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II. Executive Summary

China is confronting significant environmental challenges across the board, from air and water
quality to natural resource management, waste management, toxics exposure, biodiversity
conservation, and greenhouse gas emissions. All of this is occurring in the context of high
population densities, rapid economic growth, and the imperative of lifting large numbers of people
out of poverty. Given the challenges China faces, it is important for the government to have policy
tools that are adequate for guiding and prioritizing action. Globally, the move toward a more data-
driven empirical approach to environmental protection promises to better enable policymakers to
spot problems, track trends, highlight policy successes and failures, identify best practices, and
optimize the gains from investments in environmental protection. China, like many countries, has
employed performance metrics in areas such as economic, educational, and social policy. It is natural
to extend this practice to the environmental sphere.

This project was conducted by a team of researchers at Yale University, Columbia University, City
University of Hong Kong and Chinese Academy for Environmental Planning. The work was carried
out from late 2008 through mid-2010 and reflects the state of China environmental data availability
and policy developments during that time period (Appendix 3 provides details on the most recent
environmental targets from the 12" Five-Year Plan). The project explored the feasibility of
constructing a provincial level Environmental Performance Index (EPI) in China. The main purpose
was to describe a process and identify the elements that would be required for creating a China EPIL.
Although we provide a proposed framework, sample indicators, targets, and other elements of an
EPI, we in no way suggest that this is the only blue print for creating a provincial EPI in China. In
other words, the results are meant to be illustrative, not definitive. This was a research project; an
operational EPI would need to be designed and developed by government and civil society
stakeholders within China.

An EPI includes environmental indicators that are (1) normalized by proximity to policy targets (with
100 representing at or above the target and O representing farthest from the target), (2) grouped into
relevant policy categories, and (3) aggregated into an overall index with or without weighting. These
indicators provide a gauge at any relevant scale — nation, province, or city — of how close different
jurisdictions are to established environmental policy goals. The proximity-to-target methodology
facilitates comparisons between geographic entities (districts, cities, provinces, or nations) as well as
analysis of how provinces and the country as a whole perform on each policy issue.

Any EPI requires the following core elements:

* A carefully constructed and theoretically grounded framework of indicators that
encompasses the range of high-priority environmental issues and situates them with respect
to one another in a nested manner.

* Baseline measurements for each indicator.

* Policy targets, whether based on explicit government decisions or alternative sources, against
which to measure observed environmental outcomes.

* Methodological transparency with regard to indicator construction and a capacity to evaluate
uncertainties in the underlying data.



* Ongoing measurement programs that provide regular, consistent updates for all data
required to calculate indicators.

* A clearly spelled out basis for assigning weights to constituent indicators, to permit
aggregation to the index level.

No country or international organization currently possesses all these elements to the full extent
desirable. Some jurisdictions approach “best practices,” while others fall far short due to competing
policy priorities, insufficient technical and financial capacities, or institutional weaknesses. Interest in
producing environmental performance indicators almost always rises before all the elements
identified above are in place. Given the high priority put on progress toward pollution control and
natural resource management goals in many countries and the increasingly recognized value of a
data-driven approach to environmental policymaking, such interest can be observed to be increasing
around the world.

Although there is considerable interest in the development of a provincial level EPI within China,
we found that not all of the elements are yet in place for its development. The absence of clear
policy targets for many indicators, the lack of suitable data for some important policy areas (fisheries
and water quality), and an inability to properly evaluate data sources meant that we stopped short of
producing an aggregated EPI. Instead, in this report we present the results of an in-depth study of
the main environmental issues and China’s policy responses for 12 environmental policy categories,
current international best practices in measurement for those policy areas, and China’s own
measurement practices. We also chose selected indicators for these policy categories (32 in total),
clearly spelling out the strengths and limitations for each one, and present ranked results by province
in the form of tables and maps. We did not feel that it would be appropriate to normalize or
aggregate these indicators. Instead we identify the elements of a system that would need to put in
place for tracking environmental performance across the 12 policy categories.

Opverall, it is our sense that China has made important inroads in environmental monitoring and
policy, but that the country would benefit from greater transparency and freer access to data,
especially raw data from monitoring systems and spatial data on environmental conditions. Such
transparency could, in turn, stimulate the research and policy communities to develop innovations
that will help the country to navigate the difficult paths of sustainability. Even in the very best
scenario, however, a country the size of China with economic growth rates of close to 10%, will face
significant environmental challenges. An EPI will help the government to design policies and
programs that will improve environmental conditions, and provide useful information on provinces
that are lagging in environmental performance so that resources can be better targeted.



III. Main Report

Project Overview and Objectives

China's environmental challenges have become the focus of considerable domestic and international
attention. China has long suffered environmental problems common to low income countries —
inadequate water supplies in terms of quantity and quality, high levels of ambient air pollution, and
threatened biodiversity. Yet, with the advent of China as a major industrial power, a host of new
problems associated with affluence are beginning to appear. Recently China passed the US as the
world’s largest emitter of carbon dioxide and passed Japan to become the world’s second largest
economy (IEA, 2010). Plumes of air pollutants and dust from desertified lands now affect many of
its Asian neighbors. Agricultural and wild lands are rapidly being urbanized. Toxic wastes are
accumulating.

In the face of these challenges, China’s policymakers need strong analytic foundations on which to
build pollution control and natural resource management programs. Provincial-scale environmental
indicators can help to spot critical issues, track trends, evaluate policy success, and target funding.
Better environmental data and fact-based analysis as well as commitment to transparency and
vigorous policy debate can help China’s transition to sustainability.

This project was conducted by a team of researchers at Yale University, Columbia University, City
University of Hong Kong, and the Chinese Academy for Environmental Planning. The work was
carried out from late 2008 through mid-2010, and thus, apart from Appendix 3, does not reference
the 12" Five Year Plan. The project explored the feasibility of constructing a provincial level
Environmental Performance Index (EPI) in China, excluding Hong Kong, Macau, and Taiwan, for
which we were unable to obtain comparable data. The main purpose was to describe a process and
identify the elements that would be required for creating a China EPI. Although we provide a
proposed framework, sample indicators, targets, and other elements of an EPI, we in no way suggest
that this is the only blue print for creating a provincial EPI in China. In other words, the results are
meant to be illustrative, not definitive. This was a research project; an operational EPI would need
to be designed and developed by government and civil society stakeholders within China.

The Yale Center for Environmental Law & Policy and the Center for International Earth Science
Information Network (CIESIN) at Columbia University have been the world leaders in developing
national-scale environmental indices since they launched the Environmental Sustainability Index in
the year 2000. The most recent of these reports, the 2010 Environmental Performance Index (EPI),
provides national policymakers with a scientifically accurate and easily applicable tool for data-driven
environmental decision-making. The 2010 EPI ranks 163 countries by their proximity to targets for
25 indicators and allows countries to benchmark their management against that of their neighbors
and peers.

The EPI, however, only addresses environmental issues at the national scale. Given China's diverse
geographical landscapes and extensive environmental policy-making scope by local governments, a
sub-national index is a more effective tool for the development of environmental policy. In
partnership with the Chinese Academy for Environmental Planning (CAEP) of China’s Ministry of
Environmental Protection, City University of Hong Kong, and CIESIN at Columbia University’s
Earth Institute, the Yale Center for Environmental Law & Policy launched a project to assess
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management and performance at the provincial level across a broad range of environmental
categories. The project was conceived to answer a basic question: Is it possible, given available data,
to develop an environmental performance index that ranks all province-level administrative areas in
China on the basis of their proximity to clearly identified policy targets? Based on extensive
consultations and an exhaustive review of available data, the short answer to this question is “no.”
While we were able to rank provinces for 32 indicators in 12 environmental policy categories (e.g.,
air pollution, water quality, climate change, biodiversity, agriculture, and forestry)', the absence of
clear policy targets for many indicators, and an inability to sufficiently evaluate the data meant that
we stopped short of producing an aggregated environmental performance index. The elements that
are missing for the production of a full EPI are described in more detail in the following section on
Measurement Assessment.

Beyond exploring the potential for the creation of an aggregated EPI for China’s provinces, this
project had further objectives such as developing a framework for the assessment of China’s
environmental challenges and informing policymakers of best practices in measurement and
performance assessment. These objectives were, we believe, fully met. The China EPI framework
(see following pages), developed in consultation with many environmental experts in China and the
US, provides a tailored set of issues and indicators that will be important to track for the foreseeable
future. The project also serves to inform China’s environmental policy-makers of data collection
needs, best practices in measurement, and the importance of establishing and monitoring progress
towards concrete performance targets. It is hoped that, with attention to these matters, it will be
possible to develop an aggregate provincial level EPI in the future.

This project report and the accompanying China EPI data set are available on the Internet at the
following sites: http://envirocentet.yale.edu/chinaepi and http://ciesin.columbia.edu/chinaepi/.

