentage distribution of Masson pine within different defoliation classes at the monitoring
sitesin 2000-2003

Catchment  Year 0-10% 10-25% 25-60% > 60% Dead (%)*

TSP 2000 8 17 63 12 0
TSP 2001 1 10 77 7 5
TSP 2002 0 5 69 18 8
TSP 2003 0 7 79 12 2
LCG 2000 51 34 13 2 0
LCG 2001 35 42 19 2 2
LCG 2002 12 49 34 3 2
LCG 2003 2 26 59 13 0
cJr 2001 80 3 1 4 12
CJr 2002 82 1 0 0 17
CJT 2003 85 1 0 0 14

* Percentage of dead treesin 2002 includes the dead treesin 2001.
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Table 7. Distribution of dominant Armand pine, Chinese fir and broadleaves within different
defoliation classes at the monitoring sitesin 2001-2002

Catchment  Species Year 0-10%  10-25% 2560% >60%  Dead (%)
LGS Armand pine 2001 89 6 5 0 0
LGS Armand pine 2002 97 0 1 1 1
LGS Armand pine 2003 96 2 0 0 0
LGS Chinese fir 2001 63 28 9 0 0
LGS Chinese fir 2002 51 41 8 0 0
LGS Chinesefir 2003 97 3 0 0 0
CJr Chinese fir 2001 82 12 6 0 0
CJr Chinese fir 2002 57 38 5 0 0
CJT Chinesefir 2003 100 0 0 0 0
LXH Broadleaves 2002 86 12 1 1 0
LXH broadleaves 2003 85 9 5 0.5 0.5

Defoliation assessment is hampered by the subjectivity of the observer. Therefore, defoliation scores
are preferably substantiated with supplementary data. In some cases defoliation results from unusually
high needle or leaf losses, which on conifers may be documented by counting needle retention. The
needle retention seen in TSP follows the temporal variation in defoliation well. In LCG, at the contrary,
there is no temporal correspondence between needle retention and defoliation. It is thus possible that
the recent increase in defoliation is more linked to changes in branching structure (dying of twigs and
branches, or sparse development of new twigs/branches) or needle size, than to needle | oss.

Table 8. Needle retention of dominant trees (Kraft class 1-3) in each site

Sites Tree species 2001 2002 2003

TSP Masson pine 1.9 year 1.5 year 1.8 year
LCG Masson pine 19year 1.8 year 19year
cJr Masson pine 1.3 year 1.3 year 1.3 year
LGS Armandi pine 19year 1.6 year 1.3 year

Defoliation assessments are subjective, and minor differences should always be interpreted with care.
Concerning the causes of variations in defoliation, the monitoring does not include variables
appropriate for diagnosing. In TSP, defoliation has remained severely high, on average 40-50%, on the
pine trees in TSP. Insect attacks are likely important causes for the defoliation at TSP. Defoliation
increased somewhat from 2000 to 2002, followed by a slight decrease to 2003. This increase may be
due to the relative moist and favourable weather condition in 2003, as well as decreasing insect attacks.
It should also be noted that concentrations of potentialy toxic Al in the soil solution were highest in
TSP, which may be an additional stress factor for the trees. The role of air pollution and possible
changes in soil chemical properties on defoliation is difficult to assess. Direct influences of air
pollution from local sources on crown condition was found in countries in Central and Eastern Europe
but no effects from long-range transported sources were found (UN-ECE, 1997).

Defoliation responds to many stress factors and is therefore a valuable overall indicator for forest
condition. Generdly, stand age, site index, drought, insect and fungi attacks and air pollution are
correlated with crown condition. It is, therefore, necessary to use multivariate statistical techniques, in
order to eventually reveal relations between stress factors and tree crown condition.
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3.5.2 Foliage discolor ation

Foliage discoloration is an important indicator of crown condition. However, so far minor
discoloration is observed within all speciesinvestigated and at all sites.

3.5.3 Foliage damage

Insect attack is a major defoliation cause on Masson pine, clearly documented in TSP in 2000. The
insect defoliators have been Tussoch moths (Dasychira axutha); a pine caterpillar (Dendrolimus sp.,
possibly pinidiatrea); and a pine sawfly, possibly Diprion pini., al of which are feeding on the pine
needles. In the crown assessments the amount of defoliation attributable to insect attacks is assessed.
Assessing this from the ground with binoculars does not provide accurate figures, and will normally be
low and careful estimates, depending strongly on the observer’ s confidence and experience about such
insect damage. The site-average in TSP was 17.3%, 0.6%, 0.2% and 0.1% in 2000, 2001, 2002 and
2003 respectively, indicating a possibly clear reduction over time.

In CJT, another insect, the Masson-pine caterpillar Dendrolimus punctatus was frequent in 2002.

Table 9. The frequency of annual death (mortality) of dominant treesin each sites

site Treespecies 2000 2001 2002 2003
TSP Masson pine  Stat  6.13% (23/375)  1.99% (7/352) 0.27% (1/367)
LCG Masson pine Start 1.41% (4/283) 0% (0/279) 0.00% (0/278)
CJr Masson pine Start 10.2% (14/137)  13.97%(19/136)
cJr Chinesefir Start 0% 0%
LGS Armandi pine Start 1.10% (4/365) 2.13%(8/375)
LXH Chinesefir Start 0% 0%
60 - Ratio of pine death in class 1-3, TSP, 2001
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Figure 19. The Relationship between plot mean defoliation of dominant Masson pine trees in 2000
and mortality in 2001 in TSP.
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3.5.4 Treedeath (mortality)

Extremely high mortality was observed in TSP in 2001. A longhorn beetle, probably the Japanese Pine
Sawyer (Monochamus alternatus), was abundant under bark on dying and dead trees, together with
considerable amounts of coarse wood frass outside the bark. In the autumn of 2000, it was apparent
that the attacked, but still living, trees were severely defoliated prior to the attacks by this bark living
beetle larva. The frequency of annual death (mortality) of dominant trees is an important indicator of
forest health. Therefore we compared the corresponding valuesin Table 9. It shows that the site TSP
has higher mortality than LCG. It can be noted that this Longhorn beetle is responsible for spreading
the Pine Wood Nematode (Bursaphelenchus xylophilus), with its aarming attacks in Europe pine
forests in the recent decade. However, as far as we know, this nematode is not present in the areas of
the IMPACTS project.

In the relation between mortality of Masson pines in 2001 and defoliation in 2000 is presented. It
shows that, the trees with a slight defoliation (10-25%) have very low death possibility; the trees with
a moderate defoliation (25-60%) have an increasing but still lower death possibility; while the trees
with asevere defoliation (>60%) have avery higher and very rapidly increasing death possibility.

3.5.5 Foliar chemistry

Foliar chemistry in 2003 was analyzed at the research sites CJT, LGS and LXH, whereas the latest
data from the other research sites were collected in 2002. Values for current year foliage are reported
in Table 10.

Elements that showed the largest differences between sites were N, P, S and Na Foliar N
concentrations ranged from 13 g kg™ at TSP to 25 g kg™ at LGS, whereas P concentrations ranged
from 1.0 g kg™* at TSP to 1.8 g kg™ at LGS. Concentrations of S and Na were between 1.2 g S kg™
(CJT) and 2.4 g Skg™ (LCG), and 0.04 g Na kg™ (LCG) and 0.4 g Nakg™ (LXH), respectively. Foliar
concentrations of K, Ca, Mg and Al did not show large differences between sites and were, averaged
for al sites, 6 gK kg*, 4 g Cakg™, 1gMgkg™* and 0.2 g Al kg™

The differences in needle content of N and S between the sites were not directly related to N and S
deposition. Foliar S at TSP, that received by far the highest S-deposition of all sites, was lower than at
L CG where S deposition was ca 25% of S deposition at TSP (Table 2). The high Na concentrations at
LXH may be related to the proximity of the sea the higher deposition of seasalts compared with the
other sites.

Foliar chemistry at CJT, LGS and LXH was fairly stable with time for all elements except for Pand S
at LXH (Figure 20). The cause for the decrease in P and increase in Sin 2003 at LXH is not clear but
might be related to phenological variation during the season, as LXH is a broadleaved stand.

The interpretation of the foliar chemistry is somewhat uncertain, as threshold values are not easily
available for the actual tree species and growing conditions. Also, concerning broadleaved tree species
at southern latitudes, as being the case in LXH, there might be seasonal effects on foliar chemistry,
and this needs to be further clarified. However, given the available literature from Europe and China
on thresholds concentrations and ratios between elements (Bonneau 1988; Hittl 1991, Yan Chang-
Rong et al. 1999, Zhang Ping et al. 1995, Appendix D) we have the following interpretation at present.
In general, no deficiency symptoms are observed on the foliage, and no acute deficiency appears to be
the case in the five catchments. Nitrogen concentrations are high. Thisis particularly the case for LGS,
where N values have remained at the very high level of around 25 g/kg (Figure 21).

The nutritional status appears to be somewhat unbalanced, mainly due to the high nitrogen values

(Table 12). This is the case for phosphorus, with N/P-ratios from 12 to 15, which is higher than for a
balanced nutrition, having the ratio around 6-12. Phosphorus is also low in absolute concentrations in
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TSP, being only dightly above a nutrient deficiency (Table 11). Low phosphorus availability might
stem from the formation of sparingly soluble calcium phosphates, resulting from the high loads of
calcium and high pH. This may well be a widespread phenomenon in China. It is notable that the
lowest P values were found in the severely damaged pine forest of TSP outside the city of Chongging
(Table 10). Also, in LGS the high nitrogen creates an unbalance towards potassium with ratios around
3.7. However, K values are themselves normal. Mg concentrations appear to be sufficient, and also
well balanced in relation to nitrogen. Ca concentrations are high. However, Ca concentrations in
foliage normaly vary within wide limits without having any physiological effects on trees.
Concerning the LXH catchment, with its broadleaf tree species, low N concentrations were seen.
Further work is needed on linking foliar chemistry with site characteristics in order to provide
appropriate interpretation of the results.

Table 12. Element content (g/kg) in current year foliage of main tree species in monitoring sites

Tree

Defoliation

Site species Study year ralio K Na Ca Mg Al N P S
Masson
LCG e 2000-2002  14% 706 004 419 112 020 1447 118 242
TSP '\P’i'ﬁ‘fo” 2000-2002 50y, 572 005 403 130 018 1344 099 2.00
CJT g’i'rf‘zso” 2001-2002 o, 538 021 441 131 027 1724 143 134
LGS Srnrga”d 2001-2002 5o, 661 017 436 167 027 2534 183 184
o g/ilr??on 20022003 4, 551 024 452 126 022 1725 129 1.23
Las grnrgand 20022003 4, 671 020 437 156 022 2490 170 1.62
Uxy  broadlea 20022003 . 662 037 315 108 008 1480 118 1.25
Ves
Element content (g/kg) in current year foliage of main tree
species in monitoring sites
02001 CJT
12002 CJT
2003 CJT
% 2001 LGS
2002 LGS
#2003 LGS
12002 LXH
MW 2003 LXH

Element

Figure 21. The elemental content in current year foliage of main tree species in catchments
CJT, LGS and LXH in 2001, 2002 and 2003
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Table 13. Foliar chemistry, reference values (g/kg) (Zhang Ping et a. (1995).

Site Tree — SWOdY o0 health status K Na Ca MgAl N P S
species  year

Jinyunshan,  Masson - 0

Chongging pine 1993  Defoliation <10% 934 0.09 423 089 --- 1045 092 ---

Nanshan Masson Defoliation  >60%,

Chongaing pine 1993  severely damaged by 7.05 0.11 7.10 1.15 --- 12.06 0.72 ---

SO,
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3.6 Ground vegetation

Ground vegetation and biodiversity changes are monitored in permanent sample plots in all five
catchments as described in the ground vegetation manual. A large set of indicators of environmental
change is recorded; changes in species composition, species numbers of different plant groups and
single species’ abundances. These indicators enable early detection of changes in vegetation brought
about by broad-scale, regional factors asair pollution aswell as climatic change.

3.6.1 Biodiversity

Chinese forest ecosystems comprise awide range of biodiversity variation. Thus species numbers vary
considerably between and aso within the catchments. The total number of species was equal or
differed only dightly between the year of analyses and the reanalyses in three of the four analysed
catchments. However, changes in plant biodiversity in these catchments occurred, as new species
appeared and others disappeared.

The total number of species recorded in the 50 1-m” plots during the first reanalysis of plots varied
from only 67 species in LCG to 175 species in LGS (Table 14). The total species number increased
considerably in LGS from the first year of analyses to the first reanalysis two years later, possibly due
to differences in phenology, as fieldwork was carried out two weeks earlier in 2003 than in 2001. For
variation of species within each catchment, see Appendix C.

The great variation in plant diversity between catchments emphasizes the need for monitoring in more
than 5 catchments in Chinese forest ecosystems. In order to study changes over time in different
spatia scales, the total number of species in the 30x30m plots was recorded in the first reanalysis of
each catchment.

Table 14. Total number of species recorded in the 5 catchments, at the first year of analysis and the
first year of reanalyss.

Catchment Y ear of Y ear of Total number of Tota number of Tota number of
first first speciesin the 50 speciesin the speciesin 50 1m? plots
analyses  reanalysis plots recorded the 50 plots recorded + ten 30x30m? plots,
year of first analysis the year of first recorded at first
reanalysis reanalyses
LCG 2000 2002 67 67 171
TSP 2000 2002 65 61 147
LGS 2001 2003 137 175 285
cJr 2001 2003 78 78 127
LXH 2002 2004 154 (Not yet recorded) (Not yet recorded)

3.6.2 Ground vegetation change

The ground vegetation data provide possibilities for testing several variables for ground vegetation and

biodiversity changes that may be related to acid rain as well as climate variability. Changes in ground

vegetation in LCG, TSP, LGS and CJT from establishment to the first re-analysis two years later were

analysed by testing the hypothesis of no change (i.e. median change = 0, against the two-tailed

aternative; Wilcoxon'stest (see the ground vegetation manual). The parameters tested were:

e changesin species composition (as expressed by positions along ordination axes)

e changes in species number (o-diversity); total species number and numbers of different plant
groups

e change in abundance for each species with observed abundance change in more than 5 plots.
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Change in species composition

Significant changes in species composition between the year of establishment and the reanalysis were
not observed along the most important vegetation gradient in any of the four catchments. However,
along the second most important vegetation gradient significant changes were observed in two of the
four reanalysed catchments (Table 15), possibly due to climatic and seasona variation between the
first year of analyses and the reanalyses two years later. Changes in species composition that can be
related to acid rain were not expected at reanalyses performed only two years after the first year of
analyses (the year of establishment of each catchment); thus continued monitoring is needed.

Univariate and multivariate statistical methods were used in order to detect changes in species
composition between the year of establishment and year of reanalysis. The state of the art ordination
method, DCA — Detrended Correspondence Analysis, was used to detect changes in species
composition. No significant change in plot displacement along the main gradient (DCA 1) in any
catchments at level P 0.05 was observed (Table 15, Figure 22 - Figure 25). Along DCA 2, a
significant change in plot displacement was observed for both TSP (increased plot scores for 30 of the
plots) and for LGS (decreased plot scores for 33 of the plots). In TSP, the vegetation gradient along
DCA 2 is interpreted as due to variation in soil moisture (decreasing along the gradient), pH
(increasing along the gradient) and tree influence (decreasing along the gradient). The most probable
reason for the significant change is climatic variation; 30 plots have been displaced in the direction of
sites with drier weather conditions. In LGS, the vegetation gradient dlong DCA 2 isinterpreted as due
to variation in soil moisture (decreasing along the axes) and micro-topographic terrain roughness
(decreasing along the axes); i.e. 33 plots have been displaced in the direction of sites with higher sail
moisture. In LGS the change may be due to both seasonal variation (different time for field work the
in 2001 and in 2003) and climatic variation.

Table 15. Summary of Wilcoxon one-sample test of species composition change along DCA first two
axes (P value given) in the 2-year study period for 4 of the 5 IMPACTS catchments. Wilcoxon tests of
the hypothesis “no change” were made against the two one-tailed aternative hypotheses for all species
composition with significance probabilities. Changes significant at level P 0.05 are indicated by bold
facetypes. n =50 (in CJT area, n=46). n —is number of plots with decreased and n+ is number of plots
with increased DCA plot scores aong the first and second DCA ordination axes, respectively.

DCA 1 change DCA 2 change
Reference Years v
area analysed Mean N n+ P ean n- n+ P
change Change
LCG 2000-02 0.007 20 29 0.171 -0.009 25 24 0.762
TSP 2000-02 -0.038 30 20 0.067 0.085 20 30 0.030
LGS 2001-03 0.029 22 28 0.398 -0.113 33 17 0.001
CJr 2001-03 -0.039 27 19 0.199 0.032 18 28 0.438
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7 - \k/ff[\\

Figure 22. Plot displacement in DCA of 50 plots analysed in 2000 and 2002 in LCG (no turned).
4 4

Figure 23. Plot displacement in DCA of 50 plots analysed in 2000 and 2002 in TSP (DCA1 and
DCAZ2 turned).
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Figure 24. Plot displacement in DCA of 50 plots analysed in 2001 and 2003 in LGS (DCA2 turned).
4 4

Figure 25. Plot displacement in DCA of 50 plots analysed in 2001 and 2003 in CJT (plots 4, 5, 30,
40 made passive, DCA2 turned).
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Changein speciesdiversity

The number of bryophyte species has changed significantly in all four catchments, most probably due
climatic variation between the years of analyses. For the vascular plants significant change in species
diversity was only observed in the LGS catchment.

The detailed ground vegetation monitoring provides data for testing biodiversity changes (Table 14)
that may be related to environmental changes. The results from the Chinese forest ecosystems based
on results from the first year of analysis and reanalysis two years later partly confirms the experiences
from the Norwegian ground vegetation monitoring plots based on more than fifteen years of
monitoring, i.e. that bryophytes respond very fast to climatic fluctuations.

In the 2-year study period, the total number of species per 1-m? plot decreased significantly (Table 16)
in LCG (p=0.008) and TSP (p=0.005), while increased significantly in LGS (p<0.0001) and CJT
(p=0.006). The average change was —0.68, -0.92, 5.8 and 0.82 species per plot respectively.

Vascular plant species number only increased significantly in LGS (Table 16; decrease was observed
in one of the 50 plots, increase in 43 plots, p<0.0001). The average change in LGS was 4.0 species per
plot.

The number of bryophyte species decreased significantly in LCG (p=0.015) and TSP (p=0.009), while
increased significantly in LGS (p<0.0001) and CJT (p=0.006), The average change was -0.42, -0.38,
1.80 and 0.46 species per plot respectively.

Table 16. Change in species number per plot in each reference area during the two-year study period.
Wilcoxon Signed Ranks tests (P value given) of the hypothesis ‘Median change = 0" were made
against the two-tailed alternative hypotheses for al combinations of area and plant group (decreasing
species number is in italics; significant change in species number in bold-face types). n = 50. n —
number of plots with decrease and n+: number of plots with increase in total species number, vascular
plant number and bryophyte number, respectively.

Catch- Years Mean  Tota P Mean Vascular P Mean  Bryophyte P
ment analysed change number of change plant change species
species Species
n- n+ n-  n+ n-  n+

LCG 2000-02 -068 30 11 0008 -026 23 17 0335 -042 17 4 0.015
TSP 2000-02 -092 26 12 0005 -054 23 16 0092 -038 16 4 0.009
LGS  2001-03 5.80 2 47 <0.001 4.00 1 43 <0001 180 7 33 <0.001
ar 2001-03 0.82 11 24 0006 0.36 17 22 0184 046 6 20  0.006

The decrease in bryophyte number in LCG and TSP may be due to a drier climate in 2002 than in
2000. However, the mean change in total species number is lower than the mean change in bryophyte
number for both LCG and TSP, due to the decrease in vascular plant number (not significant at level p
<0.05).

Theincrease in bryophyte number in LGS and CJT is probably due to more moist climate in 2003 than
in 2001

The significant increase in vascular plant speciesin LGS is probably related to seasonal variation; the
time point for analysesin 2001 and for reanalyses in 2003 differed by afew weeks.
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Change in species abundances

Due to the short period between analysis and reandysis of the catchments, significant changes in
species abundances were not expected. However, some of the species have decreased and some others
have increased. In two catchments the number of vascular species with a decrease was significantly
higher than expected (Table 16, and Appendix Table C-7), while in the other two catchments the
number of vascular species with an increase was higher. In one catchment the increase of vascular
plant species abundances (18 species) is most probably due to seasona and/or climatic variation.
Some bryophyte species decreased in abundance in two catchments, while an increase was observed in
one catchment only. The abundance changes recorded for bryophytes are most probably due to
climatic variation.

In LCG the species abundance of two vascular plants (Cayratia japonica and Rubus buergeri )
decreased significantly (more than expected by chance; G-tests in Table 17). Correspondingly,
abundances of three vascular plant species (Cinnamomum camphora, Pteridium aquilinum var.la. and
Smilax china) decreased significantly in TSP. In LGS, 18 vascular plant species (Appendix Table.C-7)
increased significantly (G-test significant at level P<0.0001) and in CJT two species (Dalbergia
hupeana and Lophatherum gracile) increased significantly (G-test significant at level p < 0.05), most
probably due to better climatic conditions for plant growth in 2003 than in 2001, as well as seasonal
variation (a different time for field work in 2001 and in 2003).

Table 17. Summary of Wilcoxon one-sample tests of single species abundance change, and overall
G-tests for each catchment plant group, in the 2-year study period for 4 of the 5 IMPACTS catchments.
Wilcoxon tests of the hypothesis ‘No change’ was made against the two one-tailed aternative
hypotheses for all single species, for which abundance change was recorded in 5 or more plotsin an
area. Tests are reported as significant if P 0.05. Overall G-tests of the hypothesis ‘ Number of species
with significant change does not deviate from the expected number [which is 0.025 x (total number of
species tested) for each of abundance decrease and abundance increase, against the one-tailed
alternative hypotheses (larger than). Significant overall tests are indicated by bold-face types.

Catchment Years Total Decrease in abundance Increase in abundance
analysed  number Nymber of G P Number of G P

of  significant significant

SPECIES  tegts tests

tested
Vascular plants
LCG 200002 18 2 3.01 00414 1 0.51 0.2376
TSP 200002 27 3 451 00169 2 1.76 0.0923
LGS 2001-03 43 2 0.65 0.2101 18 75.60 <0.0001
CJr 200103 19 1 0.45 02512 2 2.83 0.0462
Bryophytes
LCG 200002 10 1 1.33 01244 O 0.51 0.7624
TSP 200002 5 2 8.18 00021 O 0.25 0.6915
LGS 2001-03 17 0 0.86 08231 4 11.62 0.0003
CJr 200103 11 0 0.56 07729 O 0.56 0.7729

Two bryophyte species (Leucobryum bowringii and Taxiphyllum subarcuatum) decreased significantly
in abundance in TSP, while four bryophyte species (Isopterygium albescens, Lejeuna flava,
Leucobryum juniperoideum and Metzgeria darjeelingensis) increased significantly in abundance in
LGS (G-test significant at level P=0.0003). In LCG and TSP, no bryophyte species increased in
abundance and only one and two species decreased (not significantly), respectively. In LGS, no
bryophytes species decreased. In CJT no bryophyte species decreased or increased significantly. The
abundance decrease in TSP is probably due to the drier season in 2002 than in 2000, since bryophytes
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are sensitive to climate fluctuations and climate change (Potter et a., 1995; Callaghan et al., 1997; R.
@kland, 1997; T. @Gkland et a., 2001, 2004), while the abundance increase in LGS may be both due to
moister climate in 2003 than in 2001 as well as difference in time-point for field analyses in 2001 and
2003.

Final remarksregarding ground vegetation

Thefirgt reanalyses of ground vegetation in the LCG, TSP, LGS and CJT catchments were performed
only two years after establishment analyses. However, significant results for ground vegetation and
biodiversity changes were found. The results clearly show that bryophytes are good indicators of
biotic effects of climatic fluctuations.

Experiences from other parts of the world show that vascular plants are good indicators for identifying
long-term effects of acid rain and soil acidification. Thus, data from longer time periods are needed to
identify vegetation changes that may be related to soil acidification or direct effects of air pollutants.

The optimised frequency for vegetation monitoring (e.g. two, three or five years) is not yet known for
the Chinese forest ecosystems, and should be tested.
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Appendix A. Maps of the monitoring sites
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Tie Shan Ping (T SP)

Map of the TSP catchment with monitoring and sampling locations indicated.
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Lei Gong Shan (LGS)

/

Map of the LGS catchment with monitoring and sampling locations indicated.
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Liu Chon Guang (LCG)
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Map of the LCG catchment with monitoring and sampling locations indicated.
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Cai JiaTang (CJT)
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Map of the CJT catchment with monitoring and sampling locations indicated.
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Appendix B. Annual chemical data for monitoring
samples and chemical data for soils

59



V0T v'8 9T T20T €0 8L 8. 99 GSG 65 LT 6T /S v/IT  9/€ OLv 08P weans
GT'T v's 8T 166 02 74 €eT  Gl€  €29T 62  65C 8.2 0z TZC  €90T 06€ 9IS 0110
18 rAr4 0 9TeS 6T 44 8 T0T 92IT 88 0gz  TT €T 8IT €9 16€ /88 414
4 97 zL  &slE 9T 6T 09 g9 G86 88 19T €21 0T 88 866 9Lt 6S0T 410
950 '8 LT a§ 0.2 80T €T €6 ST Vel vIv 6911 dg
260 S 1T Ge v8T 9L '8 6C 68 85 OTv  €50T OM
€002
z€0 Z6 € 80ST L0 1T 8 0T  S¥9 /8 10 0z 6v 80z 80r 8y 09 wea.ns
FAR® LT € 8Ily 0€ 6T 98 6L 168 18 9/T  1ST 1T 61T S/ 00V  960T 414
2.0 0T vT  220e  ¥2 8T 65 85 99/ /19 62T 66 0T 98 9/ /8¢  T8ET 410
60°0 L LT 14 z1e 06 €T 9 8T % 9z  8SST dg
200 9 T 0 9T €L 0]8 z €T ey 0Zv  0S2T OM
2002
99°€ L8 z geet L0 9 08 1L 2es Ge 90 2 85 90z v Y  SeE wea.ns
66°0 L2 82  8S¥S 62 ve oTT /8 922l 6L 0sz 202 9T LT 189 €6 869 414
ST ST € vy 9§ 14 1L €. 0T €L /T TET 148 ZIT 005  /8€  Gv8 410
6£°0 6 2 vS 182 Vet Gl 6 ve Z€T  /TY 656 dg
200 4 €T Ge 102 26 0T € GT 6S ey 8L OM
1002
et q6w Ol N e e e qgper e qberi jper e bert e pd ww
(1100 Hd) 17aY <4 - - - € i/ 14 §)
gy ~OS’H d¥ol NioL oy 0 o FON JOs IV JHN L BN AN @D
buid ueysall

'sofiesone 10|d Jo sonjen abeone se
pole|Nded afe £00Z 104 eep a|Iym ‘safesone ajdwes ale 200z pue TO0Z Jo)eep ay "sojdwes | JO Suoirusouod abesne palybiem awnjoA 19 a|qe.L



79

sonfeA afiesene se pajussald afe el ‘sunf 01 ArenigeH woly Bussiwerep jouny ,

" JBgUUIS29 8PN [dUl 10U SS0P TOOZ Ul HD 7 Ul Junowe uoielidoaid ayl «

6TE 9Y 8y 9eeT ST 1T (Y4 9T WIT 92 0z ) 0g 8¢ 186 0EV  ¥T ueans
v'8 9¢ ver 6wy 9T 18 1. 8T  v08T €IT 98 gee €2 v0e  ZIel  LTv /8 oll0s
09 850 00T 8222 V¢ 74 ze 12 66. 22 TL /ST ST 6T 9%y v.v €8¢ 414
1€ 8r0 /8 Gzez €€ 9 6 ve 680T  S€ 99 99T T2 YT €89 80V  I¥2 410
8z vT T4 0g €0 9% €z 62 S 092  18% 129 dg
€T €8 Ay 8T G5z 15 8T Ll 8e GST 687  €ov OM
€002
29°€e G0 0z 89€T ST e 69 12 €88  0¢ 19 TET 6T T.T 885 68V  9lY 414
G6'9C €0 104 T9ET 02 92 e (4 g6L €2 Ly 9T 6l 92T 825 62V  16€ 410
692 45 6T 9 viZ 9 74 vT 154 8Tz  ¥I'S 080T dg
8£9T 6 0T 8T 102 S 0T 9 (4 0T  t¥S¥ 8.9 OM
2002
ve'ae 0 12T €022 o 00T €S geg o1 95 g8eT VT ¥8T 1SS S9F  80E 414
8192 A 85 99TT 62 or 1€ 296 8T 14 6 6 68 g0 8Zv vz 410
eVl €T L 1 16T e oT L €5 6T S8Y LoV dg
2’9 8 zy 48 z8tT zs 6 L A 0T  SSv  8z¢ OM
x1002
et q6w Ol N e e e qgpert et qberi jper  qper qber e pd Wi
(1100 Hd) 17aY <4 - - - € i/ 14
OS'H d101 N0L o)y 400 |0  FfON JOS IV JHN M BN BN EO

AV

Buens uoyd ni

€002 S}nsay - poday [enuuy S1OVdINI



29

"T00Z
Ul painsesw 10U SeM 4 1D "BqUBAON pue JBdgo1o0 ._o%w_m\ﬂ_m:m [e21WBY2 OuU ‘Jequisde pue aung .\CQ:QmH_ .>..m::mh 9PN Ul JOU S30pP TOO¢Z U1SD T Ul :O:mu_a _om‘_Q 9yl «
88 vl o 22s 010 290 09 ve o 000 60 ev 08 12 0S G659 806 weans
a§ 2€0 02z  S¥6S TV 8T L€ /82 et Ot Ly AN A 98 V€ 98F% 00 oll0s
Ly ZT0 €5 Z82T 190 2T LT 74 8IT LT 12 85 0T 92 €6 126 S/6 414
8z 600  0S 92T  S90 0€ 8T 74 €T 12T T4 29 €6 92 6 G0S 6.8 410
'S TT FAL 8T 89 62 8¢ FAL 67 1z €9V  89¢T dg
6C TT o€ 92 Gl e Y 6C TS 74 vy TOOT OM
€002
LET A 74 9%y 00 T 0T (074 9 v'T 4 69 14 YOI 2,9 /€91 wea.ns
6L 10 0L 89GT SO € 4 8 a8 L0 ve as 1T ve 80T V'S 2.6 414
61 10 Ly vey %0 z GT 8 0L 80 GT 0S L €z 8L 9@s 2L 410
79 0T L 45 Gy 74 9 zT 0]8 68 GZS 8022 dg
€L 60 L 1T ev 8z S L 8 68 /6% /89T OM
2002
692 10 S 9 44 T4 % 6L 6 ¥9 voe 209 T/ 414
08 € 1S 9 6. 8T S L Ge YT T0S  T.CT dg
8z1 z Gl 8 zs T 4 9 4% 60c /TS T80T OM
x1002
et q6w Ol N e e qper  qgpert e qberi jper e qber e pd ww
(1100 Hd) 7Y ~4 - - - € ¥, v B
gy ~OS’H d¥ol NioL oy 0 o FON JOS IV JHN L BN AN P
ueys buoo B

€002 S}nsay - poday [enuuy S1OVdINI



€9

sonjeA sfiesone se pajussa.d ae el Bunr 01 Akenlged wolj bussiwerep jouny |,

aung pue Ae A U1 J0199[|00 AJUO-IBM BU) JO MO|JISA0 JO 8SMedsq Palew 11sa.epun si iunowe uorelidinaid sy «

202 vT L€ &9 000 67 LT ve /9T 000 9¥0 G2/ 0g €91 8¢ 89 16 eans
/S v's viz  6v68 €9 € 86 8ve 129 8§ 6T /8T €T 0T %S 9.t  8I0T 0110
8z1 12 ST 099G 60 14 89 0zt %Y v6 G6T /2T 9T 69 6/€ 9IS  €00T 414
68 TT TET €O 90 LT 44 g6 8¢ TI €T 18 1T o G/z  88v  T9TI 410
1€ 'S g6 a§ GsT 80T T8 6'S 68 Ge ogy  96TT OM
€002
GoT YT EP /98 00 9 €z S /ST 00 10 L e /ST 102 999 €62 wea.ns
G. ST ST e66E VT LT S 26 gge L 9T  ¥0T 9T €L 9%  €2S  89TT 414
g9 L0 0T 8vie 1T 45 114 TL %z 6 A1 7] €T o 9Tz  62S  T8ET 410
Z S L 1€ 20T 95 L 9 45 14 vy T19T OM
2002
66T vyT o T1E 6 €0 8 2 Ge 8sT 200 £ 0]8 0 65T 812 99 6L wea.ns
6. ze €9€ 868y VT 14 TL 6 gle € 86T  ¥2T 6T 8 Zte 62 1.6 414
79 Ve o¥T  8EIE 60 9T 15 €l TR 2T S8 6 15 0cZ  STS €68 410
1T 9 T € 8zT 18 8 1T 44 19 Ty L6 xOM
1002
et 96w BN B M et et beri qert qen qbert qer qjert e bert pd WA
(1100 Hd) 17aY <4 - - - € i/ 14 3)
gy ~OS’H d¥ol NioL oy 0 o FON JOS IV JHN L BN AN B
bue 1 eir fed

€002 S}nsay - poday [enuuy S1OVdINI



9

'San e afeone se pajussaid ae e JUNOLLE JJouni Jojemep ON

08 T 900 02z 000 1T 2z 1€ Ge 000 9V 6T 29 18 12 7199 VN Auresns
22 VT €ro 9Ty 29 18 1. Ll vz 91 15 2T o2 Gl 68T 267 19 oll0s
o€ 0T /00 0S6T L€ 9. z5 8T 29T t'S 9g 0T 9T Se S 0TS Vet 414
(3 L0 00 V95T  S¢ 0L 09 LT 9ST 0. 22 T ST 12 95 8e'S  6G.T 410
'S 'S LT 98 6 T €T ze 8 4% 6SY V8T dg
000 9 9z 45 88 9z 6 e 9T 6S 297 1611 OM
€002
oT 0T 10 00T TV S e 9 €6 S 82 65 12 L 16 98y 59T 414
€9 ST 10 6/6  67C S ITT P 16 14 T vlz €T e 8¢ g6y 78¢ 410
€0 L 2z 8¢ 09 €z T ze z€ 19 6EY  €92T OM
2002
et qpw /Ml N e qber qert qert et qbert qpert e qbert e pd ww
(oo Hd) , i i i c v v
1Y OS'H diol N¥oL oy 401 |0 fON JOS IV JHN M BN PN e
aH IX NI

£00Z SHNSay - Hoday [enuuy SLOVdINI



S99

"UoIe N2 3yl Ul pasn ale
(11V pue 4-101 ‘€ON ‘YOS ‘M 8N ‘BN eD ouefeq ab.seyd syi 01 Apuediyiubis Buingiuod 'e'1) Suoied pue suoiue Jofew | Joj paulweep
ok eyl sajdwes AjuQ ‘susuodwiod eaiwsyd Jofew Jo sseyuared ul sa|uesled-0 pue QT YlM SUOIRIIUSOUOD Uelpaw enuue z'g a|gel

€002 S}nsay - poday [enuuy S1OVdINI



99

"KPAIIUSSI ‘0'G MOP] PUB §'G SA0TR SeM Hd USUM Lo R [Noed [EOIISIRIS 84} U1 () 0} 105 8.8 A1 |V PUe 1] JoJSIN[eA poinses A P POWNSSe SAJolep