I A 13t category, fisheries, does not have any indicators because of the difficulty of attributing responsibility for impacts
on coastal fisheries to any given province.
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Main Overview of the Report

A. Measurement Assessment

This project explored the feasibility of constructing an Environmental Performance Index (EPI) at

the provincial level in China. An EPI requires the following core elements:

* A carefully constructed and theoretically grounded framework of indicators that encompass
the range of high-priority environmental issues and situates them with respect to one
another in a nested manner.

* Baseline measurements for each indicator.

* Ongoing measurement programs that provide regular, consistent updates for all data
required to calculate indicators.

* Methodological transparency with regard to indicator construction and a capacity to evaluate
the underlying data.

* Policy targets, whether based on explicit government decisions or alternative sources, against
which to measure observed environmental outcomes.

* A clearly defined basis for assigning weights to constituent indicators, to permit aggregation
to the index level.

No country or international organization possesses all these elements to the full extent desirable.
However, some jurisdictions approach “best practices” while others fall far short. Given the high
priority put on progress toward pollution control and natural resource management goals in many
countries and the increasingly recognized value of a data-driven approach to environmental
policymaking, interest in producing environment performance indicators almost always emerges
before all the elements identified above are in place. All countries and organizations pursuing such a
goal are pioneers charting a new direction for scientifically grounded, empirically oriented

environmental decision-making.

We find that some of the elements of the foundation needed to construct an analytical
framework suitable for the production of an EPI in China at the provincial level are in place.
Chinese environmental policy-making is sufficiently advanced across a broad range of policy issues
that it is possible to identify high-priority environmental issues, to group them into meaningful
categories, and to nest them within a hierarchical structure. The ability to construct the requisite
framework was strongest for industrial pollution and weakest for ecosystem conservation. This
imbalance is common in many countries. While there remain challenges to constructing a robust
analytical framework that can serve as the basis for an operational EPI, these challenges are not
overwhelming and could be addressed by the Chinese government.

We find that the existence of baseline environmental data is highly uneven. Less than half of
the candidate indicators we evaluated had baseline data against which to benchmark environmental
performance. Baseline data were most prevalent for economic sustainability indicators (68%) and
least prevalent for ecosystem vitality indicators (20%), while environmental health indicators were in
the middle (42%). This pattern reflects the priorities of Chinese environmental policy-making in the
past decade, which has emphasized pollution control and resource efficiency in the industrial sector.



The recent high-level commitment to sustainable development is encouraging, but it has not yet
been matched by measurement systems that are capable of monitoring performance across the

appropriate range of issues.

We find that ongoing measurement systems are also highly uneven. Consistent measures,
produced on a regular basis, following established methodologies, in a transparent and verifiable
manner, are critical for environmental performance monitoring. In China, the measurement systems
related to industrial efficiency are exemplary models. In this arena, the published data meet the
foundational requirements and, as a result, permit operational use of performance indicators in the
five-year plans. The other measures generally fall short. For example, methodologies for ecosystem
measures tend to change over time, making comparison problematic, and the metrics used to
measure air and water quality are highly transformed in ways that make tracking performance
difficult.

We find that difficulties in accessing raw data hinders the kind of data evaluation that would
be required for a province-level index. This report provides pilot indicators based on official
statistics. We did not have the ability to independently evaluate those statistics in order to produce
uncertainty estimates. Data evaluation can be accomplished in a number of ways. For example, to
evaluate the uncertainties in air and water pollution metrics it would be useful to obtain raw
monitoring station data so as to identify spatial and temporal anomalies. Monitoring station data can
also be aggregated to different administrative levels for different time periods and compared to
official statistics. This project found that official statistics for most indicators lacked detailed
information on data collection methods and monitoring systems, and in no instance were we able to
obtain raw data from monitoring stations. Nor were we able to obtain data from third parties that
might have been used to corroborate official statistics. For all these reasons, it proved difficult to
assess the validity and reliability of the official statistics. Without recourse to raw or third-party data
for data validation, we did the next best thing, which is to analyze time series for outliers, and in one
instance (air quality), to analyze separate sets of official statistics measuring the same phenomenon

(see Appendix 1).

Policy targets for the vast majority of candidate indicators are not easily identified. Overall,
we were able to establish a basis for constructing a policy target for 21 of the 33 indicators we
included—S8 in the environmental health objective, 7 in the ecosystem vitality objective, and 6 in the
economic sustainability objective. Of the 50 additional indicators that we considered but decided
against including, none of them had policy targets. The lack of properly specified policy targets is
not unique to China. Similar challenges around goal setting exist in many countries, especially in the
developing world. Unfortunately, the limited number of plausible policy targets makes construction
of a useful EPI nearly impossible.

We find that there are no technical obstacles to the selection of indicator weights and an
appropriate aggregation methodology. This conclusion is somewhat tentative because it is based
on an analysis of the indicators for which we had necessary inputs. It is most uncertain concerning
the highest level of aggregation that integrates environmental health, ecosystem vitality, and



economic sustainability indicators into a single overarching index. Because the indicators are not
spread evenly across the three areas, we have not been able to fully test their robustness with regards
to weighting. Based, however, on the information at hand and our experience in other settings, we
are cautiously optimistic that indicator aggregation will not be a technical problem in moving
forward. Since any weighting scheme necessarily reflects value judgments about the relative
importance of different environmental issues, at the political level there may be other issues that will

arise.

In conclusion, we find that China has a solid foundation on which to build a cutting-edge
environmental performance measurement system at the provincial level. However, key
weaknesses in methodological structure, transparency, the capacity for data verification,
and policy target selection need to be addressed in order to realize the potential for a full-
blown EPI at the provincial scale. A growing reliance on robust environmental performance
measurement is found in some sectors (such as energy efficiency and COD discharges) and regions
of the country (such as the Pearl River Delta region in air quality monitoring). Likewise, there exists
interest in monitoring programs and the capacity to set policy as well as to evaluate the impact of
government interventions based on solid data. There is a high-level commitment toward the
integration of scientific knowledge about environmental sustainability into all aspects of policy-
making. This foundation can most effectively be built on to construct an EPI by directing attention
toward extending measurement activities across a broader range of policy areas, by adhering more
closely to established norms of indicator construction, and by engaging in assessments and
deliberations that flesh out a basis for identifying policy targets.

B. Calculating an Environmental Performance Index

To develop a national-level EPI requires multiple steps. The first priority is to establish a framework
that includes the most relevant objectives and policy categories for the country (see the table in this
section). For the China EPI the framework was the subject of extensive discussion, and ultimately
resulted in the inclusion of a third objective on Economic Sustainability that was not in the global
EPI. This objective focuses largely on resource efficiency, which is a major policy priority of the
Chinese government

After a framework is established, for each policy category indicators need to be identified that most
closely measure the parameter of interest. For the 2010 EPI, the following criteria were used:

Relevance: The indicator tracks the environmental issue in a manner that is applicable to
countries under a wide range of circumstances.

Performance orientation: The indicator provides empirical data on ambient conditions or on-the-
ground results for the issue of concern, or is a “best available data” proxy for such outcome

measures.

10



Transparency: The indicator is based on peer reviewed scientific data or data from the United
Nations or other institutions charged with data collection.

Data gnality: The data represent the best measure available. All potential data sets are
reviewed for quality and verifiability. Those that do not meet baseline quality standards are
discarded.

Often indicators are chosen on the basis of available data, but there may be good reasons to include
indicators for which data are not yet available in order to flag important environmental issues in
need of attention and to spur data collection efforts. Generally data come from government
agencies, research institutes, academic institutions, or international agencies. The format of the data
generally follows from how they were collected or processed. Data from water or air quality
monitoring stations are point data, data from biodiversity surveys may represent point or area
estimates, and data from model outputs or remote sensing represent pixels or larger areas.

If sub-national units are being used as the unit of analysis (e.g. provinces or states), then data often
need to be normalized to be comparable. This is because comparing raw values (e.g. total area
deforested, or total emissions) would not reflect the different territorial sizes, environmental
endowments, and demographic and economic contexts of each unit. Common normalizations
include percent change (e.g. rates of deforestation over some time period), units per economic
output (e.g. energy use per GDP), units per area (e.g., percent territory where water extraction
exceeds a certain threshold), or units per population (e.g. CO, emissions per capita). Note that the
denominator in each case should be relevant for the environmental issue of interest. Furthermore, in
other cases it may be useful to weight exposure to some harmful thing (e.g. air pollution) by the
population exposed. If ambient air pollution is higher in heavily populated urban areas where 75%
of the population lives, it makes sense for the ambient levels for urban areas to contribute 75% to

the score for that unit and for rural areas to contribute only 25%.

It is critical to determine if the data are valid (correspond to the “real world”) and reliable (the
results are consistent over time). There is no single test for validity and reliability, but an
investigation into the monitoring systems and adherence to proper protocols is usually enough to
establish if the data can be used for indicator construction. It is also helpful to run statistical tests for
outliers, or to compare against data sets measuring the same or similar parameters. If multiple
sources of data are available for a given indicator, a thorough vetting of the relative strengths and
weaknesses of each data source can uncover anomalies or potential issues with regards to validity
and reliability (see Appendix 1 for an evaluation of two air quality data sets for China).