(G01-67'9) (00%-00'0) (6evT-529) 0 G TTLY) (901-1°85) (oot-8'8¢) (€09-028) (8£'5-00°0) (cze-T91) ©T2-L5%) (961-65T) (Tor-8v€) (€0T-00'0) (r'o8-z0v) (820000 (€00-10°0) (88'%-55%) NS
s0'8 000 126 9L'9 6L 29 ] 000 T6T 996 €T T/ 000 1'ss 000 200 €Ly 25
@Le-Ten) (08'9-00'0) (766/T-622T) 0 (0'6v-€'ST) (gzT-9'8¢) (09z1-8'1S) (ze52-9¢5) (25'5-00'0) (est-erL) (ess€T12) (9zv-9vT) (09eT-08T) (60615 (LesT-g9v) (06'2-000) (600700 (Evy-6Le) 1
79T 000 06EE [4>3 119 szz 2ot 000 €5 6€e 81 168 08T £06 SL0 900 €07 %
(rovr-zer) 09%-000) (vE€02-668T) 0 (T2e-TTT) (c61-8'85) (e6ET-0T) (t962-86%) (85'8-00'0) (9z2-€6'9) (€15€5T) (86€-9€T) (og8T1-162) Evrvey) (€LvT-€TT) (00%-000) (600-70'0) (€Lv6LE) &
z8l 00T 029 0'se 168 119 S6ET 000 L'v9 582 9Tz 665 YE'ST €58 or'T 200 Y 4%
(€z5621) (00%-000) (ev68-G9v) 0 (r'ss-zot) (6.1-029) (ce9-2'19) (TTLz-16v) (96'€-00'0) (0'65-60'7) (0°09-0'T) (S2€-0T) (919-6t2) (€0v-60) (ot91-5°€6) (r'2-00'0) (tz'0-10'0) (€5v-89°€) 2
08T 000 (i z6T v'z8 e 600T 000 18T oT'TY 62 o1y €L [:'4 oze 600 80 85
(6'8r-T€T) (00'8-00'0) (8z9T2-¥582) 0 (6'8v-L€T) (9zz-5'9v) (TLvT-66T) (8562-909) 0'11-000) (eve-2£G) (6'89-TLT) (8vv-€LT) (26zz-952) Oov-zeT) (ToeT-811) (T°02-00'0) (Ge'0-€0'0) (95v-6L°€) -
€61 00T 0661 9Te 86 v 900T 000 952 08E STE o8y 6TT oy 092 yT'0 S0 €8
(tze-sze) ©019-00T) (ceoLz-0ELY) 0 (Gv6-20T) (269-6'2¢) (60T-+8T) (otze-Tv9) (951T-5°€2) (2v6-vTT) (901-0L%) (OvTT-v0T) (¥S95125) (T25119) (TS0T-2°02) (r'e6-88°6) (reT-87°0) (85v-€5°€) o
109 0€T 0E9ET 00 90¢ Lty 68C 86T sy 6v'€C £9€ 1997 [4>4 sez 0509 ¥6'0 00 %
(68'5-T€T) (TvT-0E'T) (ov60z-0872) 0 (6cT-2eL) (68e1'1E) (T95-T°2v) (68e5€9%) (e6L-20T) (S95-T°€L) (028-8v°€) (585-1°58) (g182-6€2) (5°02-00'0) (689-00'0) (ve-001) (¥9'0-91°0) 8L9-20€) 414
6v'C 092 0069 g6C 424 evT /ST 282 122 SET 0sT 020T 95°s 086 98T €0 Ty 16
(2e€0T) (0ze-000) (06EYT-0¥9T) 0 (8'56-12'8) (S0z-€22) (eLe¢€2) (S00v-L8) (s8v-22S) (29¢-9'89) (©0L-192) QreTTY) (SeTz-Lie) (9°91-00'0) (686-9°€T) 8'82-02°2) (c90-210) (¢6v-20€) 419
6T 006 06€S [ /8 086 YT 2z ut 70T 82T 818 186 6TT 97T €0 15°€ 15
0 an an 0 (6 m%ww €) € ﬂm%ﬁm 1) @mm. M%Nv Amomawwmd poww v2) © m%%m 7) (4 mm.%ﬁo 2) (e8 NHN& ) ﬁsmﬁ% ) 0 0 0 0 (08 %ﬁ .Nw €) o 49
0 an an 0 © oow.amw 0) © mM.% €) ASM. w« ) aﬁw mw €6) Qﬁ%s (4 v%wm 2) (4 mmam.ﬁw 0) (6 om %\ 2) Amnw.w%s 0 0 0 0 (c8 mvoww €) & oM
€002
(901-€6'9) (08-00) (gs6T-€V2) 0 (0zTv99) (8ET-1'99) (Let-Lev) (18L-415) (tz'2-00'0) (T'6¢-9'ST) (G'68-8'1%) (Tv2-65T) (286-v€€) (62'2-00'0) (T'9v-0'02) (000-00'0) (9900-8700)  W6v-er'y) NS
€8'8 o€ 0STT sv'8 T8 0L 209 000 66T 928 00z 96€ 0 062 000 €600 17A4 %
(¢62-0L2T) (06-00) (ogovT-vEL) 0 (v'6v-20T) (08T-L'L¥) (156-9°62) (€152-L5%) (000-00'0) (091-90°) (9'8v-'81) (eze-za1) (¥82T-29T) (22-1000) (695-2'6T) (20'0-00'0) (980'0-0£00)  (92'%-16°€) 1
(443 o34 00y L€e 9TL 90€ €1 000 65T 962 981 185 06'8 zre 000 500 0% 14
OTr68721) (09-00) (0g6vT-GEVE) 0 (€Le-121) 8LT7'9v) (090T-€5T) (resz-z8L) (000-00'0) (9ge-2°01) @Tr-021) (28¢-0vT) (6801-902) (rez-ere) (evo-vvT) (76'0-00'0) (eroer00)  (0Sv28°€) &
§sT 0z 08LY Tre 82L 95€ 20T 000 [434 9z 16T 718 126 62¢ 000 900 07 %
(Tvi-6221) (09-00) (eToL-29v) 0 (Gzezre) (8v1-9'6€) (005-T°0€) (6veZ-1S€E) (000-00'0) (eTT-98%) (0'95-701) (€9e-9TT) (Tr9-5vT) (9°62-6L°0) (Legeve) (G2'8-00'0) (8v2'06200)  (89%-LLE) 21
88T SE 08re 97T 86L sz 196 000 90E 0ze e 86 95's 29T 000 1600 6Ty 8
(7'61-TEET) (1'8-00) (0es.T-80¢2) 0 (T'67-0°TT) (eST-7'9€) (ezzT-811) (ersz-€€9) (16'€-00'0) (c81-81'6) 6rs€TT) (9ev-0ST) (Ge9T-€6T) (9°5e-28'0) (TL7-0TY) (2°2-000) (2090-0600)  (€9%-99°€) j
08T o 0ETS 002 T8 e £96 000 €€ T6C 90€ 97 806 8LT ov'L S8T'0 66 06
(L'91-50°2) (¥5-09) (09852-0€8E) 0 (#0T-9°TT) (r05-01r) (966-8vT) (09z9-619) (evL-G0€) (e£9-201) 016-192) (1S0T-5'06) (z28e-2Ly) ©@0LGry) (L15€°€2) (ce6-08%) (STT-85T0)  (OL17-9L°€) o
8y 07T 0£80T €92 9T 95€ ST e 682 78T [’ 9€0T 80T (32 7’29 100 aY 15
(0'5-28°0) (901-8'9) (820eT-1E0T) 0 (TTT-v8'2) (eLz-0'0v) (eve-gze) (€919-98€) (925€'96) (S05-v'52) CrovLT) (€09-7°€5) (6vLz-€LT) (r'ze-tr0) (0ee-59'2) (¢'8e-g6°€) (88906TT0)  (68'G20°€) a1
oUT 091 [o)724 1T oTT L'v8 Z10T €Te 98T 0T 8eT JE= L€ v'0g 09T 2620 yrad 06
(66'2-Gv'0) (ov-09) (9296-09vT) 0 (vOT-¥8'9) (ogz-6'22) (S22-092) (¥80v-GLE) (sve-zvL) (09z-v'9v) (6'85-70'0) (Sev-8ev) (¥68T-1LT) (€2°€T-000) (osT-v°01) Gz-8272) (9e5'0-T0T0)  (¥1'G20°E) 419
0T 06 SL98 78T €58 589 006 8vT SeT zz 60T 98y zee 8¢ €21 6,20 16 %
0 an an 0 (€] mu,.%ﬁﬁ €) ﬁow.ww 8) Ammm. Hﬁ%s ao_mm NNo: ﬁnww v2) @ m%Mm S) € H%m.w@ T QHNH. MW S) amww V) 0 0 0 0 (G6 % .Nw €) " g8
0 an an 0 (@ mNwam T) (4 mw%m S) Aw_m. m%d Qmwwﬁ v8) ﬁmm. m%u @G wﬂﬂ €) © HNmN.wO 0) 4 m»m.mﬂﬁm 2) anﬁ. wv v2) 0 0 0 0 (€9 ww.ww €) 5 OM
2002
(Got-zrs) ¥1-00) (veL1-500) (T°91-00'0) (ov'8-L67) (€2T-8'65) (eTT-6'5€) (oL-5vv) (G6'%7-00'0) G1e-TLT) ®'96-C1r) (2v2-09T) (Teg€2e) (26'2-000) (r'22-606) (000-00'0) (050'0-8000)  (8¢'SeLY) NS
6.8 0T 0.6 000 €9 568 129 108 000 STZ %9 88T 89 250 69T 000 1200 6y €5
(7'62-66'0T) (21-00) (ovs6T-9vre) 0 (6'95-021) (¥0z6'L5) (68ET-€LT) (eovz-eLy) (2'2-000) (081-79°9) (\scga] (90g-221) (TTST-66T) ©O1v€29) (695-G'5v) (28T-000) (¢80'0€200)  (SST¥8°E) 1
00'9T 0z 056€ [3:3) 196 6z 8GET 000 66T ree 96T €65 1502 282 000 €500 207 ov
(L'12-96°'TT) (€1-00) (89v9T-8vT2) 0 (€LevvT) (281-G'8¢) (6STT-15T) (ozzz-06v) (€'01-00'0) (28¢-66') (TLy-zen) (662-€vT) (€85T-96T) (ree-LTv) (126-8'8¢) (tv'2-00'0) (0T'00v00)  (Yy-v6E) &
09°9T 0T otL€ zse zs8 uz eyt 000 €5 09z 20z 66v £5°8T 162 250 €900 60 S
(9°0e-29°€T) ¥1-00) (ove9tT-vove) 0 (eLveLe) (zz-5€s) (e60T-v6T) (¥8TZ-6L€) (91'9-00'0) (0e5-01'9) (e'8s5-12n) (60v-LvT) (¢66-2v2) 6vr-1eT) (299-6'82) (T'01-00'0) (6120v200)  (ELV-/8°€) 2
0z'8T 0z 0.6 19T 198 414 106 000 314 X43 62 25y TL€T 223 092 1600 (437 08
(5'8e-zL21) 81-00) (8zLT2-8872) 0 (9'55-9'TT) (r2-2'15) (og9t-2L1) (vove-155) ©9'21-000) (992-89'6) €v5GvT) (605-8.T) (6e9T-€EE) (e'9v-95T) (805-7'€€) (0'0v-000) (8e5°0-2€00)  (GL1-/G°€) H._
06'02 o 0979 TSC 166 ovy 12T 000 v'8L 0Te 09€ 6vS 1002 €61 90T 0120 16 8
(G11-50°€) (€5-09) (OvLvz-99v2) (097-000) (cot-9'61) (005-80T) (9v8-29T) (85T9-68TT) (9z11-9°€2) (6v8-6v2) (€v8-0.8) (218-26T) (2228-152) (2'€2-98°0T) (Tvv'€2) (G'96-€'0T) (¥82'T-0020)  (65'G-9Y'E) o
86'L 002 STLET 000 188 2w €0 182 L8y 2oy 608 157 ¥8LT 86T ort 115 080 ir44 %
(607-85T) (95¢'8) (0g9TT-0VEE) (r'2-00'0) (Gz6-521) (22-6'99) (51€-9°09) (90ve-€229) (96v-2€T) (cov-v01) (0's2-20) (e8e-50T) (686T-2L2) (rve-eee) (TETC ) (ree-LoT) (¥150-2020)  (2'GLTE) 414
a8 002 0065 000 8'9¢ 2zt 188 92sT stz otz €91 981 9L, 989 vy 08T S0E0 oY 28
(9t'2-06'0) (e€v) (€88-8082) 0 (6'69-0°TT) (902-6'Tv) (svz-6'sv) (0g6z-165) (29v7-ovT) (c62-6'58) @1556€) (592-8'89) (v0LT-292) (Tv1-98T) (9'86-0€T) ('sz-€68) (9sr0-€LT0)  (92'G0EE) 419
vST 00T oget v'ze 128 TEL TOET 34 €51 L'sT 8eT 119 6T'S oY SYT 92’0 96°€ o
0 an an Q.m..oo.e 6 mN;.mm.Nv @.mm..S 6) aﬂ..o.mu (5v8-vST) (20v-919) (4 wm..g.e a.%.é 2) Am.ﬁ.é.ms (895619) 0 0 0 0 @m.m..% €) 49
000 176 S6T 719 Tee 2z 97T %8 192 69T 9y 5%
0 an an 0 @ ﬁNN%M T) © o%wﬁm 1) sﬁwﬁ. Hw@ awmmNs Qmw vS) @® Mw..wﬁ S) (4 NmNm ww 0) @G Wwﬁ S) amww%u 0 0 0 0 (es wﬁ .Nw €) o oM
T-16w 1-16M 1-16M T-7bert T-7 berl T-7bert T-7 berd T-7bert T-7bert T-7 berd T-7bert T-7 berl T-7bert T-7 jowr -7 jowr T-11d Bw wuySe3 1002
YOSYH doL N-oL Aty 410} -0 €ON Zvos +PHN + +eN +2BN +280 oy 117 oo AN Hd dsSL

buld ueysai |

€002 S}nsay - poday [enuuy S1OVdINI



L9

's315s Bujduwes 8.} WoJ) ale eep Jolem Weals "ApANIedsal ‘0°'G MOp( pue G'G anode sem Hd Usym UoiIe|nd[ed [eansiiels ayi Ul 0 01 18s ale AlUIey |y pue ' 10} SanfeA painses \ elep paLINSSe Sa10uap

(62'9-0L°0) (otT-6'%1) (6v2-96€) 0 616v7)  (eeeLTD)  (GSE-000) (9/v1-18) (0'69-80°0) (Let-2'52) 6'9v-11'8) (ras€82) (zevz-682) (te'e-92°0) (0'52-00'0) (0v'S2-000) (GT'0-10°0) (€52-1L€) - NS
65°G 128 06 956 x4 18 661T €52 TSy STE 8ve 56 €T ST 05T €00 €97
(82'589T) T1EvvT) (€08T-G25) 0 (0z1-950)  (ree099)  (079-000) (otv1-812) (6T-000)  (0cs6ve)  (86E-92'8) (e8e-€'55) (268-952) (25280 (Tvz€11) (96'7-00'0) (r0'0-10°0) (or's-szy) 6 1
yTE STe sty 067 z0e 000 zet ¥10 v'8e 8V ove 18 6T'e 8'6G 050 200 097
(01'9-60T) (T'ze-001) (8LvE-922) 0 (8y-e52)  (6'2z0T) (c02-00'0) (85¥T-95) (0g-100)  (922916)  (6'6EWVL) (ze-6€s) (z28-181) Gzr€Le) (9v2-6'09) (26'5-00'0) (90'0-20°0) (€9v-12'%) ez e
887 0z 295 €51 962 6'S 080T ¥10 (444 92 204 815 6T'L 6TT 05T €00 iad
(oe21eT) (Ozv-ozn) (0899-€5T) 0 (T'ge-sgs)  (O2Lr-TeED) (6€2-00'0) (a8r2-T1S) (eec000)  (TseTe)  (0Le€T6) (05e-8'85) (720T-06T) (9'51-65°2) (86€-T°29) (2'12-000) (61°0-20°0) (rSv-L6€) oz 21
[>44 062 89T €51 v'8e 62T 060T ¥T0 9TL 8T ¥8'v0C vES 0g'9 6TT orez €00 187
(68'8-09°0) (r'vr-6'81) (esTe-tEE) 0 (€95602)  (08r-1€6) (912-00'0) (80ST-LT2) (12'9-000) (911-9°5€) (9°6€-0'0T) (re6'26) (898-25€) rL1-5v'2) (tez-6°€€) (7'62-00'0) (z'0-100) T6770%) 12 1
86 062 9.6 18T LT 168 rans 620 099 L'sT 174 959 8 yTT 000 900 6
(80'5-28°0) (ese€er) (8sezT-9v6T) 0 (2'06-81€) (181-7'8¢) (Tos-052)  (S2€-080T) (181-06°€) (26£-68T) ©Ov621) (129-9€T) (6552-989) (coe-vor) (682-€19) (66€-25T) (T1'2-08°0) (98%-1L€) 08 o1
997 528 6282 VS 968 8'sT 866T 908 162 6'5C SvE LT 07T €TT e 6ET aY
L TT0) (652-8'52) (c099-6.21) (261-00'0) (e11-€6'8) (181-8°01) (Le1-009) (06eE-55€) (08z-8'sT) (S617-€'99) (cot-0L'8) (e15619) (vezz-zre) (011660 (6v1-00'0) (992-021) (65°0-0T°0) (Gr'9-66°€) 18 414
€70 026 8192 682 60 02€ 1374 666 z08 6.1 18T 25T 19 167 ST 0TE 610 €S
821-12°0) (Lzz-0ee) (L199-v8) (61T-00'0) (otT-8°01) (WT-T'TT) (80T-GLY) (TT8e-TVE) (881-99°0) (eev-6'39) (€'€2-60'8) (S6v'vS) (vvez-TE) (v1-180) (5.1-00'0) (T'16-821) (85°0-0T°0) (009-2L€) P 110
240} SEL 58T 000 8°€C r'se (>4 €08 o8y €eT zer yTT o1s 144 8¢ v'9e 110 6%
@v2-000)  (6'05-86'S) (ezT-68M) (0's8-0€T) (otot-T517) (esz€Tv) (9ze-8T8)  (0'868L°9) (STT-€'6T) (829-1'86) (v'9-8T%)
0 an an e zst vz 0408 198 S0t vee ziz 9ve 5z 0 0 0 0 6 g d8
0 aN aN Am.wv..S.e a.&..ﬁd ﬁm.wﬁ..ﬁe ANBS.Q (6v79-621) nﬁ..wN.Nv m.#.mmi a.&..w& @i.s.@: (vev'6L) 0 0 0 0 Amo.@..nmi 2z om
6ee 99 19 vt v8e 8¢ :xas €L 6er 6T €T'S
€002
GL9v10) (T'51-00) (€05-0) 0 (G'51-60'9) (e-122) (912-0e2) (6v1-0/8) ¥8¥-000)  (ESvTve)  (@SE-SE€T) (995-252) (008-GTv) (TT'e-050) (6'1E-25%6) (18'€-00'0) (re004700)  (08'%-9€%) W NS
T€'G 00 9€T 696 e €6'9 £00T 000 8'8E 4 zre 695 8LT €0C €07 2200 Sy
(¢2'9-000) (8€€-0'0) (tee-0) 0 (0816T1)  (98v-056)  (28'8-00°0) (GovT-€58) (1620000  (6's8€62)  (06228'2) (te-101) (9,8-182) (ev'6-82°€) (r'o8-v'12) (25'8-00'0) (€005100)  (2¥-96°€) o w1
88T [a% 89 9T [43) 10'G 80T 050 €85 [}>4 £z 8e9 sy 7'6E T 1200 oy
(ev'2-00'0) (5'88-0'0) (0981-0) 0 Ter-v01)  (GVLTIT) (5v7-00'0) (v6ST-LT9) (Gr'9-000) (69T-T'TT) @1E-Lv'8) (6v£-0'18) (¢68-02) (€zz-oLy) (ovz-v'12) (9'51-00'0) (eor0-5200)  (6L¥-G8°€) P -
95T ve [ 80¢ e ve'L €0TT 12T gor 9T 65T 8Ly LTT T6L 9%€'S SL00 STy
(¢8'8-00'0) (59e-0'0) (9915-22) 0 G9ev8)  (L'e89€l) (¥9£-00'0) (169T-867) (9°€1-000) (erTe) (6'82-618) (09e-9'58) (29€eT-55¢) 00z-L1€) (8eT-2'L2) (0€2-00'0) (812°0-8200)  (OL%-26°€) or 21
16T 6€ oty €L 6TE B2 THOT 08T 208 88T 6T vvs 8.8 609 €Ly 1800 1z
(¢9'9-00'0) (6°0€00) (8112-89) 0 (79-20'6) (SoT-T°€T) (9'68-00°0) (otL1-€%9) cer-100)  (Gse8vD)  (€€EL92) (1v-9°29) (cL6-6€2) (€zz-sTy) (191-9°82) OererT) (ese0-T700)  (SP-TLE) z 1
or'e ST 192 19T z6e se'8 ove 19¢€ €05 79T T 268 €21 92, €e'8 22zro 42
r0'5+10) (5%68-1°0) (7656-9T¥T) 0 (rL16712) (STE-6°€T) (€1EGY) (eLe512S) (00e-2'8) (626-9°6L) (€€L-912) (216-8'88) (00s€-867) (9°ee-€89T) (or1622) (1€2-0'86) (0or1-€720)  (TL%68%€) ez o1
€T TT 8T L'yl 928 Y14 Ut 6'8L vie ;A4 862 0z€eT T2 879 29T 0zt 107
(80T-000 (02z-0'0) (g96€-869) (521-00'0) (es1-66'9) (cer-6°01) (1'58-99°2) (0zL€-122) (8ez-T°91) (TTr-6°5e) (Tegers) (265-0'8¢) (evire-89T) (19'2-€9°0) (€'€€-00'0) v5L16) (06'0-2200)  (TT'9-86°€) oL e
L€0) 9T 99T 000 T0E vLe 0€z 088 1'sS oTT 18T 65T (2 6T 6L 9TZ 9510 06
(S6'0-20'0) (0'86-0'0) (ze9e-g22) 0160000  (ee6esy)  (896-066)  (0'€9-¥0T) (z6z€-902) (eT1-6°€2) (62v-6'82) (r'22-69's) (69v-2'2€) (696T-2vT) (T'01-95°0) @0v-€r'T) (6'9e-80'6) (1ee'0-6900)  (62'5-99°€) o 41
sz0 zT eLYT 000 zse 682 P4 ST8 [y14 00T €51 92T 109 6T oTT €L 6810 [9Y
(TST-00'0) (Tov-Lev)  (@'sL001) (tot-z'L1) (0s0T-221) (S6T-40'9) (v088)  (€8550'9) (911-5°02) (v6-60T) (rL9-16'%)
0 an an 99T 9T TZZ ey 06¢ 58y zst 602 8y eze 0 0 0 0 88’ €
(€0T-00'0) (6'9z-92)  (TTesry)  (@Sr66'9) (Svo-Gv2) (ove-zvr) €8e-Try)  (1-95T)  (022-872T) (08v-€0g) Ev9-LTY)
0 an an 000 126 Lot 622 vz €19 L €6 eve 8.1 0 0 0 0 0 e om
2002
(¢v1-000) (c61-8°€) (800T-28) 0 (ce1-50'9) (0sT-€°6T) (0'0e-18°€) (86v1-102) 110000  (B6Y982)  (E8r-8SC) (5e9-212) (ot2-218) (80'T-00'0) (szvL8) (009-00'0) (820'0:0100)  (06'%-Tt'v) o NS
or'L 9ET 60€ 188 TS 6€'6 156 %€e 198 v'se T8 825 000 07T 057 9100 657
(621-68T) (9€T7'6) (6v57-9v) 0 (6'2zv91) (Sevv'02) (ote-s5€) (66vT29) (g5000)  @6LTL2)  (CoeeTL) (66v-9°€L) (883-80¢€) (t7'2-00'0) (91-2'9T) (05'9-00'0) (¥9002200)  (PL¥60%) 1z 1
069 8.2 926 [3X:14 8L 1'sS ove 9T €€ 26l =4 825 8v'T [N 057 1600 €Y
('91-6°0) 'Lv-2e) (5889-96) 0 6'79-82T) (Sz2-0°08) (00e-2T'T) (es61-€82) (rzr-000)  (G89v0T)  (TOV-S62) (995-911) (558-G'88€) (€'01-00'0) (ege-2'88) (7'01-00'0) Gzrozeoo)  (Lv16E) o0 -
ISTT TEL 68 8'8E 00T 86T 89T 6.0 T9E €12 952 229 197 19T 0z's €700 =37
(¢'£1-000) (6T-8'6) (00g9-08) 0 (r'vo-v'sT) (Lee-0's2) (81€-26'T) (6.81-165) (20'6-000) WST-T'TT) ©esv2) (2T9-2'86) (z10T-062) (€11-000) (992-8'6T) (G0z-€€T) (ovz0ov200)  (08'%-26°€) 2 21
0ZTT [opAs 354 182 588 60T oTTT 8T x4 SYT 261 005 0eT [£41 08'L £900 6Ty
(TL1-eLe) (8eT-0'2) (6.6v-82T) 0 6'26-9'%T) (coz-e6v) (591-95'6) (vv0z-895) (T'Z1-000) (ez-1€2) (ov-£01) (ovv-set) (T60T-25€) (0zT-000) (96T-212) (2'05-08'2) (870€210)  (99%-¥8€E) ez 1
v6TT 8'8C L9 zTe 0eT o€ €T 829 569 TO0Z 05z ) 0eT Pass 0z'8T otz'0 8y
(r'v1-88°0) (gee-T'91) (e0eS-v2€) (£'6-00'0) (yTz-v've) (e6T-L°€€) (69T-T1°€) (ze5e-955) (oeT-£7°E) (T9v-0'09) (¢'99-€01) (2196'96) (agzz-9zy) 8'12-€50) (v1-z2r) (e1z-0'19) (8/12-0560)  (85%-09°€) 6 01
86 Z'10T 81T 000 806 €T 99T STPE GET zee v'6C oze 8T 06°0T 8Ty 00°59T Z6ET s8'e
(96'0-00'0) (t12-€°8¢) (eezr-908) (0ST-00'0) (7'86-70'6) (192-6'12) (S6T-2T°2) (t622-LT2) (021-86'T) (76€-6'59) €Tr-88S) (087-2'19) (9291-8€T) (¥0'T-00'0) (8'€2-00'0) (019-8°01) (26£°0€800)  (ev'9-50%) 9 414
vE0 z98 vE6T 9'0e 80€ €€9 ST 858 vey ovT [oras 0sT 665 000 6e'L 0e'LZ ¥ST0 ev's
(¢£'0-000) (8y1-GTT) (e0T2-09€) (0£T-00'0) ©Tr8rL)  (T6€ED) (60T-702) (8esT-€LT) (20T€6T) (eve-gee) (T'12-€8%) (9gz€2v) (296-9'56) (€6'0-00°0) (8'12-000) (T'sz-v8'8) (68T°06500)  (8L9-T6°€) vz 419
00 209 €8 000 (44 e 8L 95 6'5E z18 €96 [33:] a62 000 vLL 00°€T TIT0 Wy
(r'22-00°0) A CRIRY (¢'1829°6, “Vr-GyE) 829-€°89) 8ST-0'6T, (¢vE-8LE 9'72-88°€. 821072 S0Y-L0€; 959-2v'Y.
0 an an ¢ 6TT b 068 b ey v cqi b 8ve o 0Ty b 0zt b 8’8 b zTs b 68T : 0 0 0 0 ¢ 0’5 ' =
(2'0e-000)  (©/T-€97) WTT-€T'S) (Gzr-86°€) (eav-9'98) (901-2'5T) (L0e20v)  9T-STE) WITv'T1) (882-9°0¢) (€2'9-6TY)
0 an aN 000 o8 182 [ 81z 33 €01 %L TZE 621 0 0 0 0 Ivy % om
16w L6 .16 .1 berl .1 berl 1.1 bort 1.1 bort .1 berl 1.1 bort 1.1 bort .1 berl .1 berl 1.1 bort .1 owr +.11d Bw wupsz3 1002
YOISYH d-0oL N-10L Aty 4-101 10 EON 2/0s JHN M JeN DN 220 oly nop2d AN Hd N 901

‘uens buoyd ni

€002 S}nsay - poday [enuuy S1OVdINI



89

‘ApAnsedsal ‘0°g mopq
pue G'G anoge sem Hd usym Uo IR |Nd e [eoISIeIS aUl Ul 0 01 1BS ae Aliuley|v pue | 1o} SanfeA painses |\ "palds||0d Jou s1ajduwes Teyl Jo paulweep alou S epwefed eyl suesl N BEp paLNsse S910usp
(or-zzr)  (er6.e) (0eLT-4T1T) (v5z-5'€6) qo.@.wN.& Lve601)  (@v8-0LL) (6T-L€T) (000-000)  (€or-TTs)  (@1E-T9) (681-5T1) (v62-2LT) (000-000)  (000:000)  (riv-20E) Amo.o..oo.e (61'2-099)

6€T 0ve 08e Jard 8y YA 9.1 ot 000 192 S0e S9T v9e 000 000 0'8e 200 06'9 & NS
Gv1-r'9)  (0'62-T'ST) (8zzL-0L2) (evr-000)  (06r-9€6) (Sot-€21) (295-6'18) (esTT-6/2)  (€9€000)  (¢0T-952)  (26E-TET) (6.1-0'62) (e88-zov) (901-€€°0) (66£-00'0) (¢15918) (20'0-10'0) (95'9-57) I 1
60T x4 0062 000 €0 €5 4 €8L 000 s 8Tz 20T 2L WL 2z g€ 00 €S
@Tv1-61s)  (20e-0vT) (66€6-6vT2) (20T-00'0) 60v-959)  (22,899) (865-2'29) (c60T-262)  (000000)  (9Ge-952)  (e'8E-0L'8) (961-9'25) (816€28) (096-25°T) (€56-00'0) 0'55-01€) (€1'0-20'0) (€5'9-09%) z e
o8 06T 5089 000 YT [4°4 62¢ 8¢ 000 8 96T €21 215 €99 ovt 7'6E 00 86"
(o9t-o1e)  (0'62-0'ST) (0099-069T) (c0T-00'0) vz (T01-9°5T) (015-6°08) (956-662) (9e2-000)  (€01952)  (L'Sr60T) (261-G°€9) (798-6Tv) (62'6-96°0) (T97-00'0) ('e961€) (61'0-20'0) (r59-€97) o 21
s5'L 08T 00se T2 T 92 102 899 000 s 8T 186 €25 L z1S (444 100 s
(coz8re)  (00ezor) (Te58-€281) (59T-00'0) (865-956)  (T'29-T91) (015-5'26) (ceor-€zz)  (0L2000)  (OWr-952)  (G9e-v0T) (9ze-2'9€) (518-8¢V) (T'0e-€LT) (186-00°0) (GETGTY) (6£070°0) 89-87'7) ar 1
9TL 9€C SE05 (A4 S8T [¥erd 4 66€ 000 €T TET €28 195 06'6 Y14 209 800 s
(€01-83T) (¢go-01e) (88L£T-+109) (802-00'0) (G'09-L0T) (r5e-8'92) (0eL-€02) (T0eT-962) (5r9-8'9v) (S5v-1°69) (G0e-0.'8) (€0v€28) (8eoT-66€)  (6'9T-ZED) (T21-00'0) (58Lv2T) 61T-070) @r9-5ev) 15 o1
ozy 122 0026 9TE zee 088 zze 859 <81 [4r4 TET 681 oLs 09'L 615 182 890 s
(G0v80) (Tri-Ter) (8STYT-09€E) (882-00'0) (r'22-021) (Lez-zse) (8vE-228) (99z1-612) (c8v-916) (226-6'99) (c'6e-0L'8) (8rz-62¢) (888-602) (855-220)  (€'25-000) (rse-0'1L) (50210 (68'9-657) &  did
8T SvT ovz9 ot 1z €89 i 055 9Tz 8vT YT ovL iy 652 000 15T 820 %€'9
rz-vs0) (eLz-zey) (ot06-68v2) (66T-00'0) (¢'65-L16) (€€T-5'6T) (9zz-01v) (888-€02) (L2e-r2) (822-6°0v) (0'2z-08) (99T-L12) (61L-89T) (tr9-ze0)  @€r-000) (6.1-2°05) (15'0-90'0) (95'9-05) & 410
20T 8TT Sty £€6 S9T 86 0T oLy €81 v'v8 TET T 662 eTT 000 586 IT0 88's
an an an an an an an an an an an an an an an an an an 0 dg
TT-000)  (rTT0ee)  (96T-OVY) (9zT-v'92) (28e-2'88) (esz-T'9v) (0ec60v)  (Tersev)  (G91-000) (S0T-0'8T) (o1'5-98°€)
0 an an 000 89'G 521 1oL 68T 12 zot e €28 6% 0 0 0 0 &Y & om
€002
(9t-621)  @2L52L2) (vo0T-2TT) (sz-0v1) (6'529€)  (6'8cver)  (1'65-82°8) (coz-2€T) (000-000)  (G0T89Y)  (Lww-9'Se) (90z-1vT) (99z-26T) (000-000) 0 (teze86)  (62006000)  (20'L6v'9) e NS
51T 9'8E oz 14 €97 v GET vLT 000 WL [ 2T £z 000 b SYT ¥100 89
(r'81-0v'8) (2'82-6'0) (T182-229T) (821-00'0) (5'85-88°8) (Sz1-2°9v) (128-0'8v) (9geT-262)  (Te1-000)  (@L6TE)  (0995722) (99z-901) (6ezr-285)  GVI-OT'T) (0v2-00'0) G0s-8T1)  (1600v€00)  (68'9-85Y) 5 1
98T 6 otsy oLt 6€C 008 oze z8L 000 LTI g9 oSt S9L oreT 000 T0Z 9500 €S
('s1-28'9) (009-60) (008v1-G29) (86T-00'0) (6'05-21'6) (Ter-8°€e) (T26-9°G¢) (Qzvt-zsz)  (6T1-000)  (@954TS)  (L'SS-TOD) (o9vz-8'58) (88zT-9zv)  (TT-9v'T) (L2e-000) (ov-66'6)  (G21°09200)  (18'9-S5D) 6 -
95T €01 0019 000 691 969 90€ e 000 vEeT T6C SvT 969 659 LTy L1z S¥0'0 208
(G'81-76'9) (009-8°€) (TvETT-895) (7ZT-00'0) Gzr-9TT) (761-8'12) (708-T°8T) (cgoT-g6z)  (€Tc000)  (652572)  (T'SOTED) (662-9°92) (€60T6L8)  (Q0T-9Y'T) (c€1-00'0) 126T1)  (e8T°09€00)  (89°'965Y) & 21
67T 802 sesy 000 802 T'€8 082 veS 000 r8e TYE >t 569 097 85 692 .00 ®Y
('62-8L€) 6L2TL) (c99v1-269T) (ev1-00'0) (0'0e-08°8) (0sz-6'72) (106-7'85) (r9zT-962)  (6°€€-000) (66T-G'TT) (1'52-06'6) (Szvr-2'99) (oozT-868)  (T91-922)  (596-00°0) (2vT-7'81) (995°06900)  (12'9-18%) o -
9e'8T LTT €605 £ 99T v'v6 T6€ 09€ 000 T08 €€ T 80L 801 000 1’68 ¥oT'0 S6'S
©TT-97'T) (rT7-9°0L) (eqoeT-Z107) (¥02-00'0) (oe-vor) (181-8'8T) (855-€ST) (0seT-202) (e6z-7'29) (8ve-02L) ®¢erz6s) (e856'19) (958-092) (6,6-95€)  (1'8€-00°0) (8Lv-581) (9e0'T-2870)  (92'9-98) 5 o1
697 oSt 0559 Loy 88T 118 €0€ ses oTT ot T2 85T €85 29 ¥0'9 23] 02,0 er's
(€€2-69'0) (Gve-LvL) (eves-sLe2) (8£1-00'0) O1r-592) (0sT-€°6T) (98z€°2€) (69TT-€6T) (e82-G28) (vez-2'28) @erze9) (c0z-5'9¢) (SeL-TvT) @8e7-000)  (8:02-000) (0zz-8'6€) (92r'0-90T0)  (€99-25%) s 414
ST SeT sezy ST9 06T 519 T€6 > vl 60T LY T9L 8L 192 000 2t 1220 909
(eeT-2£0) (80z-€°05) (0ee9-658T) (85T-00'0) (eze-L19) (STT-T°91) (vE2-T°08) (828-15T) (212-0'62) (ToT-€°0v) (Te-€5s) (601-9'92) (eL51'16) (9ezro)  (00e-000) (681-7'62) (€92'0-1200)  (159-05%) @ 410
SL0 06 ovey Ty 9YT €L 16 24 zeT €6L zst 855 282 €8T 000 €6L 6510 18
an an an an an an an an an an an an an an an an an an 0 dg
(085-000)  (®0TZTE)  (L6I-OV'E) WTT-T°2T) (692-9'59) (¥8T-2'62) (r61-282)  (691€60)  (T'€2-€9'S) (oot-€£91) (e'5-507)
0 an an 000 ws 8’6 96e ozt 809 vzl 8v'9 zer 6% 0 0 0 0 5% & oM
2002
@sr€er) (o) (96ET-+TT) (59z-891) €11-85T)  (€28€D)  (995-907) (coz-80T) @G1000)  €VIves)  (Q0r-L9T) (0zz-0z1) (08z-v81) (65°0-000) 0 @s1-9Lv)  (62000000)  (8T259°9) o NS
SYT 0TE ovy 34 062 T8T 79T S9T 000 S8 Ll S9T 74 90 b ST6 9100 96'9
(ez-go1) (9€2-80) (otoot-zogy)  (1'€€-000)  (FELTET) (y1-0€2) (029-¢'28) (ov1-681)  (008-000)  (L1260%)  (r8yvLT) (192-2°06) (118-182) (96-80T)  (1€000)  (GET¥SY)  (95000600)  (FS96TH) T 1
[z 70T 0828 000 [3:12 g8y 98e ovL 000 81’8 0l 19T 665 AT 1374 19%6 6200 =14
(ev1-€98) (6'5252) (e6e6-286) (ee8-000)  (g'e9-TOT) (ET-2'ST) (205-0'95) (oseT-ovz)  (OTT-000)  (€Ze-292)  (T6r67TID) (202-6'56) (estresz)  (@@eey0)  (@2€000)  (0ge£89)  (0600€200)  (G09SeY) o -
T 6T 00s§ 000 [2>4 TOY Ut 189 000 82T 154 61T 69 v [2>4 9,01 €500 8Ly
(€ST-ETY) (O1262) (T125-282) (g'8-000)  (rev-sor)  (L06-/8%6) (6ee-zee) (rrT-628)  (962:000)  (T'884T9)  (G€SLTT) (esz'16) (es8-01€) Evsert)  (E6c000)  (6Se8T9)  (T9T0-Tv00)  (96'GESH) o 21
<88 zor 0562 000 8T 344 ST 69 000 (444 [a4 091 Y ey L've 19°6T 1900 667
(€zr-82%) (9€8-87T) (00e5-790T) 0 ®'9z-L€T) (STT-6'12) (25e-9'82) (5s8-5t2) 8'2v-000) (cer-sry) (Gov-€5'8) (82€-T11) (Ge8-z82) (tretwn)  (seeee)  (€18-52)  (Tev0-8.00)  (90G-GSH) z 1
oLy 0'sT 0z6T 8T 128 829 89 'S 8'se LTe 9€T 66€ e 258 ov've 911’0 6.7
(6e6-22€) (TS-€'99) (e6vTT-8908)  (902-000)  (O¥S-SOT) (ee2-922) (879-9°06) (e€eT-15T) (¢tr-9€9) (€69-9°€2) (8'Te-607) (e82-2'05) (898-691) ©01-0L0)  (5T2-000) (zes-zot) (8eLT-TSE0)  (€29¥8'Y) % 01
£6'S 69T 0229 TSy £Te 909 202 95 96T 6vT 0€T €T 207 €T 000 00°2LT 0090 19
(€9'50r'T) (889-128) (8850T-9852) (¥81-00'0) (€'99-7'01) (T0E-T°08) (92£-8°6€) (28€T-95T) (185-2'66) (925629) (€es-€e9) (80e-L'Tv) (85L-LvT) 6r¥e0)  (€TL000) (eLzv8e) (5e80-0TT0)  (FOL-T8%) s 414
99T 96T ov.S TSy 1T 569 098 06€ (54 rad LTe TOL zze €Tt 000 00T 1620 €€'9
(55%-89°0) (79e-1°58) (8682-2.8T) (291-00'0) (€ro-ere) (69T-0°LT) (82-T°22) (tzer-st1) (8ev-T'79) (Tr-€61) ®9r0°€) (Lv2-0'82) (06L-10T) ©ov-L00)  (€€T-000) (86T-8'GE) (19'0-00T0)  (069-99%) o 410
>34 €TT 09vE 333 T9T o6 5.8 [7] 621 o33} 00T 7’98 16T L0 000 1'5L 0020 80'9
an an an an an an an an an an an an an an an an an an 0 dg
9250000 (€ST82)  (©/8709)  (@98-€T) (T5e-v'52) (ete-9€2) (0gezre)  (09esee)  (8Tr-000) (891-9'58) (05'9-66°€)
0 an aN 000 £0'8 911 oy w1 1’58 6 00T 8T 685 0 0 0 0 iy € oM
16w L6 .16 .1 berl .1 berl 1.1 bort 1.1 bort .1 berl .1 berl 1.1 bort 1.1 bort .1 berl .1 berl .1 owr .1 owr . 11d Bw wupsz3 1002
YOISYH d-oL N-01 Ay 4-100 12 fON 20s JHN M BN B 220 oy v nojod AN Hd N 10