To be aggregated, raw data need to be transformed into indicators. The global EPI is based on a
proximity-to-target methodology whereby each country’s performance on any given indicator is
measured based on its position within a range established by the lowest performing country
(equivalent to 0 on a 0-100 scale) and the target (equivalent to 100).
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This can be illustrated through the following diagram.
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The generic formula for the proximity-to-target indicator calculation in the context of the global EPI
is as follows:

(international range) — (distance to target)
x 100

(international range)

For example, in the 2010 EPI, China’s score for the indicator Access to Sanitation (i.e., percent of
population with access to adequate sanitation) is calculated as follows:

e The target is 100% access to sanitation.

* The worst performer is Eritrea, with 5% of its population with access to adequate sanitation.
In the EPI terminology, Eritrea’s raw score is 5%.

¢ For the 2010 EPI most of the indicators were winsorized, meaning that the tail end of the
distribution was “trimmed” at either the 95" or 97" percentile.” In the case of Access to
Sanitation, this value is 10.9%. Therefore the international range is 100-10.9 = 89.1.

e China’s value is 65%, so its distance to the target is 35.

China’s proximity-to-target score for Access to Sanitation is calculated as follows: (89.1-35/89.1)
x 100 = 60.7. By contrast, Eritrea’s proximity-to-target score is 0.

Since targets are essential to the indicator calculation, the next step is to identify potential targets for
each indicator. For national-level EPIs, these are preferably derived from government plans or
policies. Failing this, international targets (e.g. from environmental treaties or global organizations

2 Trimming the tail is a simple matter of examining the entire distribution, and “pulling in” outliers at the low end of the
petformance spectrum by establishing the low performance benchmark at the 95% or 97% percentile of the disttibution.
As described in this bullet, if Eritrea represents the 100 percentile (the lowest performance) at 5% coverage, then the
95% percentile of the range is 10.9% coverage.
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such as the World Health Organization), scientific criteria, or expert judgment may be used. In the
EPI, achieving or exceeding the target is equivalent to a score of 100 on the 0-100 scale. If a target
cannot be identified for a candidate indicator based on some scientific or policy grounds, then there
is good reason to question its inclusion in the overall framework. For example, for coastal water
quality the benchmark for what might be considered acceptable levels of chlorophyll-a concentration
will vary significantly based on the type of coastal waters — e.g. estuarine environments, eutrophic

systems, and areas of coastal upwelling.

After establishing the target, it is necessary to establish the low performance benchmark, which is
the low end of the EPI range (equivalent to 0 on the 0-100 scale). For EPIs based on sub-national
units such as states or provinces, the low performance benchmark is usually established by the worst
performing sub-national unit on that particular indicator. In the example above, in the 2010 EPI the
country with the lowest percentage of its population with access to adequate sanitation is Eritrea
with 5%, which is below the winsorized low performance benchmark of 10.9%, so Eritrea scores a 0
on the indicator Access to Sanitation. It is also possible to set the low performance benchmark by
using time series data (e.g., the lowest performance in a 10 year time series of a given parameter) or
by establishing some theoretical minimum. For example, though there is no country in which 0% of
the population has access to adequate sanitation, nevertheless the lowest theoretical rate of coverage
would be 0%.

If the underlying raw data are heavily skewed, it may be necessary to perform a logarithmic
transformation on the data. This serves two purposes. First, and most importantly, if an indicator
has a sizeable number of sub-national units very close to the target, a logarithmic scale more clearly
differentiates among the best environmental performers. Using raw (untransformed) data ignores
small differences among top-performing countries and only acknowledges more substantial
differences between leaders and laggards. The use of the log transformation has the effect of
“spreading out” leaders, allowing the EPI to reflect important differences not only between the
leaders and laggards, but among best-performing leaders as well. Secondly, logarithmic
transformation improves the interpretation of differences between sub-national units at opposite
ends of the scale. For example, in the 2010 EPI, consider two comparisons of particulate matter
(PM10): top-performers Venezuela and Grenada (having PM10 values of 10.54 and 20.54,
respectively), and low performers Libya and Kuwait (87.63 and 97.31, respectively). Both
comparisons involve differences of 10 units on the raw scale (ug/m’), but they are substantively
different. Venezuela is an order of magnitude better than Grenada, while Libya and Kuwait differ
by a much smaller amount in percentage terms. Compared to the use of the raw measurement scale,
the log scale somewhat downplays the differences between the leaders and laggards, while more
accurately reflecting the nature of differences at all ranges of performance. This can encourage
continued improvements by the leaders, where even small improvements can be difficult to make,
but provides relatively fewer rewards for the same amount of improvement among the laggards.
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Once the raw data are ready to be transformed into proximity-to-target indicators, the following
specific formulas are used depending on whether larger numbers on the raw scale imply good or bad
performance:

Where high values equate to good performance (e.g. protected areas coverage):
100 - [(target value - winsotized value) x 100 / (target value - minimum winsorized value)]

Where high values equate to bad performance (e.g. air pollution emissions):
100 - [(winsotized value - target value) x 100 / (maximum winsorized value - target value)]

This results in each unit of analysis being assigned a score ranging from 0-100 for each indicator.

The final step is to aggregate the indicators into policy category, objective, and overall EPI scores.
Aggregation at each stage can be accomplished by a simple average of indicator proximity-to-target
scores into policy categories, then of policy category scores into objectives, and then objective scores
into the EPI. But often there are theoretical, scientific, or policy reasons to apply differential
weighting at each stage of aggregation. At the indicator level, some indicators may be considered
more robust or may more closely track the policy area of interest, and therefore be deserving of
greater weight. For example, in the 2010 EPI the Environmental Burden of Disease (EBD) as an
indicator is given 25% of the weight of the overall EPI score, whereas the four other indicators are
each given a weight of 6.25%. This was based on a determination that the EBD more closely tracked
the issues of interest to the Environmental Health objective, and in some ways represented a
summation of the other indicators.

There are also valid reasons to suppose that some policy categories are worthy of greater weight in
the overall aggregation. For instance, in the Pilot 2006 EPI the policy category addressing climate
change was only contributed 10% to the overall EPI score within the Ecosystem Vitality objective.
By 2008 the EPI team determined, owing to the potential impacts of climate change on all other
ecosystem functions and its importance in international environmental discourse, that the climate
change policy category deserved a greater weight within the overall EPI. As of the 2008 EPI its
weight was increased to 25% of the overall score.

Choosing the proper weights is inherently subjective, yet whatever weights are chosen should be
provided in the documentation so that there is transparency. Note that if an indicator is only
relevant for certain regions (e.g., an indicator on marine fisheries may only relevant for coastal states
or provinces), then it can be given a 0 weight for those regions where it is not relevant (equivalent to
being omitted from the aggregation).

Once one has calculated the EPI, it is important to test the sensitivity of the framework and
aggregation methods. This requires some statistical skills in order to test the sensitivity of results
based on the framework, the weighting scheme, and other assumptions. An example of a sensitivity
analysis can be found in Chapter 5 of the 2008 EPI report (Esty et al. 2008), or in Appendix G of
the Pilot 2006 EPI report (Saisana and Saltelli 2000).
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C. Data Analysis

In the construction of the global EPIs, the best available data sets in all categories are used to
construct proximity-to-target indicators, which are then weighted according to expert judgment and
combined to result in an aggregate index score for each country. On this basis, countries can then
be ranked. The primary barrier to creating a comprehensive scaled aggregate index was the lack of
targets for many indicators, which renders it impossible to transform the raw data to a normalized
proximity-to-target indicator (with O representing the worst performing province and 100
representing “at target” provinces). This, in turn, means that the indicators cannot be averaged or
weighted to produce an aggregate index.

While the indicators were not aggregated into a composite index, we do present official statistics for
the indicators that we considered and selected as the most promising and/or useful for the China
EPI. These data sets are presented as ranked tables (from the best performer to the worst performer
by province) for the most recent year available for each indicator within each policy category section,
as well as charts and maps (where available) showing provincial comparisons. Further information
regarding the sourcing and breakdown of each indicator is available in the Indicators Metadata
section. The Indicators Metadata section also shows the distribution and outliers of each data set
over the available time series, often from 2002-2007.

The indicators presented in this report are not transformed into proximity-to-target scores because
targets were missing for some of the indicators. Normalization was sometimes performed in order
to increase the comparability of indicators across provinces. Some common normalizations include
dividing emissions totals by economic output to derive emissions intensities, dividing emissions by
populated land area to derive a measure of population exposure (on the assumption that most
emissions occur in more populated areas), and dividing emissions by population for a per capita
measure. The choice of normalization generally depends on the indicator in question.
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IV. Policy Categories

Environmental Health

A. Air Quality for Human Health

1. Introduction

According to the World Health Organization (WHO) estimates at the global level, indoor and
outdoor air pollution cause approximately two million premature deaths each year. Given its
significant human health impacts, air quality is perhaps the pre-eminent environmental policy
concern for developing countries. In recognition of this fact, WHO developed air quality guidelines
applicable to all countries that set acceptable thresholds for exposure (WHO 2008a).