bue eir rD

€002 S}nsay - poday [enuuy S1OVdINI



69

"ApAnsedsal ‘0°g mopq
pUe G'G an0de Sem Hd Usym uoie|ndfed [eallsies ayl ul Q 01 s ake Aliuiey|y pue 'y 1o} SanfeA painses |\ "palas]|0d Jou Siajdules ey J0 pauiwePep alou S| epweled Jeyl suesw N Bep pawnsse Ssjousp «
(trev02)  (2'8y-861) (0£8-802) (otT-2'89) (re-000)  (58+8€)  (Ozee9r)  (Covvee)  (evz000)  (Orsozz) (98,200  (ve-Ter) (¢'156'5E) (62°0-000) (Gev-000) (0'0-00'0) (99-2v'9)

L T9€ 0es 118 000 ¥9's A 9'5e 000 601 008 902 (414 00 0 80 100 959 wooms
an an an an an an an an an an an an an an an an an an 0 fa
(1ge-250)  (T'22-80°0) (€202-8TT) (¢zz-000)  (€90-000)  (821-€0°0) (€£2-00'0) (60T-8'T€) (0010000  (98120T)  (B0E-SV)  (T'69-T6T) (g62-922) OvT-TT0)  (€'6T-000) (Gev-000) (€0'0-00'0) ¥T'9-06'%) W -
k4 vEeT ovy £6'S 000 80'S 00T 29 000 952 LTT €92 [ 050 0% 000 100 vZs
(88€-000)  (£'52-000) (0zze-gotm) (0120000  (OT€000)  (8SC-Gr0) (T£1-00'0) (c616'19) ¥0T-000)  (T'ST-150)  (G0e-€9y)  (6:09-89T) (Szz-0'52) (eev6e0)  (6°0v000) (L7000 (50'0-10°0) (687-29%) o 21
%'T 92T 0€9 000 000 Lot vz ort 000 2L 00T S0E 1'6G 8LT L've 000 200 6Ly
70000  (¥2€00) (evL5625) (6020000  (91€000)  (€0v-9272) (g6eT2) (2£7-9'89) (9820000 (@sr8cT)  (TTe8LY)  (96,882) (roL7'0v) (egs€z0)  (I'75000) (8'S7-00'0) (1€'0-€0°0) (€z'58ry) 15 1
8 9'sT 0/€T 000 €50 T2 Ty 7’26 000 69 98 €5y 20t 82 0€T 99°G 100 67
(v112T0) (009-8'28) (9z8eT-TEET) (¥9T-00'0) (897-000) ©OzT-T91) (583-9°09) (eL5219) (€28-9TT) (e95€°22) (7'02-69°'S) (691622) (ov9-zot) (856-860)  (5'82-00°0) (ove-vvT) (¥02-€6'0) (80'9-L5%) oz 01
0 29T e [as] 16T 812 €T 74 96 9T > 508 [:4 95Y 58 602 €21 'S
(2€'0-000) (8016'L2) (968€-0L5) (00T-00'0) (G69-000)  (€296es)  (ri6-TLG) (cor-9°9¢) ('08-58°2) (evTvze) (ge-9zy)  (6'89-GTT) (r82-9°v) €81-L10)  (56'8-000) (T'15-€°01) (€€'0-60°0) (czo-ory) 66 4
oT'o 34 0svT T8E €92 g6 £ 1724 €62 €99 70T 8¢ 9T 280 000 162 020 65°S
(9z0-000)  (6'28-€'92) (ee0v-059) 150000  (188€50)  (GG-98S)  (5%88-TLG) (res€'62) ('18-20T) (01-922) ©z8Lv)  (r'98-506) (8ze-ee) (Gzz-0e0)  (2'ST-000) (9es-8e%) (8£°0-80°0) (90'9-€5%) W 4
0 vey 09¢T 8Te 89 (x4 v'9e o0zz TTE GEL €11 9V 12T 8.0 seY T 020 128
110000  (00v000)  (G12-950)  (T6STL) (5zz-6'62) (611-982) Gor-82T)  ozvLT)  (8/1-59°T) (0's8-6v'2) (25'560%)
aN aN an 000 o % 98T 509 98z 85t 00 6y v'6z 0 0 0 0 €Ly €
(€62-000)  (OTv-000)  (6,6-820)  (005492) (181-6'12) (zet-268) (6zt201)  (6€L-280)  (T'91-222) (G'66-78'S) (Ev'S-10Y)
0 aN an 000 o w7 61T 595 108 2y 197 224 56T 0 0 0 0 €Ly € om
€002
Gr8-g89)  (99e-z01) (T18-512) (rez-5'18) (05T-000)  (67T1206)  (@SC-901)  (@vrvoe)  (OL2000)  (069-.£€)  (1'S8T99)  (L2-0°8T) (6L1€€V) (80'0-000) 0 (6Lv-000) (1004000)  (2'L2€9) 05 NS
08'L zTe ase €01 000 w6 TO0Z 6'5E 000 60'S 9L €Te 98L 000 000 6000 9L'9
an an an an an an an an an an an an an an an an an an 0 la
(ee'€-000) (0ez-0v) (6vLe-1€) (6'9%669%)  (92T-000)  (¢c'82€2T) (¢81-00'0) (80T-7'5E) (€v2-000)  (er€re)  (Goe6ES)  (6'959°T2) (eee-0'28) (020000)  (60€-000) (092-000) (52002000)  (#2'9-92°S) 15 -
05 99T 197 LT 000 196 81T 90L 820 9 STT €82 €08 110 000 000 €100 66
(91°€-96'0) (012-L'0) (T16€-0) (T0T-00'0) (€97-000)  (€0r992) (S6T-00'0) (29z-819) 8950000  (@¥2€92)  (LL/T6vS)  (8859T2) (S05-L1v) (re2-000)  (8€T-000) (08'6-00°0) (¢80'06000)  (L2'9€9%) W 21
152 6T 9zy 000 2’0 ver o€z 12t 000 90T TOT 128 Tv6 %0 0g'L 000 €200 60'S
(c9€-000) (€82-0'0) (r1EE-68) (€88-000)  (Gg2000)  (T'€L-GEE) (Grz-€ve) (2s1-0°€L) (reT-000)  (@9evee)  (L0e8S)  (9/86%82) (926-0'59) Ery-or0)  (0€T000) (6'9e-20'0) (ete0-T700)  (0£'929%) W 1
€0 08T SYOT 69T LT 62T (14 €01 s €€l [aid 32 SvT 8T 000 506 €ET0 0e's
(€z12r0) (9ge-€'99) (ogsTT-T1ST)  (281-000)  (80V-60'T) (Let-22n) (262-815) (01€-9°55) (0'92-590) (LLv61p) (€22-602) (STT-T'81) (6se-0LT) (999-960)  (£06-000)  (80Z€z-L0T)  (955T-5890)  (OT'9-62%) % o1
190 15T [§33 9'89 8T 9 SeT 666 €02 8eT 89'L 119 [>54 09°€ €97 981 81T 186
(€0-10°0) (ot1-9°62) (Sozz-9) (69T-00'0) (007-€90)  (€99-189)  (5Z1-000) (25T6'9%) (€9589T)  (€s6cel)  ([ETesoe)  OVEEYT) (20z-011) (85T-000)  (082-000) (€£°05-9°TT) (8e€'00L00)  (5v'9-¢8') 05 dud
600 v'19 89 [o3%] vLT g9T 85, VL 09T 818 oL I3 218 €70 000 v'0e 0910 23]
(91'0-000) (Le1-6'52) (sv8-191) (60T-00'0) (re€90)  (€Te289)  (STT-000) (cer-6vv) @12-000)  (€868ve)  (LTI-05€)  (Ceeven) (261-0'28) (8'0-60°0) (0£T-00'0) (rvv-z8e) (esz0-€500)  (6'9-€8'%) € 410
500 [334 1544 9°€e T TOT 899 S'SL vyt 128 9 v'Te 92L €0 000 ST 2510 996
(291-00'0) (ee-000)  (G6120T)  (E6E-BTY) (ze1-8'82) @z865€)  Wwer-ite)  (07Te18T) (L/1-/8°%) (€0z-2€T) (02-25%)
an an an 8L oTT 'S T 8y 512 oy €S 56 STo 0 0 0 0 1z5 o a8
(¢L1-00'0) (8e2-000)  (O¥1-000)  (6'+E-T2'S) (¥11-8'92) (SoT-6£°9) (vor-oee)  (TvI-60T)  (G¥I-62€) (902-T'TT) (06'9-68%)
0 an an vT'6 680 %9 60T 9y 79 €Ly or's 0£'6 ey 0 0 0 0 s W om
2002
©21687T) (96v-8%) (0s61-6€5) (08v-20T) (0v-000)  (6266v8) (8020000  (BeveT1e) (060000  (G6859€)  (9'06-0°2L) (S6v-8'02) (8revzy) (000-000) 0 (c€'5-000) (2e0'0-2100)  (8Y'LTL9) ar NS
¥5'oT T8 8SET 68T 000 €28 YL v'se 000 s 618 9Ty €81 000 000 1700 6z,
an an an an an an an an an an an an an an an an an an 0 la
(G6'2-8v°0) (eve-62T) (8262-668) (682-212) (69'€-000) (T1e-2'01) (v62-L1'E) (¥8T-7'08) vy-000)  (68T-9.T)  (8ECETS) (61T-7'92) (r29-8°€€) (65T-000)  (000-000) (¥8'€-00'0) vozroo)  GeLrs) o -
oL L6 TL2 9€9 000 €L 6e'L 90L 000 696 7EL €55 16T 000 000 0zt 1100 vT'9
(e1'6-29:0) (221-0°01) (18v.2-2€CT) (vez-8°01) (08'€-000) (L12-29'6) (vOr-v0'v) (Tv8-v'Sv) (6150000  (9rz-0r€)  (€02-099) (€9T-6'G2) (9et1-068)  (00-000)  (YO'T-00°0) 00'5-00'0) (980'06100)  (52'2-60°S) P 21
69'S [444 €v9E 0€T 000 vEeL 9YT vET ST zst oTT 605 95 000 000 090 €00 089
(1'6-9v°0) (rvz-2'6) (cez9-zett) (80€-00'0) (6T%-000) (6€T-6L'6) (962-0T'5) (6ev-8'62) (rve-000)  @0v-26T)  (GTe¥S2) (€0T-0'GE) (228-z01) (0v'0-000)  (870-000) (6'£1-000) (¥62°0-9€00)  (8Y'LS6'Y) 2 1
oy 6E szey 589 000 TEL 9€T a8 %€eT TTI 621 125 962 000 000 €00 911’0 889
(€0'€-000) (526-00) (e9,vT-1E58) (8e€-0'0€) (tz's-117) (otz-5'1v) (0ST-T'%T) (892-T'19) (6'62-000) (061-8'29) (r'62-L5%) (¢ze-6's5) (Te5€L1) (re9-6,0)  (286-000) (esT-v1'0) (0zy'1-0050)  (06'9-8T°S) n 01
6LT 3474 086TT 86T 6L 1T z€6 09T [l z96 0'sT 8yl TEY €6°€ 000 556 7980 €19
(15°0-000) (911-00) (12£50) (ear€€s) (eeL-LeT) (e8T-0L°9) (otz-0£°€) (882-€'8v) (6'9€-000) (0ez-6'9¢) TL1-29%) (8r16'T€) (995-6€9) (000-000)  (000-000) (052-100) (Tor0-0TT0)  (LTLEr'S) g 414
000 00 0 s0¢ €97 7’99 8¢ 65T 19T 0oL faid 0'sL aee 000 000 €00 6620 S99
an an an an an an an an an an an an an an an an an an 0 410
(evE-00'0) (rz'7-000) (101-292) (GeT-50°€) (2616°08) (res6e1)  (OreveT)  (Oveeoe)  (€vLesh) (8ev-0'0T) (Ge2-29%)
0 aN an 000 e TT9 0£9 0TL VT 89 109 TTE 62e 0 0 0 0 6 o a8
(80€-00'0) (€7-000) (95T-19°€) (T'9T-6v'%) (ST1€22) (T'99-895)  (189€6T)  (e£8-962)  (L180Ch) (0zv-12'8) EvL-eLy)
0 aN an 925 sTE 8L 558 v'es T 6ee €T’ £05 8y 0 0 0 0 %075 o oM
416w .16 L6 .1 berl 1.1 bort 1.1 bort .1 berl .1 berl 1.1 bort 1.1 bort .1 berl .1 berl .1 berl .1 owr .1 owr +.71d Bw wupsz3 1002
YOIS"H d-oL N-10L Aty 4-101 10 EON 2/0s JHN M JeN DN 220 oy n nop2d AN Hd N S91

ueys buoo B

€002 S}nsay - poday [enuuy S1OVdINI



0L

"ApAnsedsal ‘0°g mopq
pue G'G anode sem Hd usym Uo IR o e eSS aUl Ul 0 01 S ale Alluiey|y pue 'y J0j SSnfeA painses |\ "palas]|09 Jou S ajdures ey} Jo pauiluielep ajou S| epweled Teyl suesl N BIep paLnsse S910usp
(ee8

(9stzEen) 0000) (95e-8'12) (e0T-8'85) (122 (€6eest)  (GesL0T) Gos6T2)  @zr6L0) (T9z-Len) 6TTE) €zreL1) (€ v9e) 0 0 (087070 (r0'0-10°0) (e8'9-L19) % NS
vovT 500 602 TEL 00°TT €12 00 608 6.0 88T ey 8L zze 082 200 099
(€0'8-9€°S) (01°0-900) (o8oT-€2€) Ov20000  orore)  (Ete9ovl)  (TTe9s5L)  (Eeseve)  (€0r6L0)  (605068)  (L9e€re)  (L6r6ce)  (Oze8y8)  (6czS0T)  (€09-000) (080070 (€0'0-000) (80'9-60°S) vz 1
129 100 0zL TLT or's T 9V 8¢ 6.0 9T S9z 506 S8T 19T 000 or'o 200 €5°S
(ov's-v9€) (60'0-900) (956€-099) (6or-000)  (@€Tv82)  (T'S-6v'9) [Crage )] (9o0t-2°€v) 056,00  (1'€6-699)  (ir-sev)  (0715859) (cot-8v'6) (T61-212) (081-00'0) (ov'0-0v0) (r0'0-000) e50vy) 16 e
8T's 100 056 000 9 68T 76T 98L 6.0 T8 T6T (433 682 Ty A4 or'o 100 oLy
(es8-€vy) (01'0-900) (veee-209) o (rer69€)  (€esTvr)  (2'e8-901) (911-2'19) (696,00  (96-9€T)  (G6r-0.6)  (L056YL) (60T-5°9T) €11-6r'2) (€81-50'0) (08'0-0v'0) (r0'0-10°0) G6v-Try) 2 21
ve'L 100 986 b 199 Sve €92 6€8 6.0 £6C 1T 8T vie T6°€ 009 or'o 200 197
(tr'8-vv) (60'0-90°0) (6122-99%) o @or-€9€)  (8y-Ter)  (299-28'9) (60T-v'L¥) (¢re6L0)  (ESv-9er)  @6r-.56)  (€8e859)  (6'9.02T)  (BET6ET) (911-50'9) (082-0v'0) (90'0-20°0) 60'55%) 0z -
88'9 100 28 h ¥z'8 €T 66T 128 6.0 8¢ €92 8vT Ll e oy or'o 00 897
(022-0v'0) (87°0-60°0) (1852-6VET) (6'0v-000)  (@0T-26€) (811-622) (201-282) (ve€-2'96) (821-6L0) (Gze-6'99) (0sevv's) (eT-€'6T) (5ge-v'€9) (Tor-16T)  (2'T2-000) (902-9'79) (920ze0) (99'5-9.%) o o1
67T 0 ¥60€ e 169 STS z.S oSt r'9e 6vT TOT g8y 821 16'G Lot €21 8r'0 or's
(ezz-8e0) (01°0-900) (T205-255) €15000)  (TETS9D) (€ST€62) Ozr-Le%) (262-928) (02620 (rTE-L°€V) (ree-609)  (T'99-0v°2) (¥8T-9°6T) (€6929T)  (€01000)  (r28-G'5¢) (re'0-0T0) or9-1Ly) & 414
YT 100 2081 8l vL'9 oty YT SvT g6 68 6€T (4 695 e 68T 334 ¥T0 €S
8v'1-020) (01°0-900) (9zzy105) €56-299)  (erzey) (Tv1-9'82) (T'8v-69°2) (80£-5'16) (009620 (6ev-5'19) @9e695)  (1'58-59'2) %wﬂ: (€6€-0L0)  ('TT-000) WTT-622) (ec0-0T0) (09'9-6T°5) w410
sL0 800 GGET 0Lz 999 9VS T evT 286 ST zst [3>4 vor e 000 S€9 610 98's
an an an an an an an an an an an an an an an an an an 0 dg
o aN aN (0000000  (1260227)  (0zs0es)  (9€5€62) (egTv°0V) ros+11)  WTeeee)  (eesr9)  (Sveseh) (LeT-9:s1) 0 0 o o 867-62%) om
* 000 8T'S [4v4 yras 683 96T 01T T8 8T 91§ * * 1754
€002
©v1-501) (60'0-€0°0) (226-802) (otT-T°0V) ot-069)  (€e6e€Tr)  (GSTesT)  (€6e€ST)  (I62000)  (€0e-852) (SzT-0'62) (oov-.0v)  (E88€Ty)  (9v0-T20) 0 20000  (EV00€T00)  (8'9-07'9) o NS
92T 100 965 gz 616 LI'Te [ 324 TTT 902 L0, ST vy o 6.0 ¥200 199
(ror-z9's) (€1°0-500) (e£95-165) (ree-000)  (©OTI6ST)  ('958YT) (Tv1-1'22) (esr-199)  (Ger000)  (Tsev68)  (€v98TD)  (Gorvor)  (egGur)  (€19€80)  (r'ST-000)  (620000)  (S200-T000)  (16'G69%) <« 1
269 100 zzet YT S0'S I3 334 €62 2T 9T 80€ £€e oz 807 0T 000 1100 0g's
(15'6-6L°€) (TT'0-50'0) (6229-9Lv) (990-000)  (@8T-2v2)  (L/SSTI) (622-6'ST) 8T-v'2€) 910000  (r98-262)  (675-501)  (€09-0VT) (T91-€'12) Geoer0)  (0925€)  (620000)  (18009000)  @USTEY) o -
or'9 800 147 000 859 98T STy €8 00T Y74 562 0'8e 825 vze €61 000 9100 0y
(rv6-827) (er'0-500) (0ot2-05%) 0 (T11-282)  (OV9CETD) (ovz-9's1) (eTT-9°61) (0'81-000) (e21-85°'8) ©z9-zer)  (GeLL9T) (921-9'12) (Tge8T) (19S5 (1820000  (OW00€T00)  (18V-CTh) e 21
8T'L 800 99vZ b ¥8's z6T 656 vEeL jra 7'6E 6L LTy 6€S 99°€ sl 000 5200 5%
(ozot-oLv)  (TIT040°0) (cz06-82v) 0 @or-tre)  (€'99-8'ST) (82-0'22) (otT-0°eV) (T'22-120) (801-621) (rz8-691)  (#'29-L'ST) (811-€°€2) Orevsz)  (r09es8) (050000  (£800LT00)  WEYVSTY) 08 1
18 100 1592 h ¥Z's 89¢ T09 z€9 e 8'8E €€ €6€ €55 seY zee €10 Sv0'0 €57
(c09v0'T) (rzo-G00)  (e6T0T-zeLT)  (588-000)  (2'0T-92°€) (S61-2'02) (evz-v'8e) (062-6'99) (¥12-00'8) (eezves) (G'6e-921) (sTT-0°8¢) (L0z-v'vL) r'oT-29'5)  (87'5-000) (€-v'99) (L6TT-62€0)  (¥85-9LY) or 01
8 10 699 >4 €T's 125 626 S0t 86t 596 80¢ 769 821 80T 00T szeet 650 82
(1e'2-62°0) (GT'0-€00) (gage-59v) (6€e-000)  (¥6890€)  (9'68-T'6T) (80T-T°ET) (951-2°09) (rss-zov) (60T-7'12) (c6zvor)  (GEL09T) (2sT€75€) @19602)  (Evy-900) (e91-52'9) (Or70-2800)  (Ov'S-9vy) z 414
1610 100 291 000 €Y 344 8°€e 926 vee 596 €61 344 T8 e 8LT TEE ZST0 867
(60'5-02°0) (01'0-900) (zez-02€8) (e11-00'0) (6'8-TT'E) (09z-0°0¢) (901-217'6) (ceT-82L) ('22-6L0) (95€-€'99) (°0z-68%) (rze-99) (Ge9-098)  (961-28T)  (0L€-000) (eT-0vT) (0ev'0z800)  (€85+5) or 419
90 100 119 €91 vEY 219 562 1'56 TOT 612 266 ree g0y €67 0L0 v'18 0910 128
an an an an an an an an an an an an an an an an an an 0 dg
(0000000  (er88T)  (€85/€9)  (9'59-02T) WLT-€v2) (0ot-12'T) (Gzeges)  (069-9v'8)  (€8r-80T) (811-0'82) r'se6€)
0 aN anN 000 89t 16T T9E v'69 Tz 01T 8z TvE 25 0 0 0 0 vy € om
16w .16 L6 1.1 bort 1.1 bort .1 berl .1 berl 1.1 bort 1.1 bort .1 berl .1 berl 1.1 bort 1.1 bord .1 owr .1 owr +.71d Bw wupsz3 2002
YOS H d-ol N-10L Ay ER) 10 EfON e JYHN 'l BN DN -] oy ! Jnojod AN Hd N HX

aHaIX NI

€002 S}nsay - poday [enuuy S1OVdINI



TL

207 60T S00 050 T2, STT €5C €8T +00 9T0 000 8T0 <200 900 €20 6SE€E 98€ 9€€ TI8E 86C ¢60 T66 G 9
8z 82l S00 /S0 €T. 90T 9TZ #¥ST €00 20 000 +¥T0 <200 SO0 G20 GS€ €9€ 6E€ LL€ 82 8.0 T66 G g
9Te Ol 00 960 S8, 06 /[¢€ /ST SO0 /LT0 900 200 TOO 200 2€EO €FE ¥E€ TZ€ 28E€ 98¢ 8IT 886 G 14
6V 80T S00 G50 G6. 28 96C GEZ 900 O0T0 €00 900 #00 SO0 820 O0SE 8S€ 6E€ 08E +O¥ 960 066 G 1
uoziioy O
vS€  ZET 900 6.0 9¥. LTT €€ 6.7 900 820 600 200 €00 900 Or0 €€€ €€ 0T 65€ 69€ 160 T66 T O
€0 020 900 2,0 S69 €E€T 29¢ ¢8T SO0 220 900 200 200 900 90 /€€ GL'C 80€ EFE L0E 990 €66 T 6
/60 8T 900 /0T 899 GE€T /€ ¢5¢ 00 €€0 9T0 TO0 TOO0 600 GS0 6TE€ 02€ /6C T9€ 6L€ 1.0 T66 T 8
€8T 9€T /00 S60 ¥69 TET 82€ 82¢ 00 #20 800 900 200 OT0 w0 62€ GI'E 90€ 8E¥ €ETE 690 €66 T L
G9T  ¥2T 800 ¥60 €99 8ET 8€€ tg¢ L00 /20 900 SGT'0 <200 OT0 /y0 T€€ 8S€ TIEE€ 69€ tre TOT 066 G 9
2T ¥ET 00 S60 289 LOT 85C 9LT SO0 GI'0 SO0 600 200 900 Ov0 9€€ T€€ 62€ 6SE T16C ¥.0 €66 G g
€6T 88T 600 09T T¥. G6 /[Ov TOE 00 TZ0 8T0 200 <200 OT0 870 82€ LE€€ GOE O0SE ¥.¥ 0T 186 G 14
680 ¥9Z OT0 ¥9¢ T/9 ¥ST 9€v ¢6C 800 /[¥0 6T0 200 200 600 GS0 6TE t¥2€ 66C TISE 187 680 T66 T €
ITT  T9T 00 €IT 8%9 6%T 18Z ¢8T SO0 820 900 900 €00 200 Sv0 /2€ 0C€ ¥E€ 9S5€ 6ITE €90 v66 T z
T2z G€T 800 /0T €2, LO0T ¥€ 9¥Z 600 8T0 OT0 SO0 ¥00 900 2v0 €€€ 6€€ 9T'E /9€ 9€¥ 160 066 G 1
uozuoy g
190 ¥0Z 2r0 298 €66 02€ ¢TIl 2€¥ 2r0 T18C 650 80 800 2¢€0 1S /8¢ 22€ <20€ Ove G.T 092 G6 S O
TS0 GT¢ 860 /g8 L6€ TE G96 O0L€ Tro 1T€C 8y0 LTO0 600 2€0 /LTZ 9TE [Ov G9€ T8E€ 89T 65C G/6 G 6
670  €G¢ /S0 9vT 666 TTIE 92T T0G 2€0 €¢ 080 200 600 TV0 /62 ¥OE 80€ TIE €€ GT¢ €€ 06 G 8
90 Z%¢ 980 L6l 6.€ ¥SC 9¥T ¥€'S G90 €5C 980 <220 ¥I0 vP0 Svvy 98¢ 90€ 00€ YSE 082 YIE 06 G L
T.0 9TZ S0 €86 905 602 998 68€ 620 ¢2T ¢S50 9T0 L00 920 GZ¢ +I'€ TIUE ¥2€ €6€ VST ¢€¢ L16 G 9
6,0 G6T w0 /S8 6TS 0Tz 26 L.v €0 +IT 80 6T0 800 20 8ICZ &€ 69€ €€ ¥8€ 90¢ T.C V16 G S
950 9Tz T90 €€T 07 6T¢ ¢9T /08 [€0 6.2 ¥60 O0T0 [00 tv0 LvE GSOE 16 TOE TEE 6GC 8.€ +¥96 G 14
0.0 8Tz %90 T¥T 679 68T /L2T 698 +€0 9ST 9v0 %20 600 2Zr0 060 €9€ +9€ T18€ 6L€ L62 8y LS6 G €
650 17¢ /80 L6T 06y 90¢ L€T G99 2€0 GE€ ¥r0 €50 20 8y0 #8T 22€ 02€ GrE 98€ 6%C ¥EE€ 896 G z
850 0T¢ /S0 22l C6e GOE 82l ¥6¥ 950 6.C¢ TLO0 ¥I0 90 8€0 60€ /8¢ 60€ 00€ 9SE €/¢ SVE L96 G 1
uoziioy v
0>/ joww % Boot/baw ‘loeg ¢|oeD DM O°H % 10(d
Z0S NO N D SIV S8 |030 .V SN 2O P4 MUN BN M H Hd Hd 07 ©°Hm "Pa N 0seN
buid ueysall

‘soidwes jo Jequinu=N :uolkelousp Buimolio) Byl asey suolriIeIgqge Byl seluedosd  eolweyo pue eosAyd

areyd|ns paglospy=_"0S ‘ol N 01 D=N/D ‘UsbBonIN=N ‘UogreD=) ‘uoirInies Wnuiwn|v=S|v
‘uolrinies aseg=sg ‘A110eded abueyoxs UOIRD BANST=)T) ‘Siueldelixe paljloads ul Hd ‘uoniubl uo sSO=|07 ‘WBIUCD BRM=CHAN A1ISap="P A
llos afeloAy €@ d|qel

€002 S}nsay - poday [enuuy S1OVdINI



L

9% G6T TI0 80C 98, 9€l 2Z2€ 2¢5¢ 600 /20 800 000 200 200 /TO €€ 00F #Ov OTv GIT'Z 08T ¢86 G  OT
6T€ 28T 800 V€T ¢8L VET 996 Sy €TI0 0S50 9T0 000 200 TITO OE0 6VE +9€ 85E 00V Tv9 V9T +86 G L
6T T¥T OT0 ST T8L G¥T €TL 659G 6T0 ¥90 TI0 #00 200 9T0 /LEO 6EE€ €SE€ €SE 66€ €0L 20Z 086 G 9
287 0¥l 600 V€T T6. 8€T 00L €SG 9T0 890 8T0 TOO €00 2ZI0 TE0 9OFE 8SE VSE 68€ 159 60C 086 G T
uozloy ¢g
Y€ ¥.T 20 02 €T. S¥T 9¥S ¥8€ GI'0 €50 820 T00 200 OT0 ¥S0 ¢€€ 9S€ GS€ 88€ v.L OLT €8 G O
60 L0z /TO 8S€ TZL 82T 8.9 TZS 6T0 G&0 920 TOO0 200 2ZI0 €r0 vEE [S€ €SE T6€ Sv6 02C 816 G 6
69T 06T 6T0 S9€ 80. 9/.T 9.6 [0¥ 9T0 €0 G20 000 €00 600 2v0 GEE <TG€ 9rE S8E€ +18 19T +86 G 8
9T ¥ST 220 €ETE 6%, OST 668 €9 €0 260 Tr0 T00 €00 8T0 6r0 GZ€ Tre GEE Z8E€ 066 8EZ L16 G L
ZT 0LT /€0 89 T8 L6T T§. €IS 0£0 960 T20 220 €00 8T0 6V0 62€ Cve 9VE 9L€ ¥¥I 0.2 ¥16 G 9
280 ¥v¥T 900 L0 S99 T6T 266 SS9 Or0 82T /20 %00 200 220 ¥IT v6Z ¥I€ VvOE v.€ w9 Trz 9.6 G S
2T 9vT GI'0 € 819 892 6. 89F 6£0 6T €00 80 €00 6T0 TE0 9YE 99€ 09€ OZv 258 €6T 186 G 14
9T 9Tz 0T0 922 /LT. O.T TOT TZL 620 6T ¥#0 200 €00 020 890 €ETE /[Z€ OZE €€ S08 OEE 896 G €
860 66T T20 TE€EY 169 00C 8%¥T 20T 9Y0 622 190 €00 ¥00 OO0 160 VOE 8I'E GI'E 09€ 2Cl 9L€ +96 G Z
/ZT 68T %20 0S¥ 289 G/T 296 999 2€0 OITT 6£0 GO0 €00 LTO #60 80E€E €E€ O0EE€ OL€ 0CT 9¥Z 916 G T
uoziioy 1d
EV0 €T¢ PO G986 9.y 682 LOT 967 €Er0 85Z 890 200 ¥00 6T0 T8T €8Z 60€ 20€ 95€ LT €2 €16 G O
85T 96T /60 68T €8y €€ 7€ 60T 280 ¥89 LTT OT0 900 20 98¢ LOE €€ 0Z€ €€ S¥e 9IS TS6 G 6
/90 STz G0 09T €S vI€ 66T /88 690 82G 22T #00 L00 +E0 8E€ 26Z €EITE G0E S9€ S8 vy 8G6 G 8
19T G6T TOT 66T L.y T/€ 9% L0l €0T 6.8 9T'T TZ0 600 +S0 TI'C CIE CE€ OEE G8E L/E OLGS 9¥6 G L
€60 69T 00T 89T 685 T/¢ G/T 26 GLO 6V 850 890 SO0 670 8ET 22E€ Cre IpE T8E €0€ 8y LG6 G 9
¥60 8T¢ 9¥'T 6TE P¥l¢ €T 9€€ T06 TST €ST ¥9T S0 600 TL0 SIS €. S6¢C 16C 0SE 965 vIL €€ G S
2,0 69T GET 822 682 L¥S 98 618 O0LT TET S50 2€¢ O0T0 +80 T8T ZE€E 69€ GSE v6€ 2cv LLG S¥6 G 14
62T 282 90T €/¢ 99y 982 €/ 92T 80T [€9 69T ¥IT0 800 250 8% 9.C G6C G6C 95€ S9¥ /¥9 6€ G €
ZTT G0Z /2T S92 9ve 92y T2€ GSOT 6T ¥2T 6FT 2I'0 800 G90 €96 T.Z G6C 68C 8YE 98y 299 8€6 G z
€6T ¢6T G50 GOT ¢€§ 29 8.1 6v6 850 89€ 60T SO0 SO0 OE0 65C 66C 60€ 80E€E ISE 6¢C 9L€ +96 G T
uozloy v
B>/ jowi % Boot/baw ‘loeg “|0ed  IOM O°H % 10(d
Z0S NO N D SIVv S8 (030 LIV PN 2O P4 UAN BN M H  Hd Hd 07 %Fm "P N osen