China suffers from particularly high levels of air pollution. China is dependent on coal for much of
its electricity generation, and coal-fired power plants emit large quantities of particulate matter and
sulfur dioxide. Motor vehicle emissions are the fastest growing new source of particulates in cities,
and industry contributes many volatile organic compounds (Fang et al. 2009). China has been
making efforts to improve ambient air quality and indoor air quality by means of enforcing stringent
air quality standards, setting further emissions reduction targets, identifying special control zones,
establishing of a national air quality monitoring network, promoting development of public
transportation systems, and adopting fuel efficiency standards for light-duty passenger vehicles
(OECD 2007, 59). In the 11th Five-Year Plan (2006-2010), China specified goals to reduce overall
SO, emissions by 8.4 million tons and to reduce SO, emission from electricity and industry by at
least 10%, and to have 75% of key cities attain a Grade II air pollution index (API) at least 292 days
of the year (NDRC 20072 12).” In 2010 it was determined by the government that these goals were
met.

Despite these efforts, the air quality in China continues to be unsatisfactory, and the burden of
disease attributable to air pollution remains high. In the 2010 EPI China scored 40.1 on a range of 0-
100 for the human impact of air pollution policy category, far below the average scores for countries
in its income and regional peer groups (63.4 and 58.6 respectively) (Emerson et al. 2010). High levels
of air pollution can be attributed to the heavy dependence on high sulfur coal as an energy source,
the expanding use of fossil fuels in China’s transport sector, and the growth in the manufacture and
use of chemicals. Given the projected growth in GDP, China faces many challenges in tackling air
pollution.

3 MEP& the National Development and Reform Commission (NDRC): National 11t Five-Year Plan Environmental Protection ( {
EFFERP “F—7" X)) enacted on Nov. 22, 2007, available at http://www.gov.cn/zwgk /2007-
11/26/content_815498.htm ( last visited on 30 June 2010).
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2.  Ideal and International Best Practices for Measurement

The WHO has established international guidelines for particulate matter (PM, 5, PM,,), ozone (O),
nitrogen dioxide (NO,), and sulfur dioxide (SO,) (WHO 2005a; 2005b) (see Table 1). As
mentioned, particulate matter has particularly significant human health impacts. Though much of
the existing monitoring equipment still measures coarser particles (PM, ), which often include a mix
of anthropogenic and natural sources such as airborne dust, many countries are beginning to
monitor fine particulate matter (particulates measuring less than 2.5 microns — so called PM, ;).
Indoor air pollution tends to be dominated by PM, ;, but evidence shows that both indoor and
outdoor PM have significant impacts on health (WHO 2005a).

Table 1: WHO Air Quality Guidelines

Pollutant Guideline

Particulate Matter PMa2s 10 pg/m3 maximum annual mean

25 pg/m? maximum 24-hour mean

PMig 20 pg/m? maximum annual mean

50 ng/m3 maximum 24-hour mean

Ozone (O] 100 pg/ m? daily maximum 8-hour mean

Nitrogen Dioxide NO: 40 pg/m? maximum annual mean

200 pg/m? maximum 1-hour mean

Sulfur Dioxide SO, 20 pg/m? maximum 24-hour mean

500 pg/m? maximum 10-minute mean

Source: (WHO 20056 ; 2005¢)

For China, the WHO further recommends tracking air pollutants from coal-burning, such as
fluoride and arsenic (WHO 2008b 18-19). To evaluate progress on reaching pollutant guidelines,
especially for developing countries, the WHO has also set several gradients of interim targets (WHO
2005a). These interim target guidelines are available in the cited reference.

Other country/regional organization guidelines

The US Environmental Protection Agency (EPA) and the European Environment Agency have set
targets similar to the WHO guidelines for a number of pollutants (WHO 2000 ; EPA 2009a), and
the EPA has added lead (Pb) and carbon monoxide (CO). Countries often collect and report data
on atmospheric concentrations for specific pollutants and communicate to the public the relative
risk of outdoor activity. For example, the EPA reports an Air Quality Index (AQI) to inform the
public about outdoor air quality. The AQI served as a model for China’s Air Pollution Index (API),
which was conceived in 1995. At the time of this report’s publication, further amendments were
announced to the API will result in even closer conformity to the AQI..
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3. China’s Measurement Practices
Technical Standards and Guidelines

Outdoor Air Pollution

Cities with a population of greater than three million people are required to track urban air quality
with at least eight monitoring stations, and smaller cities are required to have at least one monitoring
point. China first established ambient air quality standards in 1982 and then amended them in 1996
using hourly, daily, monthly, seasonal and annual average concentrations of SO,, Total Suspended
Particulate (TSP) matter, PM,,, NO,, CO, Os, Pb and P[a]B. The ambient air quality standards were
then classified according to three levels: Grade I, Grade II and Grade 111, with Grade I standards
applying to nature reserves and other conservation areas, Grade II to residential, municipal and
agricultural areas, and Grade III to industrial zones (NEPA 1996). In 2000, the grade system gave
way to an Air Pollution Index (API) incorporating SO,, NO,, and PM,,. In 2007, new rules were
proposed to include CO and O; in API calculations, and in March 2011 the MEP released a second
draft of amended API specifications that include both pollutants (hourly and 8-hour average). Table
2 describes the thresholds used for assignment of API scores, and Table 3 compares the API with
the US EPA’s AQI scores.

Table 2: Thresholds for Calculating the Air Pollution Index

Pollution Index Pollutant Concentrations (mg/cubic meter)
SO, NO2 PMjo CO O3
API (daily average) (daily average) (daily average) (hourly average) (hourly average)
Updated 2000 Updated 2000 Updated 2000 Proposed 2007 Proposed 2007
50 0.050 0.080 0.050 5 0.120
100 0.150 0.120 0.150 10 0.200
200 0.800 0.280 0.350 60 0.400
300 1.600 0.565 0.420 90 0.800
400 2.100 0.750 0.500 120 1.000
500 2.620 0.940 0.600 150 1.200

Source: National Environment Monitoring Centre, 2007 p.267

Table 3: API (China) and AQI (US) Health Effects and Colors

API (China) | Air Quality Description AQI (US EPA) | Air Quality Description Reported Color
0-50 Excellent 0-50 Good Green

51-100 Good 51-100 Moderate Yellow

101-150 Slightly Polluted 101-150 Unbhealthy for sensitive groups | Orange

151-200 Lightly polluted 151-200 Unhealthy Red

201-250 Moderately polluted 201-250 Very Unhealthy Purple

251-300 Moderately-heavily polluted | 251-300 Very Unhealthy Purple

>300 Heavily polluted >300 Hazardous Maroon

Source: Andrews et al. 2008
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Indoor Air Pollution

The legislative history of indoor air quality IAQ) in China may be divided into three stages: starting
stages (late 1970s-1993), developing stage (1994-2000), and normative management stage (2001-

present).”

Since 2000, a series of hygienic norms and national standards have been issued. The Ministry of
Health (MOH) issued three hygienic norms in September 2001. “Hygienic norms of IAQ” set the
standards and sanitary requirements for IAQ of residential apartments and office building, sanitary
requirements for ventilation and purification, and the measurement methods of indoor air pollutants
and other parameters. Furniture and indoor decoration usually contribute a lot to IAQ and China
has issued several standards to regulate. For example, Wood-based Panels - Determination of
Formaldehyde Release - Gas Analysis Method® and Hygienic Limit of Formaldehyde Emission of
Wood-based Panels and Finishing Products’, specifying both the sanitary requirements and the
measurements methods, applies to wood-based panels products used in furniture manufacture and
indoor decoration.

The Code for Indoor Environmental Pollution Control of Civil Building Engineering’ was enacted
in 2002 by the Ministry of Construction and the China State Quality Supervision-Inspection-
Quarantine Administration (MOC and SQSIQA 2002). It is the first code for controlling indoor
environmental pollution for civil buildings.

China's first regulation setting required standards for indoor air quality® took effect on March 1%
2003. The regulation establishes a ceiling for 13 chemical pollutants including formaldehyde,
benzene, ammonia and several harmful particulate matters (SEPA 2002b). In 2004, the State
Environmental Protection Administration (SEPA) issued Technical Specifications for Monitoring of
Indoor Air Quality’ which includes sampling, monitoring items and the corresponding analytical
methods, data processing, quality control and reporting (SEPA 2004).

Methodology

The latest version of ambient air quality standards' were issued in 1996 and amended in 2000. This
standard mainly regulates the function area division of air quality, standard classification, pollutants,
monitoring time, concentration limits, sampling, analytical methods and data statistics, etc. In 20006,
regulations governing Manual Methods for Ambient Air Quality Monitoring'' and Automated
Methods for Ambient Air Quality Monitoring'® took effect. In order to improve the standardization
of ambient air quality monitoring, in 2007, SEPA issued the Specification for Ambient Air Quality

4 Information and standards available online at China Indoor Air Quality Center: http://www.chinaiaq.org/Im6.htm
S GB/T 23825-2009 { A it ke Hoifill m R EERE R E M E - SR o A )

6 GB18580-2001 (= NIz B A AR R Eofil o o FREERE PR &)

7 GB50325-2001 ( B TAZ = NIAEE 5 428 HIFLTE )

8 Indoor Air Quality Standard GB/T 18883-2002 (EEWNZES & )

9 HJ /T167-2004

10 GB 3095-1996

1 HJ /T 194-2005 FFE2E S E T TR R #HLE), promulgated by SEPA on November 9, 2005.

12 1J /T193-2005 FF5525 S5 & H 5 W I A E), promulgated by SEPA on November 9, 2005.

19



Monitoring (for trial use),” which focuses on the requirements for monitoring network design and
the setup of monitoring points, the methods and technical requirements of manual and automated
monitoring, and the management of air quality data.

Despite these efforts, we were unable to obtain raw data with which to evaluate the air quality
measurements,. Using available data, we report preliminary province-by-province results in the next
section.

Data Collection

The institution responsible for this data collection is China’s National Environmental Monitoring
Center (CNEMC), which measures daily average concentrations for PM,,, SO,, and NO, for over
600 major cities.

By June 2004, 688 automatic air quality monitoring systems had been installed in 234 cities, 118
cities reported a daily API to the public, and 47 cities reported the 24-hour air quality forecast to the
public (Wang et al. 2004). Information on the API, primary pollutant, grade and state of air quality
of 80 cities are issued on a daily basis through the Web sites of Ministry of Environmental
Protection (MEP) and the China National Environmental Monitoring Center (CNEMC).

To date, ambient air quality is only measured in urban areas, but the network is to be extended to
cover rural areas and also background pollution stations (CNEMC 2009). Although the location of
the monitoring stations has significant influence on the level of pollution measured, the location and
total number of stations included in the monitoring network remain unclear.

Instruments and Data Quality

The process of monitoring ambient air quality requires complex techniques and instruments and a
high level of expertise is needed for operation, calibration and maintenance. Since the concentration
data are made available as annual means, it is difficult to evaluate the impact of missing daily reports
(which can be caused by equipment failure) on the annual means, or to identify changes in the level
of emissions caused by the change in monitoring location of mobile stations. Since the creation of
the API system and mandated daily reporting requirements, several pollutant thresholds have been
shifted upwards so that scores that would have led to a higher API equivalent under the old system
now lead to lower (or “healthier”) scores (Andrews et al. 2008). Additionally, even though
mandated daily readings are supposed to be made purely by instruments and be tamper-proof,
statistical analyses in cases of concentrations reported close to the cut-off line for an API score have
shown a bias towards clustering just below the cut-off line, rather than being evenly distributed just
above and below the line as would be expected in a random distribution of instrument readings

(ibid.).

China’s Air Pollution Index (API) reporting system is calculated based on three major pollutants:
patticulate (PM,,/'TSP), nitrogen oxides (NO,, NO,), and sulfur dioxide (SO,) and air quality is rated

13 State Environmental Protection Administration Bulletin No. 4 issued on January 19, 2007. See { R4 &
) , available at http://www.mep.gov.cn/gkml/zj/gg/200910/t20091021_171691.htm (last visited on 19 July 2010).
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according to daily average concentrations, based on a scale from 0-500. The index also included
carbon monoxide (CO) and ozone (O;) from 1998 to 2000.

As previously mentioned, the API composite was modeled after the EPA’s Air Quality Index (AQI),
yet it includes several important differences that have significant impact on the reported pollution
levels:

1. The EPA’s AQI is based on the highest reading in a city for a given parameter in each 24 hour
period, whereas a city average concentration is used in China’s API. The reported API of the day is
the maximum API for daily average concentrations among the three pollutants—PM,,, NO, and
SO,—and the pollutant with the highest API is identified as the primary pollutant of the day.
From 2000 to 2007, PM,, was the major contributor for 85% of reported APIs.

2. The grading systems used by the two countries also differ (see Table 3 above). Air that is
considered “lightly polluted” in China is considered “Unhealthy” by the US standards. A “blue
sky day”” has been defined as a day when API does not exceed 100 — although the system is being
revised as of this report’s release.

CNEMC reports the daily API calculated from the worst pollutant of the day, and the capital city of
each province reports the number of days that meet Grade II standards is in the annual China
Environment Statistical Yearbook. China has set a nation-wide target for 75% of cities to meet
Grade II standards at least 292 days of the year.

In contrast to outdoor air pollution, there is no national level strategy for measuring the levels of

indoor air pollution.

Transparency

The API is widely measured, and at present 86 large cities report daily APIs. The daily API report is
accessible to the public at the China National Environmental Monitoring Center’s Web site.'* As of
this report’s release, 113 environmental key cities have daily air quality API monitoring report
available to the public through MEP’s web site."” The API tracks three parameters (PM,,, NO, and
SO,) because these are the major concerns in Chinese urban air pollution context. However, as
previously discussed, these three parameters are insufficient for measuring the health impacts for air
pollution, and it would be important to report separately the levels of each pollutant and to base the
API on a combination of all three. In addition, API only covers 113 of 600 cities in China. The API
is a good start, but it is recommended that China expand the number of pollutants monitored and
reported, expand the number of cities covered by the API, and report the location of monitoring
stations. In a positive development, in early 2011 MEP reported the number of monitoring stations

per province.

14 'The China National Environmental Monitoring Center is an institute directly under the Ministry of Environmental
Protection (B & B 2 J& % \k B {L). Its duties include nation-wide environmental monitoring, assessments and reports,
monitoring technology research, and policy consulting. For more information, visit http://www.cnemc.cn/index.aspx.
15 See http://www.cnemc.cn
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4.  Summary Indicator Calculations and Results

China EPI Air Quality Indicators

The air quality (effects on human health) policy category measures human exposure to harmful air
pollutants. Ideally, daily averages of houtly concentrations should be reported by monitoring station
for PM, ;, PM,,,, SO,, and NO,. With the exception of Beijing, however, no daily average
concentration data are currently available for monitoring stations. Furthermore, there is little public
information about the monitoring network, such as the number, type (i.e., urban, industrial,
background stations, ot roadside sites), and location (latitude/longitude) of stations, which is needed
to judge whether the network is representative of the city’s air quality and to assess human exposure
to certain air pollutants. Fortunately, recent developments suggest that more information is being

- 16
made available.™”

We created three performance indicators based on the available parameters:

Policy Policy Category . Indicator

Categories Codes Indicators Codes Data Source
Population E:C;:Zrznf:nm < 20 ug/m3 WHO
weighted PM,, | PMIO . target (£100ug/m3
concentrations Protection, China target)

2003-2007

Ai

p(')';lution Population Ministry of < 40 ugm3 WHO

(effects on AIR_H weighted SO, | SO2 Environmental | target (S80ug/m3 China

h concentrations Protection target)

umans)

Population Ministry of < 60 ug/m3 China
weighted NO, NO2 Environmental target (no yearly WHO
concentrations Protection target)

Province level indicators are calculated using city level air quality average annual concentration data
and population data. Demographic data comes from the decennial census in the year 2000, and the
emissions data are for the year 2007. The purpose of calculating a population-weighted
concentration for each province based on city level data is to better reflect the relative exposure of
the overall provincial population to different concentration levels. For example, if in a province with
data for two cities, one with a population of 3m people and a PM10 concentration of 100 ug/m3
and another with a population of 1m people and a PM10 concentration of 50 ug/m3, the provincial
concentration would be 87.5 ug/m3 ((0.75 x 100)+(0.25 x 50)=87.5).

The province level indicators of air pollution (effects on human) are calculated as follows:

* Use average annual city concentration values for PM,,, SO, and NO,
*  Weight city level pollution concentration levels by city #rban population'’

* Create a weighted average of the annual pollution concentrations based on the monitored
cities within that province

16 See http://58.68.130.147 /ait/ait/airtestpage.html.
17 According to the Chinese Census, cities include both urban and rural population, also referred to as agriculture and
non- agriculture population. We used only the urban portion of the population.
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Data Quality and Representativeness

We evaluated two ambient air quality data sets (see Appendix 1 for the full evaluation). Of the two
available data sets, one is short-term (2004-2007) and the other is long-term (beginning in 1998 for
SO,, 2000 for NO,, and 2003 for PM, ). Although the short-term data set has a higher number of
cities overall, it also has a higher level of missing values (so-called “missingness”). Based on these
findings, we considered the long-term data set as being most reliable and thus decided to use it in
our analysis. Only about one-sixth of the cities included in the national air quality monitoring
network are available for the three parameters in the long-term data set. Thus, the data cannot be

said to be truly geographically representative of air quality at the provincial and national level.