Buens uoyd ni

€002 S}nsay - poday [enuuy S1OVdINI



€L

29¢ 0€6 2¢0 60C 009 9T€ 80Z ST SI'0 Tr0 000 SO0 200 800 TI0 68€ [6€ 86€ E€yy +96 6T 186 G 8
/Z0 ZTIT 620 09€ 9. T68 T28 ¥€0 8y0 669 000 €TI0 OT0 TI0 200 +Tv¥ OSY 2€v 0SS 20T €€C L6 G 14
oIy TET Or0 926 €9 982 25¢ S9T #T0 #r0 T0O0 900 €00 800 OT0 [6E +6€ ¥6€ +Iv 8€T ¥v.¥ GS6 § 4
€€ €66 €0 62¢ T2, L0z 8TZ /ST 600 /20 TOO €00 TOO 800 TI0O 68€ 26E€ 88E€E [TV T16. €2C 816 G T
uozuoy zg
vI'T €TI0 /€0 6% [L65 126 €0v Trez T€E0 280 €00 200 SO0 +¥I0 T20 T9€ T18€ GL€ 6y 9€T 8€ 296 T O
vI'T L€l 6€0 ¥€S €05 ¥vyr €v €z Tr0 28T 200 600 €00 80 ST0 9/€ #O¥ T18€ 6% <TLT S8€ €96 T 6
86T €TT G0 Tov L/S OvE +S€ ¥0Z 920 8.0 TOO OT0 €00 2I0 8T0 OL€ 9Ty ¢8€ Svv €2T 2ve 96 G 8
LT TET €0 /9SG 699 S¥Z 96€ T9C S0 $S0 SO0 600 SO0 tTO0 20 [/SE €L€ S9€ O0Sv 0¥ 86C TL6 T L
6€C CET vr0 28S 979 LlZ L€ 9€T TZ0 890 ¥00 OT0 GO0 TT0 €0 85€ L€ 0L Te€v TET 992 v16 T 9
6T /T 690 TOT €69 vve 9y 60€ G20 TL0 €00 900 €00 TO 6IT0 99€ 88E€ €8€ €7 €Yl €82 7.6 T S
90 TTT 80 9€F¥ 92 8¥6 G58 T20 660 269 000 ¥I0 OT0 €TI0 L00 +I¥ 60G €57 6£G 00T 9IC 616 G 14
T9T TST €0 6¢9 8¢, +¥8T €0S TL€ TE0 8Y0 600 GO0 GO0 800 G20 G5€ T9€ /[S€ v 89T 9.€ %96 T €
OFT  €ST +90 86 G€S L6 69L TL€ /Y0 2T %00 2I0 SO0 €20 SE0 +8E€ 69€ 2L'€ [0V 86T 2GS 916 § Z
09T 62T 9€0 8v G/9 Sv¢ <C¥ 18Z T20 S90 #00 600 200 GT'O0 TZ0 €9€ O0LE 09€ T6€ 8Cl ¥.C €16 G T
uozlioy 1gd
850 6%l €0 60T vZ€ 6%S L¥T ¥oOv vrT +29 200 690 [00 8y0 80T Tre +v9€ /[S€ TI'v 6€ GS8F ¥S%6 G O
050 8ST €80 C€T 06 ¥99 €0Z 8¢v 8YT +er €00 +.0 L00 Ly0 980 TISE O0L€ 69€ 8% Z¥e 9vS 816 § 6
€90 6%l T.0 SOT G€ 60y 8Tl T2S ¢80 2re 600 2,0 GO0 2r0 Z0T 9c€ T9€ 8ye TI'v ¥IZ 8% T9 G 8
G0 GST 890 90T &8y 2G 8¢ S09 /220 Ore 020 TS0 L00 TVO GET OEE T€E€ 9€€ €L€ 6¢C WY 8% § L
9/0 TST 890 €0T G6y 8T€ +2l €I'9 280 9.7 ¥€0 #0 GO0 €0 95T 9Z€ LEE 2€€ 88E€E 8ZC 8E¥ 896 G 9
€80 Z.T 6.0 GET 80v Sy 9¥T ¥.'G TOT 9S #0 6v0 GO0 Tro LET TEE 2€€ €ve TL€ €¢C S.v G966 G S
/TO  O¥T 850 908 /TO 086 €6 €00 9€T 69T 000 ¥0 TI0 ¥50 TOO €S €0G 682G T18G €9T 82€ 896 G 14
090 89T G0 Zvl 78y €8 O¥I G99 2T 6L€ [20 2€0 TI'0 2€0 TET <2€€ Ore€ 0L€ TOv 29 LIT¥ 096 § €
650 /ST 860 ¥ST G8T 9¥. €22 92€ O0€T 2ST 900 290 800 250 T80 8SE€ 69€ L€ Ory 092 029 C¥6 G z
090 89T S0 OTT €€ TOr 8€l 6.6 ¢80 25¥ 020 290 200 9y0 T¥T 82€ IS€ TE€ L€ L0C 9S% 966 § T
uozlioy v
B>i/joww % BooT /oW ‘loeg ‘|0eD DM O°H % 10(d
Z70S NO N D SIV S99 |030 WV PN 2O P4 MUN BN M LH Hd Hd 07 %Hm "PA N osceiN
ueys buoo B

€002 S}nsay - poday [enuuy S1OVdINI



172

¥8T TET €TI0 2/T TE€.L 6ST GS7 €€ 600 220 200 800 G0 SI0 Tr0 GEE 99€ €7 607 6L €T €86 § 6
29 GST €TI0 20¢ 8S. €9T Try TVE 600 LTO TOO TI0 220 8T0 220 69€ €5€ L€ 06€ 9. 90C 086 § L
280 80T +T0 #ST 8G. O¥T 92% GZ€ 00 8T0 200 200 TZ0 2I0 8E0 6EE€ 9FE €€ 66€ /S 82T 186 G 14
60T GTT GTO0 T.T /L6 G2r T€v ¥.T 220 TZT 000 6v0 220 ST0 80 VS€ /6€ 6IF T.v G8S 06T 186 G z
uozluoy ¢zg
GeT 9T 8T0 9Tt /LS9 89T 88G 98€ 9T0 GO0 €00 620 920 T20 T.0 80€ tvEE€ 9ve 0S€ TOT 66T 086 T  OT
00 89T 220 0L€ G99 76T 669 /9% 220 990 800 0Z0 G20 T20 T.0 OTE GE€ Tre v.€ €6 8T T8 G 6
190 88T T20 26€ €S9 P¥IT V€S 6VE €TI0 2¥0 600 900 20 +I'0 /L0 GOE 9TE H#Z€ GEE €88 86T 186 T 8
vZT .80 G€0 299 TT. T9T T.6 689 620 <290 2I'0 920 920 60 /80 TOE 9VE €9€ c¢v 9€l ¥6C TL6 § L
990 ¥9T 020 /[Z€ G6y 22¢ €. 89€ 2€0 280 200 6ET /20 G20 690 T€ €V 8Iv vy €6 ¥E€ 196 T 9
0 60z €T0 2,7 809 92¢ 229G ¢2re 20 /S0 SO0 €TI0 %20 920 G0 20€ €8¢ G€ 9g€ 8L 2IE 016 T S
S0 /ST 8T0 28¢ 6S9 ¥TIZ 69S GL€ 8I0 €50 600 ¥00 920 T20 290 +EE 0Z€ LVE +9€ 68 €T G86 G 14
GE0 €¥T 620 SIv v8y TvE 658 9T G0 +6T #00 2.0 820 20 ¥.0 [0€ ¢E€ SGVE /8E 658 82€ 896 T €
180 ¢ST T€0 /L¥ 92 TOS €08 8T €50 +6¢ TO0 9.T G0 O0€0 90 <2€€ lev 9vy 1TSv LOT €v¢ 9.6 § 4
6560 Z¥T 9T0 /2T 6TE 18y €29 66T €70 90C 200 6G0 820 920 90 9TE G9E 89€ Jgv 6L €T 986 T T
uozuoy 1g
280 ¥8T tr0 608 095 082 80T /6G Gr0 28T 900 €60 /20 TS0 GL0 22€ 6SE€E 99€ 80F 9GT 8yE€ 996 G  OT
.0 .60 8y0 €6 Z9v 89¢ S¥T 9€9 GL0 T9E€ PIT0 980 80 €90 29T 80E€E Y0¥ TSE 08E€E +8T ¥6€E€ 29 § 6
850 08T 950 TOT G¥r 68 T8I T08 TIT 26% 920 €90 ¥r0 6,0 86T T6C SOv TI'E 6Iv T8T 6VE 996 G 8
G680 8T /90 8Tl +¥SS ¥9¢ L6 80T L0 0.2 620 €90 €.0 vOT 69C €0E 95€ 99€ 0¢v 0€ 8BS 616 § L
850 ST 650 TOT €9¢ TvE T9T +¥€9 60 8E€ GO0 9L€ 960 650 ¥.0 0OZ€ G6€ 8L€ 8L€ 08T 8% 696 G 9
850 02 0£0 099 9.y 6T€ +O0T €+ 650 2I'c 020 80 G0 6€0 GST /LT 9yv 2L€ ¢6€ T¥T 992 V¥Ii6 § S
850 LT 80 S99 Ter €Tr +O0l Orvr 90 80€ /LT0 6T0 920 S0 92T /82 S9€ 207 66€ GET GS5C G/6 G 14
S0 TTZ 80 00T 96 Tv¥S vE€T 6I€ 8TT +5S 200 9.T G20 Ly0 T60 TOE 98€ €8€ It OGT €€ 696 § €
0 €9T 6£0 9€9 O0.T G95 8.6 €T G0 #I¥ TO0 T2Z G0 Tr0 80 6E€ LL€ GSBE €8y 92l E€IE 06 G z
W0 TLT 6€0 €9 9.1 €v9 €08 62T €0 00 TOO0 +OT /20 2€0 LEO 29€ 09% GO€ 86€ LOT 2ve 9.6 § T
uozloy vy
B>/ jow % BooT /oW ‘loeg ‘108D DM O°H % 10(d
Z70S NO N D SIV S99 |030 WV SN 2O P4 MUN BN M LH Hd Hd 07 %Hm "Pa N OIceN
bue 1 eir fed

€002 S}nsay - poday [enuuy S1OVdINI



<72

/0 LT S00 TS0 278 L6 €T GT €00 +00 TO0 000 €00 900 2I0 G8E €L€ 06€ 8% T9E 890 €66 § 6
9z T8T 900 9TT 968 T/ 62¢ 86T ¥00 G0 TO0 000 200 SO0 ¥IT0 08€E 9YE +¥9€ G6E 00T LET 986 § 8
/e €6T 00 V¥€T 108 68 68T €ST ¥00 GO0 200 TO0 <200 900 9T0 #.€ G9E€ LL'€ 26€ €6 92T 886 § L
T 820 SO0 ¥80 08. LTT T6T 6T ¥00 900 TOO 200 TOO TITO 9T0 2L€ €5€ TL€ /[T¥ €09 80 266 & z
uozuoy g
2T 8¢ U0 v.TZ €6, TCl 62¢ 18T 00 GO0 200 200 €00 €TI0 SIT'0 9/€ 69€ 88€ €V G6 62T 28 T O
6€0 GST 00 <CI'T 6%, 6T €T €60 €00 €00 TO0 000 TO0 00 ¥IT0 8L€ 2Z8E ¥6€ 6IF c¢v 180 266 § 6
v/T 92 0OT0 €IZ 608 €0T €IZ #.T SO0 800 200 TOO 200 900 9T0 +¥.€ 6L€ 98€ G¥ T2l S8T T8 G 8
gtz 18T TI0 €0C <208 €0T T6T ST SO0 GO0 200 TO0 <200 800 S0 /L€ T.€ /8€ 86€ 80T ¢ST G86 § L
vI'T 88T 600 69T /L. €TT 66T GST 900 900 TOO #00 TO0 600 LTO TL€ 9OVE +8€ ¥ 668 SBT 286 T 9
650 G0Z 2¢r0 9¥Z 8€L 2Tl €5¢ /8T 800 <ZI0 T00 TI0 T00 600 #20 GS€ /G€ 89€ €v 9TL S0Z 086 T S
920 /ST 900 ¥60 089 T.T #.T 8I'T 00 600 200 ¥00 €00 TI0 60 ¥9€ 9ve /[S€ ¥I'v ¥09 €0T 066 T 14
660 T.T 600 ¥ST 908 T8 OvZz €6T 900 +00 €00 TO0 TO0 800 €20 [S€ 8ye /[S€ TI'v /2.8 1TIZ 616 T €
280 T8T 800 W¥WT CS. LT 86T 6FT 900 00 TO0 €00 <200 TIT0 020 G9€ 29€ 9L€ 60F 8€9 980 166 § z
660 €¥T ST0 V¥IZ LT. ST 62¢ V9T 200 €TI0 TO0 900 +00 TI0 220 6S€ ¥E 8L€ 2t ¥9L 8T 986 T T
uozuoy gv
Y90 602 8T0 99€ /L€ GS¥T 00€ TZgZ OT0 +¥I0 200 20 €00 ZTO0 T20 T19€ SyE L€ ST ¥IT 89T €8 G O
2€0 08T OT0 08T +€9 G6T 69T OT'T 200 TI0 €00 200 200 TIT0 220 6S€ GrE€ 99€ GO¥ 229 90T 066 § 6
vI'T  6%C 60 267 T69 89T 60Z GrT 600 TI0 €00 €00 €00 <2T0 €20 [S€ €5€ 6L€ €Iy OGSl S€C L16 G 8
6€T 02 €TI0 96C €89 8T 0TC €T 600 €TI0 200 900 <200 GTO 6T0 99€ +9€ 8L€ L0F 92T 69T €86 § L
290 82¢ 9T0 €8€ G/9 06T Grz 99T TI0 8T0 TOO TI0 €00 GT0 020 +#9€ /9€ +¥9€ 9Iv 986 65T ¥86 § 9
90 96T SI'0 00€ 969 202 9.¢ 18T TI0 820 TO0 #¥I0 €00 GI0 €0 T19€ Ve ¥9€ [Z¥ Tv6 9€C L6 § g
620 08T TI0 GS6T 6€9 8.7 8C €T 600 9T0 SO0 Z00 200 +T0 TEO 9ye T18E€ 2L€ TOv Ov.Z OFT 986 § 14
Y90 60c 9T0 Tre 89, vTI 6.2 ¥I'c 600 900 GO0 #00 <200 ¥I0 +20 09€ Vo€ GLE L6€ 90T OLT €86 § €
/S0 €T 600 ¥9T 669 2SI /TZ 29T 800 600 €00 SO0 200 €TI0 #20 99€ +S€ TL€ 9V 22L 20T 066 § z
o0  G.T 220 ¥.€ 9G9 +8T 60€ ¢0C OT0 820 200 /TO0 €00 GST'0 00 9¥E€ 8EE€ 69€ 06€ 00T SYT 986 § 1
uozlioy v
B>/ jow % BooT /oW ‘loeg ‘10D IOM O°H % 10ld
Z70S NO N D SIV S9 [030 IV PN 2O P4 MA BN M LH Hd Hd 07T ©Hm “PAM N Ol
9H IX 11

€002 S}nsay - poday [enuuy S1OVdINI



Appendix C. Ground vegetation data

Table C-1. Year of establishment and year of performed/planned reanaysis of ground
vegetation in each of the 5 catchments.

Catchment :ﬂe:rb” shment of First reanalyses rS;nm;S% Third reanalyses Etc.
LCG 2000 2002 2005 2010 Etc.
TSP 2000 2002 2005 2010 Etc.
LGS 2001 2003 2006 2011 Etc.
cJr 2001 2003 2006 2011 Etc.
LXH 2002 2004 2007 2012 Etc.

Table C-2. The c ratio (c=alb, where a is total number of species recorded in the five 1 m2
plots in each 10x10 m? macro plot and b is the total number of species recorded in each of the
30x30 m? plots (including &) in four catchments (LCG, TSP, LGS, CJT) in 2 years.

Catchment  Results

LCG The c ratio (=a/b) varied between 0.19 and 0.55 for the data set sasmpled in LCG in 2000
(Appendix Figure. C-1). The corresponding species numbers and c ratios recorded in
LCG in 2002 varied between 0.33 and 0.54 (Appendix Figure. C-2).

TSP The c ratio (=a/b) varied between 0.38 and 0.63 for the data set sampled in TSP in 2000
(Appendix Figure. C-3). The corresponding species numbers and c ratios recorded in TSP
in 2002 varied between 0.39 and 0.66 (Appendix Figure. C-4).

LGS The c ratio (=a/b) varied between 0.25 and 0.34 for the data set sampled in LGS in 2001
(Appendix Figure. C-5). The corresponding species numbers and c ratios recorded in LGS
in 2003 varied between 0.36 and 0.46 (Appendix Figure. C-6).

cJr The c ratio (=alb) varied between 0.29 and 0.51 for the data set sampled in CJT in 2001
(Appendix Figure. C-7). The corresponding species numbers and c ratios recorded in CJT
in 2003 varied between 0.31and 0.53 (Appendix Figure. C-8).
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Figure C-1. The c ratio (c=alb, where a is total number of species recorded in the five 1 m2
plotsin each 10x10 m2 macro plot and b is the total number of species recorded in each of the
30x30 m2 plots (including &) in LCG in 2000.
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Figure C-2. The c ratio (c=a/b, where a is total number of species recorded in the five 1 m2
plotsin each 10x10 m2 macro plot and b is the total number of species recorded in each of the
30x30 m2 plots (including &) in LCG in 2002.
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Figure C-3. The c ratio (c=alb, where a is total number of species recorded in the five 1 m2
plotsin each 10x10 m2 macro plot and b is the total number of species recorded in each of the
30x30 m2 plots (including a)) in TSP in 2000.
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Figure C-4. The c ratio (c=alb, where a is total number of species recorded in the five 1 m2
plotsin each 10x10 m2 macro plot and b is the total number of species recorded in each of the
30x30 m2 plots (including &) in TSP in 2002.
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Figure. C-5. The c ratio (c=alb, where ais total number of species recorded in the five 1 m?
plotsin each 10x10 m? macro plot and b is the total number of species recorded in each of the
30x30 m? plots (including &) in LGS in 2001.
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Figure C-6. The c ratio (c=alb, where a is total number of species recorded in the five 1 m2
plotsin each 10x10 m? macro plot and b is the total number of species recorded in each of the

30x30 m? plots (including &) in LGS in 2003.
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Figure C-7. The c ratio (c=a/b, where a is total number of species recorded in the five 1 m2
plotsin each 10x10 m? macro plot and b is the total number of species recorded in each of the

30x30 m? plots (including &) in CJT in 2001.
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Figure C-8. The c ratio (c=alb, where a is total number of species recorded in the five 1 m2
plotsin each 10x10 m? macro plot and b is the total number of species recorded in each of the

30x30 m? plots (including &) in CJT in 2003.



Table C-3. Kendall’s nonparametric correlation coefficients 1 between numbers of species
and plot scores along DCA first two axes in the 5 monitoring reference areas in IMPACTS,
with significance probabilities. The significance level is P 0.05. Correlations at the
significancelevel P 0.05 arein bold face.