The result of the spatial and urban coverage analysis (see Appendix 2) reveals a good national level
spatial coverage, but poor coverage of the urban areas and populations. A little over 40% of the
urban population from the 31 provinces is covered. Based on the two analyses, we conclude that the
available city air quality data are incomplete, and thus inadequate for use in performance measures.

The following sections show the provincial ranks and analysis using the incomplete data.
Considering the limitation of the data, the results should be interpreted with caution for all
provinces with high levels of city missingness (identified in the indicator metadata in Section IV).

Correlations

The Pearson coefficients calculated for the three air quality PM10 NO2 SO
indicators show that PM,;,, SO, and NO2 are moderately PM10 1

positively correlated with one another. A study of Canadian cities NO2 0.45 1

found similar correlations between SO, and NO, concentrations SO, 0.48  0.30 1

(Burnett et al. 1998)

Ranks and Trend Analysis

The PM10 pollution levels highly exceed the WHO targets (< 20 ug/m”) for all provinces. Half of
the provinces also exceed the China target, which is set at five times the value of WHO cutoff (see
Appendix 1). While all provinces meet China SO, targets (< 80 ug/m?), only 7 (22%) meet the more
stringent WHO target. For NO, there is no clear WHO guideline, and 93% of provinces meet
China’s target of < 60 ug/m’.
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Figure 1 below shows annual mean concentrations for the three major air pollutants monitored in
China from the year 2007.
Figure 1. Air Quality for Human Health by Province
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The following table lists all provinces and their 2007 annual mean concentrations of the three
monitored air pollutants. Additional maps, charts, and analysis on air quality can be found in
Appendices 1 and 2.

Rank Province - Province - Province -

| Hainan 43.00 Hainan 12.00 Xizang 7.00
2 Guangxi 47.92 Guizhou 24.13 Hainan 9.00
3 Xizang 57.00 Anhui 24.49 Anhui 22.20
4 Guangdong 68.39 Ningxia 25.35 Fujian 27.52
5 Fujian 68.44 Xizang 27.00 Qinghai 28.00
6 Yunnan 75.79 Shandong 30.72 Jilin 28.28
7 Jiangxi 82.01 Jilin 31.45 Guangdong 34.96
8 Guizhou 85.91 Jiangxi 31.53 Heilongjiang 43.59
9 Shanghai 88.00 Shanxi 31.67 Beijing 47.00
10 Ningxia 93.76 Guangxi 33.40 Zhejiang 48.42
I Tianjin 94.00 Hunan 33.46 Jiangsu 49.86
12 Heilongjiang 94.04 Hebei 34.99 Shaanxi 49.95
13 Zhejiang 94.24 Qinghai 35.00 Jiangxi 52.76
14 Shandong 95.50 Liaoning 36.09 Shandong 52.94
15 Jilin 99.34 Nei Mongol 38.21 Liaoning 52.96
16 Sichuan 99.90 Shaanxi 3840 Guangxi 53.27
17 Jiangsu 100.02 Yunnan 39.05 Shanghai 55.00
18 Anhui 101.04 Gansu 40.43 Ningxia 56.39
19 Hebei 106.75 Jiangsu 40.62 Hubei 57.26
20 Chonggqing 108.00 Henan 40.90 Hebei 59.35
21 Henan 108.49 Sichuan 42.18 Sichuan 61.08
22 Hunan 109.26 Tianjin 43.00 Tianjin 62.00
23 Liaoning 109.56 Chonggqing 44.00 Gansu 62.09
24 Nei Mongol 112.87 Fujian 46.66 Henan 64.53
25 Shanxi 114.65 Heilongjiang 49.46 Chongging 65.00
26 Qinghai 115.00 Hubei 49.69 Yunnan 65.96
27 Hubei 115.53 Guangdong 52.73 Hunan 68.55
28 Xinjiang 126.53 Zhejiang 53.45 Guizhou 72.00
29 Gansu 126.74 Shanghai 54.00 Shanxi 72.12
30 Shaanxi 127.22 Xinjiang 62.81 Nei Mongol 72.28
31 Beijing 148.00 Beijing 66.00 Xinjiang 78.13
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The following maps depict the indicator scores by province. The maps consistently depict the best
performers in yellow and the worst performers in dark brown. Natural dust from soils and crustal

material may be contributing to the high concentrations of particulate matter found in the
northwestern portions of China.

China EPI: Population Weighted Particulate Matter Concentrations (PM10), 2007
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China EPI: Population Weighted Nitrogen Dioxide Concentrations (NO2), 2007
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China EPI: Population Weighted Sulfur Dioxide Concentrations (SO2), 2007
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B. Water Quality and Quantity for Human Health

1. Introduction

Humans require an adequate supply of water meeting minimum standards of quality for health and
hygiene. Unsafe and untreated drinking water sources, in combination with lack of improved
sanitation, create substantial risk to human health. WHO estimates that diseases related to unsafe
drinking water and poor sanitation contribute 4% to global mortality and 5.7% to the global burden
of disease (in DALYS) (Priss, Kay et al. 2002 537). Globally, diarrhea kills 2.2 million people every
year, three-quarters of whom are children under the age of five (WHO 2009).

With only one quarter of the world average freshwater per capita, China has very limited water
resources. Furthermore, the wettest regions in China are in the less densely settled and less
economically advanced South, whereas the urbanized northern provinces, with 42% of the
population, have access to only 14% of national water supplies (UNDP 2006). The South-to-North
Water project represents a massive investment to redress this imbalance.'® Neatly half of China’s 640
largest cities face water shortages, and this is compounded by a lack of investment in water supply
infrastructure and problems with water management (Yu and Danging). Beginning in 1991 the
government sought to address water shortages through privatization of municipal water systems, but
the resulting price increases have meant that some poor households have had to obtain water for
household use from public toilet facilities (ibid).

Water quality is also of significant concern. People in China tend to avoid drinking unboiled water.
According to the fourth national five-year health census, 14.7% of rural residents still lack access to
safe drinking water."” The majority of these people use untreated water from surface water bodies
like rivers, lakes, ponds or wells (WRI 1998). A survey conducted by China National Environmental
Monitoring Center in 2006 reports that 32% of total drinking water tested was not suitable for
drinking (Liu 2006a). Water pollution accidents amount to about a third of the total pollution
accidents in China. A highly publicized explosion at a petrochemical plant on the Songhua River in
20006 resulted in the release of a toxic plume of more than 100 tons of chemicals into the river,
affecting millions of people in China and even impacting Russians living downstream (UNEP
2005¢).

The China Disease Prevention and Control Center found that about 90 percent of Chinese
waterworks are using obsolete technologies that cannot handle chemical pollution ("Xinhua" 2000).
It is estimated that only 30% of the organic substances are filtered. Research found that of all
illnesses due to contaminated water, approximately 85% are caused by untreated sewage (Wu,
Maurer et al. 1999).

18 More information is available at the official South-to North Water Diversion Web site at http://www.nsbd.gov.cn
19 The methodology and major findings of the fourth national health five-year census are available at
http://www.gov.cn/gzdt/2009-02/27 /content_1245006.htm (last visited 5 July 2010).
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The issue of water quality measurement is taken up in the section on Water Quality and Quantity for
Ecosystem Vitality. Although as indicated above, water quality is critical to human health, here we
focus primarily on water access. This is because research shows that access to water of even
relatively poor quality improves personal hygiene and therefore has a significant impact on human
health (Billig, Bendahmane et al. 1999).

2.  Ideal and International Best Practices for Management

Water Access

The Millennium Development Goal target 7c is to halve the proportion of people without
sustainable access to safe drinking water and basic sanitation by the year 2015 (WHO 2010). For
access to improved water sources, the WHO-UNICEF Joint Monitoring Program measures the
percentage of the population with access to at least 20 liters of water per person per day from an
“improved” source (household connections, public standpipes, boreholes, protected dug wells,
protected springs, and rainwater collection) within one kilometer of the user's dwelling (WHO
2008c). The Joint Monitoring Program considers access to an improved water source to be either a
direct connection to the home or a public facility within 200 meters of the home in urban areas
(WHO 2010). Neither of these access measures considers the quality of the available “improved”

water source.

3. China’s Measurement Practices

In China, the Ministry of Water Resources (MWR), MEP, the Ministry of Housing and Urban-Rural
Development MOHURD), the Ministry of Health (MOH), and the Ministry of Agriculture (MOA)
are together responsible for water management. MEP is responsible for water quality monitoring,
and since the 1990s has issued independently or in collaboration with other administrations, several
standards such as the Quality Standard for Ground Water,” Sea Water Quality Standard,” and
Standards for Irrigation Water Quality.” The latest standard for surface water monitoring is
Environmental Quality Standard for Surface Water,”” which was issued by SEPA in collaboration
with General Administration of Quality Supervision, Inspection and Quarantine (AQSIQ) in 2002.
In 2008, SEPA initiated an Investigation and Assessment of Basic Environment of Nation-wide
Drinking Water Sources, which will be completed in 2010. MWR is responsible for the monitoring
and measurement of water resources and the quality of surface water. Since 2000, MWR has issued
the Annual Report for Water Resonrce Quality in China, and other water resource statistics such as water
quantity are published within the China Water Resource Bulletin. MOHURD leads in the monitoring of
urban water supplies, and the China Urban Construction Statistical Yearbook includes some urban water

20 GB/T 14848-1993
21 GB 3097-1997
22 GB 5084-1992
23 GB 3838-2002
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supply data such as percentage of urban population with access to tap water, and similar data sets
such as percentage of rural population with access to tap water can be found in China Health Statistic
Yearbook published by MOH. In 2007, China MOH and SAC enacted the latest version of the
Standards for Drinking and Household Water Quality™, which replaced an earlier standard enacted
in 1985.% This is the quality standard for all tap water supplies according to the text of the
regulation. This regulation requires 42 general inspection items and 64 special inspection items. The
general inspection items are mandatory to include in a water quality test, while the special inspection
items are given flexibility of implementation to provincial government. The regulation requires that
all 106 inspection items must be implemented by July 1, 2012.

China conducts a national-wide health census every five year since 1993. Sanitation is one important
part in health census. The most recent (the fourth) one was conducted in 2008 and the report was
released on February 27, 2009. This census includes four components: a family health survey, a local
medical institution survey, a survey to employees of medical institutions, and key issues research
projects. The family health survey covers 56,400 households covering 200,000 people in 31

: 26
provinces.™

China has been monitoring water quality for years. Chinese water quality standards have five degrees,
with one being the best and five the poorest. Different water bodies will fall under different water
quality levels, depending on the water body’s ecosystem function and human health impact. There
are several laws, regulations and standards regarding water quality, including Water Pollution
Prevention and Control Law,” Underground Water Quality Standards,”® Environmental Quality
Standards for Surface Water, Standards for Irrigation Water Quality, and Water Quality Standard for
Fisheries. ” Cutrently, water quality data are reported weekly and monthly by the China National
Environmental Monitoring Center and the reports are available at its Web site, Environmental
Monitoring of China.” The monitoring system collects data from 100 key sections of automatic
monitoring stations,” which are located in primary water bodies nation-wide. The monitoring tests
eight aspects of water quality: temperature, pH, turbidity, dissolved oxygen, conductivity, COD Mn,
NH3-N, and TOC.

24 GB 5749-2006

25 GB 5749-1985, available at http://www.moh.gov.cn/open/web_edit_file/20070618123913.pdf (last visited 28 June
2010)

26 The methodology and major findings are available at http://www.gov.cn/gzdt/2009-02/27/content_1245006.htm.
(last visited 5 July 2010)

21 e N RN K 75 YL B iR 1, 2008, http://2fs.mep.gov.cn/f1/200802/t20080229_118802.htm

® (MK 55 B OUE)  (GB/T14848-93) |, available at
http://www.bjmac.gov.cn/huanwei/content/browselnfo.jsp?infold=co0000002749 (last visited July 19, 2010)

2 (HhFKIF B ENRAE) GB 3838-2002, (7 HEBE/KIFFRAE) GB 5084-2005, (i /KFiARfE) GB 11607-
89, http://www.mep.gov.cn/info/bgw/bbgth/200907/t20090724_156752.htm

30 The China National Environmental Monitoring Center Web site: http://www.cnemc.cn
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4.  Summary Indicator Calculations and Results

China EPI Water Quality Indicators

We found two data sets that are relevant to measuring the effect of water quantity and quality on
human health: access to tap water in rural areas, and access to tap water in urban areas. Ideally, in a
full EPI, this category would also include indicators measuring levels of bacterial and toxic

contaminants in tap water as well as access to sanitation.

Polic Policy Indicator
L Category Indicators Data Source
Categories Codes
Codes
Access to tap China Environmental
water in rural RURTAP Statistical Yearbook, 75% by 2010
::alf::n (::f;e)cts WATER_H areas 2004-2006
Access to tap . - 100% of
water in urban | URBTAP China Statistical lation
Yearbook, 1996-2008 | POPUat0
areas with access

Both indicators are expressed in terms of percentage of the relevant population with access to tap

water.

Data Quality and Representativeness

The data were found in the China Statistical Yearbook, but no additional information was available
concerning data collection methodology or the agencies responsible for collection, nor were there
data available at administrative levels below the province level.

Data is available in the Statistical Yearbook for all provinces in both categories, with the exception
of access to tap water in rural areas for Xizang province. This extensive data coverage allows
provinces to be easily compared with one another, as shown below. By splitting up the indicator
into urban and rural components in China, we are able to compare highly urbanized provinces (such
as Beijing) with more rural provinces without penalizing the rural provinces for lower overall access
to tap water. Tap water coverage is greater overall in urban areas.

Correlations URBTAP RURTAP

The Pearson coefficient calculated for the two water quality URBTAP 1
indicators shows that URBTAP and RURTAP are slightly

positively correlated. RURTAP 0.34 !
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Ranks and Trend Analysis

Figure 2 shows the percent coverage of tap water access for all provinces, divided into rural and
urban subcategories. Thirty-five percent of provinces come within five percentage points of
meeting the government’s goal of 100% tap water access in urban areas, and 32% of provinces come

within five percentage points of the target for rural areas (75% access).

Figure 2. Water Quality and Quantity for Human Health by Province
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The following table lists all provinces in rank order, from best to worst performing, according to the
percentage of residents with access to tap water in urban (in 2005) and rural areas (in 2000).

Rank

| Shanghai Beijing

2 Beijing 99.30 Qinghai 100.00
3 Jiangsu 96.90 Tianjin 100.00
4 Tianjin 88.90 Shanghai 99.98
5 Zhejiang 88.00 Hebei 99.95

6 Shanxi 79.50 Zhejiang 99.10
7 Shandong 76.30 Guangdong 98.80
8 Fujian 75.60 Fujian 98.68
9 Guangxi 74.70 Xinjiang 97.86
10 Chongging 70.30 Sichuan 97.22
I Xinjiang 64.30 Jiangsu 96.28
12 Qinghai 60.70 Liaoning 93.83

13 Heilongjiang 59.00 Shaanxi 93.24
14 Hainan 58.20 Guizhou 92.75

15 Yunnan 56.20 Jiangxi 92.64
16 Hunan 54.00 Henan 91.94
17 Hubei 52.70 Hunan 9l1.11

18 Liaoning 51.20 Anhui 90.52
19 Guizhou 51.10 Shanxi 90.32
20 Hebei 50.80 Hainan 85.97
21 Henan 50.80 Gansu 85.94
22 Jilin 49.00 Nei Mongol 83.88
23 Guangdong 48.50 Jilin 83.20
24 Jiangxi 46.70 Guangxi 82.28
25 Gansu 44.90 Yunnan 82.07
26 Sichuan 41.20 Heilongjiang 79.55

27 Ningxia 40.20 Chongging 79.38
28 Anhui 39.50 Hubei 77.62
29 Shaanxi 36.30 Shandong 77.39
30 Nei Mongol 30.60 Ningxia 62.89
31 Xizang 61.82
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The following maps depict the indicator scores by province. The maps consistently depict the best
performers in yellow and the worst performers in dark brown. The more economically developed
coastal provinces consistently have higher rates of water access.

China EPI: Percentage of Rural Population Using Tap Water (RURTAP), 2006
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China EPI: Percentage of Urban Population Using Tap Water (URBTAP), 2005
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C. Waste and Sanitation

1. Introduction

While the overall quantity of solid wastes is increasing globally, the construction of new facilities and
management of these waste streams are becoming increasingly difficult (UNEP 2005a). The problem
is most acute in developing countries, where rapid economic growth combines with limited financial
resources and institutional capacity (UNEP 2005b).

The combined effect of illicit waste disposal, insufficient waste collection services, and inadequate
waste disposal facilities has serious and adverse implications for public health. Among these are the
direct transmission of diseases, the spread of epidemics, the degradation of the quality of the urban
and natural environments and the social reinforcement of poor hygienic habits and practices. The
inclusion of hazardous waste, health care waste, and human waste in the urban waste stream poses
special challenges that make it more difficult to manage waste so as not to compromise public health

(UNEP 2005b).

Environmental health impacts of solid waste can occur along all stages of the waste cycle. Impacts
include chemical fires (and the toxic smoke they may release), direct, poisoning by hazardous
chemical waste, infections, and worm infestations. Blood borne, ophthalmologic, dermatologic, and
enteric infections can all result from exposure to solid waste (UNEP 2005b). The health impacts of
solid waste can be reduced by proper treatment and disposal of waste, including routing of waste to
recycling streams. The collection and transfer of waste away from the source is an important first
step for reducing contact with harmful waste. Proper treatment and disposal through composting,
reuse, recycling, incineration, and landfilling can further reduce environmental health impacts.

China surpassed the United States as the global leader in waste generation in 2004, and annual
generation of solid waste is estimated to increase by another 150% from approximately 190 million
tons in 2004 to more than 480 million tons by 2030 (World Bank, 2005). While annual waste
production is growing at close to 10% every year, sanitary landfills are still rare (Suocheng, Tong et
al. 2001). The amount of the stockpiled and discharged wastes, especially hazardous wastes, is still
very large (Wei, Herbell et al. 1997).

Two key factors are driving China’s increasing waste generation, according to a World Bank (2005)
study: urbanization and increasing affluence. Urban dwellers generate two to three times more waste
than rural residents. While there has been substantial progress in the waste management sector in
urban areas over the last decade, as cities began developing sanitary landfills, the country is still
unable to keep pace with the surging demand for waste service and to meet the environmental
requirements for safe disposal (ibid.).

According to the World Bank (2005), China’s municipal recycling rates are much lower than that of
most other economies (waste paper recovery is 30%, as compared, for instance, with Korea’s 66%
and Taiwan’s 55%). The Bank attributes this to the negative impact of imports of low-cost
secondary materials from high-income countries that are exporting (in effect, “dumping”) these
materials to avoid reaching landfill capacity and paying higher domestic costs of disposal. In 2002
the United States exported an estimated 1.2 billion scrap and secondary materials to China.
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Electronic or E-waste exports to China are also becoming an issue of concern (World Bank 2005).

Sanitation refers to the facilities, infrastructure, and knowledge necessary to ensure the safe disposal
of human excrement and waste. Safe disposal of human waste reduces the pathogen load in the
ambient environment and lowers the burden of disease (Billig et al. 1999). In the policy literature,
sanitation generally refers to the household-level provision of latrines and improved water supplies;
however, education programs to promote knowledge of hygienic behaviors such as hand washing
also fall under the heading of sanitation. Also related is the treatment of sewage after leaving the
household and before being released into the environment, particularly with the water-based piped
sewage systems common in urban areas (WEHAB 2002). Sanitation is a vital policy category due to
its correlation with a number of diseases and the large disparities in access to basic sanitation
facilities both within and among counttries.

Diseases closely related to water quality, sanitation, and hygiene include diarrhea, trachoma,
schistosomiasis, ascariasis, trichuriasis and hookworm (Priiss-Ustiin and Corvalan 2006). Diarrhea
alone kills 2.2 million people every year, of which 1.8 million are children under five. Eighty-eight
percent of this disease burden can be attributed to inadequate water supply and sanitation facilities
(Priiss-Ustiin, Kay et al. 2004 ; WHO 2009). All of the world’s 150 million current trachoma
infections and 160 million current schistosomiasis infections are also attributable to poor sanitation
and environmentally-transmitted disease (Bartram, Lewis et al. 2005 ; Priiss-Ustiin et al. 2006). It is
estimated that almost half of the population in the developing world has one or more of the main
diseases or infections associated with poor sanitation facilities (Bartram et al. 2005). Currently about
2.6 billion people worldwide lack access to basic sanitation and it is thought that over half of the
hospital beds in the developing world are occupied by people with diseases related to poor sanitation
provision (ibid.).

China has steadily improved its provision of adequate sanitation over the last two decades,
particularly in rural areas, though gaps in coverage still remain. The percentage of the population
with access to improved sanitation facilities increased from 48% to 65% between 1990 and 2006
(WHO and UNICEF 2008). However, this aggregate statistic disguises the large disparities between
urban and rural populations. In 20006, the urban improved sanitation coverage was 74% versus only
59% in the countryside (ibid.). Even looking only at rural areas, there are substantial differences in
sanitation coverage among provinces. For example, rural sanitary latrine coverage ranges from 28%
to 95% depending on the province (UNDP 2008).

Other indicators within the sanitation policy category are relatively low for China. Only 66% of
urban residents and 10% of rural residents are connected to the sewer system (JMP 2006). Even
with this low rate of connection, sewage treatment capacity is barely able to handle the large amount
of discharge. Every year approximately 30 billion tons of urban sewage are discharged into the
environment in China, of which between 2.7-10% receives no prior treatment (Beach 2001).
Individual sewage treatment plants in China typically serve an average of 1.5 million people as
compared to an average of only 7,000-8,000 people in Europe (ibid.).
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2. Ideal and International Best Practices for Measurement

Waste

There are several international agreements touching on solid waste management, but the only one
that addresses the issue directly is the 1992 Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and Their Disposal. As indicated by its name, this treaty addresses
only hazardous waste. It is designed to reduce the movements of hazardous waste between nations,
and specifically to prevent its transfer from developed to less developed countries (United Nations
1989). In addition to the Basel Convention, some countries have national waste plans to guide their
waste management strategies. However, standardized metrics for measuring and monitoring waste
are not readily available across national borders, and waste was included as an indicator in the 2010
global EPI. Some aspects of waste measurement are addressed in the Resource Efficiency category,
below in this report.

In the European Union (EU), there are two basic directives on final disposal of waste: the Waste
Landfill Directive™ and the Waste Incineration Directive.” Furthermore, the Packaging and
Packaging Waste Directive™ requires EU member states to reuse and recycle a minimum of 55% and
a maximum of 80% of packaging waste by the end of 2008 (European Union 1994). This goal is still
valid since about half of the member states applied for extension until 2015.

Sanitation

Although Millennium Development Goal (MDG) 7 Target 10 (improve access to safe drinking
water and basic sanitation by 2015) is the most important international policy related to sanitation,
other decisions are also relevant (UNDP 2010). Vision 21 on Water and Sanitation was adopted at
the Second World Water Forum in 2000. It includes four action areas: building on people’s energy
and creativity; acknowledging hygiene, water, and sanitation as a human right; fostering committed
and compassionate leadership and good governance; and creating synergy among partners (WSSCC
2000).

The World Health Organization (WHO) has set standards for drinking water quality and proposed
targets for the level of fecal coliform bacteria. As an indicator of fecal contamination, the level of
fecal coliform bacteria in a water sample is closely related to other harmful bacteria such as giardia,
salmonella, and cryptosporidium that are derived from human or mammalian excrement. The WHO
suggests that fecal coliform bacteria should be undetectable in any 100ml water sample (WHO and
UNICEF 2000).

The WHO and the United Nations Children’s Fund (UNICEF) are using the indicator of access to
improved sanitation sources as means of evaluating progress toward the MDG water and sanitation
target. WHO and UNICEF accept the following as examples of improved sanitation: a flush or

321999/31/EC
332000/76/EC
3494/62/EC, amended by 2004/12/EC
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pour-flush connection to a piped sewer system, septic tank or pit latrine, a ventilated and improved
pit latrine, a pit latrine with a slab, or a composting toilet (WHO et al. 2000).

The United States Agency for International Development (USAID) has also published indicators for
evaluating water and sanitation projects as part of its Food and Nutritional Technical Assistance
Program (Billig et al. 1999). Indicators that might be relevant at the national or provincial level
include the percentage of children less than three years of age with diarrhea, the quantity of water
used per capita per day, and the percentage of households with access to sanitation facilities.

3.  China’s Measurement Practices

Waste

Chinese solid waste generation data are generally grouped into three categories: municipal, industrial,
and hazardous waste. Municipal waste includes residential, institutional, commercial, street cleaning,
and non-processed waste from industries. Construction and demolition waste is also often
considered part of municipal waste. Industrial waste typically refers to processed waste from specific
industrial processes and would include by-products such as scrap metal, slag, and mine tailings.
Hazardous waste can refer to either industrial waste or household generated waste: industrial
hazardous waste can be generated from manufacturing processes or medical treatments, while small-
scale levels of hazardous waste can also be generated by households or institutions. For this policy
category, municipal waste is most relevant. Paper, plastics, and multi-laminates, such as plastic-
coated paper, are the fastest growing components of China’s waste stream (World Bank 2005).
While certain information is available from government statistics, data collection on waste
management must be improved in order to be truly useful in planning (Bei et al. 2009).

Waste disposal has not been a national priority until recently, with urban communities reliant on
itinerant junk buyers to collect and recycle municipal waste on small scales. Rural citizens produce
much less waste per capita and in many cases continue to use informal dumping grounds. China
recently surpassed the United States as the largest generator of municipal waste in the world, and
sanitary landfill construction, while growing, has not kept up with the need. Garbage incineration
has been promoted through the use of tax breaks and subsidies in order to dispose of urban waste
without taking up excessive land area, but this has resulted in increased air pollution. (Wang 2009)

In 2003, China enacted a regulation on Municipal Solid Waste Classification Marks,” and later
enacted the Municipal Solid Waste Classification and Evaluation Criteria® in 2004. According to the
11th Five-Year Plan of National Urban Sanitation’’, China is putting great effort into the
improvement of non-hazardous municipal waste treatment. The goals include increased garbage
treatment capacity of >200,000 tons/day, municipal solid waste treatment rate of >60%. The Five-

35 (IR AETEHIR Y 24RE ) GB/T 19095-2003, available at
http://www.bjmac.gov.cn/huanwei/content/browselnfo.jsp?infold=co0000002779 (last visited 19 July 2010).
3 (ST ARIEHIT oy R AT R AR CJJ/T102-2004
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Year