Reference  Year Number of DCAl DCA2

area analyzed species T 5) T 5)

LCG 2000 Total number 0.101 0.316 -0.375 <0.0001
Vascular plant 0.209 0.043 -0.223 0.031
Bryophytes 0.009 0.932 -0.389 <0.0001

TSP 2000 Total number -0.256 0.011 -0.168 0.097
Vascular plant -0.085 0.408 -0.102 0.319
Bryophytes -0.417 <0.0001 -0.213 0.045

LGS 2001 Total number -0.136 0.180 0.051 0.613
Vascular plant -0.152 0.130 0.111 0.271
Bryophytes -0.011 0.919 -0.130 0.210

CJT 2001 Total number 0.085 0.423 -0.324 0.002
Vascular plant -0.174 0.107 -0.476 <0.0001
Bryophytes 0.373 0.001 -0.016 0.885

LXH 2002 Total number -0.165 0.130 -0.217 0.046
Vascular plant -0.135 0.218 -0.253 0.021

Bryophytes -0.080 0.481 -0.089 0.429
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Table.C-6. The environmental interpretation of the main vegetation gradientsin each catchment

Catchment

Main vegetation gradients

LCG

TSP

LGS

LXH

The first ordination axes separate plots on sites with low degree of micro-topography, relatively high content
of exchangeable nutrients, high density of deciduous trees and soil moisture, and with thin humus layer (O
soil horizon; low score) from plots on sites with the opposite characteristics (high score). The second
ordination axes separated plots on sites with high soil pH and a thin litter layer to sites with the opposite
characteristics. The diversity of bryophytes species decreased along the same gradient

The first ordination axes separated plots on sites with athin litter layer depth and soil depth and a high degree
of variation in topography to sites with the opposite characteristics. The diversity of bryophytes decreased
along the same gradient. The second ordination axes separated plots on sites with high soil moisture (0-5 cm)
to more dry sites.

The first ordination axes separated plots on sites on unfavorable aspects with low inclination, high soil
moisture and high content of nutrients and high pH from plots on sites with the opposite characteristics. The
second ordination axes separated plots on sites with high degree of micro topography from plots on sites with
more plane surface.

The first ordination axes separated plots on sites with low inclination, low degree of micro-topography, high
pH, low exchangeable content of some cation (ALS, Al, Fe, H) from plots on sites with the opposite
characteristics. The number of bryophytes increased along the same gradient. The second ordination axes
separated plots on sites with low inclination and low degree of topography, a low depth of the organic depth
and a low litter depth, from plots on sites with the opposite characteristics. The number of vascular plants
decreased along the gradient.

The first ordination axes separated plots on sites with high moisture, thin soil depth and organic layer and low
density of coniferous trees, from plots on sites with the opposite characteristics. The second ordination axes
separated plots on sites with high inclination from plots on sites with high inclination. The number of vascular
plants decreased along the same gradient.




Table.C-7. Change in species abundance in plots in 4 reference areas during a two-year period in the
time-interval 2000-2003; with Wilcoxon’s one-sample Signed Ranks tests applied to the hypotheses:
median change=0, againgt the two-tailed aternative. P=significance of increase/decrease. P 0.05 are
in bold face. n — number of plots with decrease and n+: number of plots with increase. n.s means no
significant.

LGS caJT

,_
0
o
_|
6

gppe;es Specieslist n+ P n+ P n+ P

=}
T
=}
+
)
=}
T
=}
T
=}
T

Vascular  Achyranthes longifolia

plants Actinidia fortunatii
Amphicarpaea edgeworthii
Antenoron filiforme
Aralia chinensis
Ardisia japonica
Ardisia pusilla
Aster ageratoides
Camellia brevistyla
Camellia oleifera
Camellia sinensis
Carex brunnea
Carex cruciata
Carex harlandii
Castanea sequinii
Cayratia japonica
Celastrus vaniotii
Chiloscyphus heterophyllus
Chiloscyphus latifolius
Cinnamomum camphora
Circaea mallis
Clerodendrum cyrtophyllum
Cunninghamia lanceolata
Dalbergia hupeana
Deyeuxia arundinacea

N
=

0.001
0.121
0.011
0.865
0.221
0.068
1 0.003
5 0.636 0.832
0.582
0.829
0.205
0.017
0.045
0.395
0.205
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Table.C-7. (Continued)

LCG TSP LGS caJT

Species

types Species list n- n+ P n- n+ P n- n+ P n- n+ P

Vascular - Dicranopteris pedata
plants Dryopteris erythrosora
Dryopteris fuscipes
Ellisiophyllum pinnatum
Embelia rudis
Eurya loquiana
Gardneria multiflora

9 0.635
11 0.896
0.475

1 0.206
0 0O O

13 0001 14 22 0.064
0 0O O

0 0O O
0 2 3 08

0.339
0.481
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Glechoma longituba 0 O 0 O 13 0 0001 O O
Gynostemma pentaphyllum 0 0 0 O 2 10 0115 0 O
Hedera nepalensis 0O O 0O O 1 6 0041 O O
Hydrangea davidii 4 1 0276 0 O 0 O 0 O
Hydrangea paniculata 0 O 0 O 2 10 0019 O O
I mpatiens cyanantha 0 O 0 O 3 17 0003 O O
Impatiens dolichoceras 0 O 0 O 4 1 0223 0 O
Laportea bulbifera 0 O 0O O 0 6 0027 0 O
Ligulariaintermedia 0 O 0O O 5 11 0043 0 O
Lindera glauca 0 O 0 O 0 O 3 7 0306
Liriope spicata 0 O 0O O 0 O 5 7 0873
Litsea cubeba 0 5 0038 0 O 0 O 0O O
Lonicera acuminata 0 O 0 O 2 4 0206 0 O
Lophatherum gracile 0 O 8 6 0376 0 O 3 18 0.002
Loropetalum chinense 0 O 0 O 0 O 11 11 0.379
Lygodium japonicum 0 O 0 O 0 O 2 5 0075
Maesa japonica 0O O 5 2 0394 0 O 0O O
Metathelyp terishattori 0O O 0O O 0O 8 0011 0 O
Miscanthus sinensis 7 8 0548 11 6 0319 0 O 0 O
Myrsine afriana 0 O 4 2 0739 0 O 0O O
Table.C-7. (Continued)
LCG TSP LGS cJT
Species Species list n- n+ P n- n+ P n- n+ P n- n+ P
types
Vascular Neanotisingrata 0O O 0 O 0 6 0026 0O O
plants Nothosmyr nium japonicum 0 O 0 O 10 17 0.16 0 O
Oplismenus compositus 4 8 0178 0 O 5 30 <00001 O O
Oxalis griffithii 0 O 0 O 2 6 0122 0 O
Paederia scandens 0 O 0 O 0O 7 0016 0 O
Paraprenanthes heptantha 0 O 0 O 2 10 0064 O O
Paraprenanthes sororia 0 O 0 O 12 26 0.007 0O O
Parathelypteris beddomei 0 O 0 O 5 3 0725 0 O
Parathelypteris glanduligera 0 O 0 O 0O 5 0.039 0 O
Parathelypteris japonica 4 4 0619 4 3 086 0 O 0 0
Phylostachis heteroclada 0 O 8 2 0083 0 O 0 O
Pilea japonica 0 0 0 O 229 0253 0 O
Polygonum longisetum 0O O 0 O 0 5 0041 0 O
Polygonum thunber gii 0 O 0 O 2 5 035 0 0
Prunus buergeriana 0O O 0 O 0O 5 0042 0 O
Pseudocyclosorus esquirolii 2 3 0684 0 O 0O O 0 O
Pteridiumagquilinumvar.latiusculum 14 9 0493 11 1 0005 O O 3 2 05
Quercus fabri Quercus fabri 3 3 0914 7 3 0098 0 O 0 O
Randia cochinchinensis 0O O 5 2 0125 0 O 0O O
Rhododendron simsii 7 7 0975 0 O 0 O 8 9 0667
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Rubia cordifolia
Rubus buergeri
Rubus columellaris
Rubus corchorifolius
Rubusirenaeus
Rubus lambertianus

O OO ool O
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0
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0
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Table.C-7. (Continued)
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Vascular
plants

Bryophytes
species

Rubus malifolius

Rubus tsangii

Setaria palmifolia

Smilax china

Smilax davidiana

Sellaria chinensis
Senoloma chusanum
Strobilanthestriflorus
Symplocos lancifolia
Symplocos sumuntia
Syzygium buxifolium
Toxicodendron vernicifluum
Woodwardia japonica
Barbella compressiramea
Bazzania semiopaea
Brachythecium plumosum
Brachythecium pulchellum
Brotherella fauriei
Brotherella henonii
Calypogeia arguta
Calypogeia muellerana
Cephalozia macounii
Cephaloziella microphylla
Chiloscyphus minor
Clastobryella cuculligera
Dicranodontium denudatum
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Table.C-7. (Continued)

LCG TSP LGS cJT

Species Specieslist n- n+ P n- n+ P n- n+ P n- n+ P

types

Bryophytes Dicranum japonicum 9 2 0010 O O 0O O 0 O

species Diphyscium foliosum 0O 0 O 0O O 0O O 4 4 0887
Ditrichum pallidum 0 0 O 0 O 0 O 1 4 0131
Frullania hamatiloba 0O 0 O 0 O 1 4 0157 0 O
Herzogiella perrobusta 0 0 O 0 O 2 6 0259 0 O
Heteroscyphus planus 0O 0O O 2 4 059 0O O 0 O
Hypnum plumaeforme 8 1 00 0 O 2 4 05% 8 9 0364
I sopterygium albescens 0 0 O 0 0 2 11 0037 11 17 0.706
| sopterygium fauriei 0O 0 O 0O O 0O O 2 4 0462
Lejeuna flava 0O 0 O 0O O 1 12 0003 O O
Leucobryum bowringii 0O 0 O 27 8 0.003 0O O 0 O
Leucobryum chlorophyllosum 5 8 0713 0 O 0 O 0 O
Leucobryum juniperoideum 0O 0 O 0 O 2 16 0001 11 16 0.346
Metzgeria darjedlingensis 0O 0 O 0 O 4 14 0002 0 O
Pellia epiphylla 2 3 o068 0 O 0 O 0 O
Plagiominum acutum 0 0 O 0 0 7 7 063 0 O
Plagiothecium cavifolium 0O 0 O 0 O 6 8 085 0 0
Pseudotaxiphyllum pohliaecarpum 0 0 O 0 O 0 O 8 16 0.256
Rhyncostegium contractum 0O 0 O 0 O 10 6 0517 0 O
Rhyncostegium pallidifolium 0O 0 O 0 O 12 13 0587 0 O
Taxiphyllum subarcuatum 16 7 0115 33 8 <0.0001 O O 0 O
Thuidium kanedae 0O 0 O 0 O 6 9 015 0 O
Trachycystis microphylla 0O 0 O 0O O 0 O 7 2 0134
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Appendix D. Technical methods

Chemical data compilation and computation

Only samples that were fully analysed (i.e. pH, UV absorbency, Al-fractions, major anions and cations
and alkalinity) were used to calculate arithmetic averages, medians, quartiles and percentiles. Data on
Al fractions were analysed when pH was below 5.5. Alkalinity was measured when pH was higher
than 5.0. The reported value for Alkalinity is based on the titrated value subtracted for the amount of
H* added in order to lower the pH to 4.5.

Deposition data (WO, BP, CTF and FTF) are volume weighted. Total fluxes were determined by
calculating the product of the volume weighted value and the total volume of deposition.

Where alkalinity measurements were missing in samples with pH above 5.5 the bicarbonate in
samples from WO, BP, CTF, FTF and SW were calculated using the sample pH and assuming pCO. in
equilibrium with the atmosphere.

Acid Neutralizing Capacity (ANC) is calculated as the equivalent sum of base cations
(CaZ*+Mg?*+Na'+K*) minus the equivalent sum of strong acid anions (SO,+ NOs+ CI” + Free F).

Crown condition assessments

Within the 10 monitoring plots, the same annually crown condition assessment activities are carried
out. An overview of the methods is given in Table D-1, and is based on the methods of |CP-Forests
(Anon. 1998), with afew modifications for Chinese forests:

Defoliation is defined as the loss or lack of needles/leaves. It is assessed in the upper part of the crown,
and is given in percent rlative to a healthy tree. It includes effects of all types of stress and damage to
the tree, i.e. both of effects of naturally occurring pests and diseases, and of air pollution. The
defoliation assessments are subjective, and are thus supplemented by a suite of other indicators (Table
D-1), in particular defoliation type, foliage damage and needle retention. Needle retention is the
number of year of living needles present on the tree and it is only estimated on pine trees. Defoliation
classes from |CP-Forest are shown in Table D-2.

Table D-1. The indicators recorded during crown condition assessment, based on the methods of 1CP-
Forests (Anon. 1998)

Indicators Classes
Species
Socia status 5
Tree Removal / mortality 14
Crown shading 6
Crown visibility 4
crown Defoliation extent In 1% steps
type 7
extent in 1% steps
colour 6
Discoloration type 9
foliage location 6
foliage age 3
Needle retention year
Foliage size 4
Foliage damage extent in 5% steps
type many types
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Reproducti | Flowering 3
ve structure | Fruiting 3
Secondary shoots 3

Dieback extent in 5% steps
type 6

branches S type many types
amage location 4

Epiphytes Many types, parasites separately identification

stem Damage type many types

Damage location 6

Table D-2. Defaliation classes according to UN/ECE and EU classification (Anon. 1998)

Defoliation class Needle/leaf 10ss Degree of defaliation
0 Upto10% None
1 >10-25% Slight (warning stage)
2 >25-60% Moderate
3 > 60 - <100 % Severe
4 100 % Dead

Foliar chemistry

In the four intensively monitored plots, foliage is sampled annually for foliar chemistry anayses.
Foliar samples are collected every year on the main species of the plots in the autumn or anytime
during the dormancy period. 3 trees are sampled on each of the intensive plots. They are outside the
30*30 m plot, belong to the predominant and dominant classes (Kraft 1-2), and be representative for
the sanitary status of the plot.

The sampled foliage was taken from the upper third of crown, but not from the very first whorls;
preferably between the 7th and the 15th whorl. The foliage sampled shall have been developed in full
light. After the samples drying at 60-70 degrees Celsius, the mass of 100 needlesis measured. The fine
grounded and homogeneous samples powder were extracted with HNO3/HCIO4 in Teflon-bombs,
using microwave, or other methods of similar quality, then determined by ICP/AAS/AES for the total
element concentration of Ca, Mg, Na, K, N, Al, Pand S.

Vegetation monitoring concept

The basic principles of the ground vegetation monitoring concept used in the IMPACTS forest
catchments (based on experience from monitoring of forests in Norway; for details in theory and
methods, see the IMPACTS ground vegetation manual), may be summarised as.

(1) Sdection of monitoring areas must take into account the regional variation within a country
in the intensity of impact factors (e.g. airborne pollutants) and climatic and other natural gradients.

(2) The variation along all presumably important vegetation and environmental gradients within
the selected forest type must be included in each monitoring areain similar ways.

(3) Ground vegetation, tree variables, soil variables and other (local) environmental conditions
of importance for the vegetation have to be recorded in the same, permanent marked plots.

(4) Identifying and understanding the complex relationships between species distributions, the
total species composition and the environmental conditions in each monitoring area are necessary as a
basis for interpretation of changes in ground vegetation, and the relationship of vegetation changes to
(changes in) the environment.
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(5) Observed changes in nature caused by anthropogeneous (human-induced) factors not of
primary interest for the monitoring study may interfere with and obscure trends related to the factors of
primary interest. Change due to such factors should be kept at a minimum.

(6) The sampling scheme must take into consideration the purpose of the monitoring and meet
requirements for data analyses set by relevant statistical methods (implies constraints on sample plot
placement, sample plot number and sample plot size).

(7) All plots must be re-analysed regularly (for most forest ecosystems yearly reanalyses will
cause too much damage due to trampling etc.; 5-year intervals may be an optimal compromise, asin
the ground vegetation monitoring in Norway).

Ground vegetation sampling

In each of the five IMPACTS catchments “ randomisation within selected blocks” was used: ten macro
sample plots, each 10x10 m, were placed subjectively in order to represent the variation along
presumably important ecological gradients (in aspect, nutrient conditions, light supply, topographic
conditions, soil moisture etc; see e.g. T. @Gkland 1996). Each 10x 10 m macro sample plot was
positioned in the centre of one 30x30 m extended macro plot (used for recording of tree parameters).
Five 1-m? sample plots were placed at random in each macro sample plot, resulting in 50 1-m? sample
plotsin each catchment.

Two abundance measures were used: (1) Frequency in subplot, by which each of the 1-n? plots (50
plots in each reference areq) is divided into 16 subplots of equal size. Presence/absence of all species was
recorded for each subplat, and frequency in subplots calculated for each species. A species was recorded
as pgesent when covering a subplot. (2) Percentage cover, as estimated visually for each speciesin each
1-m” plot.

Severa tree layer, environmental and other explanatory variables (see manual for details) have been
recorded in or just outside the 1-m? plots and in the 10x10 m macro plots: (1) topographical variables,
(2) tree influence variables and (3) soil physical and chemical variables (the latter measured both in A
and B1 soil horizons).

Statistical analysesfor ground vegetation

Ordination methods were applied to initial data matrices (subplot frequenciesfor al speciesrecorded in
al plots at establishment) from each catchment to summarise main vegetation gradients. Two
ordination methods were used in parallel, as recommended by R. @kland (1990): Detrended
Correspondence Analysis, DCA (Hill 1979; Hill & Gauch 1980) and Local Non-metric Multi-
dimentional Scaling, LNMDS (Kruskal et a. 1973; Minchin 1987). Kendall’s non-parametric
correlation coefficient t (cf. Sokal & Rohlf 1995) between corresponding plot scores aong DCA and
LNMDS axes was calculated as a measure of concordance; strong correlations between axes in the
two ordinationsindicated axes that expressed ‘true’ vegetation structure.

Ordination axes are vegetation gradients. In order to elucidate the complex relationships between
species composition and environmental conditions, these gradients must be interpreted for each
catchment by means of the measured explanatory variables. Ecocline [gradients in vegetation and
environmental factors] interpretations of the ordination axes were made by calculation of Kendall’s t
between plot scores along DCA and/or LNMDS axes and explanatory variables.

Analyses of vegetation gradients with environmental interpretation are exemplified by analyses of data
for the all five catchments.

Statistical methods are also used to test if vegetation changes from one time-point of analysis to the
next are significantly larger than expected by chance (Wilcoxon's Signed Ranks test for one sample;
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cf. Sokal & Rohlf 1995). Statigtical tests of vegetation changes are exemplified by analyses of data
from the four (LCG, TSP, LGS, CJT)catchments below.

Ground vegetation change in all four catchments from establishment year to the first re-analysis two
years latter was analysed by testing the hypothesis of no change (median change = 0, against the two-
tailed alternative; Wilcoxon'stest. Change in three variables was tested:
(1) Abundance (subplot frequency) change for each species of vascular plants and bryophytes
with observed abundance change in > 5 plots.
(2) Thetotal number of species, the number of vascular plant species, and the number of
bryophyte species, respectively, in each 1-m? plot.
(3) Change in species composition, as given by plot scores along environmentally interpreted
ordination axes; i.e displacement of plotsin DCA ordination space for ordination of 100
sample plots (the 50 plots analysed at establishment and the 50 reanalysed plots).

94




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




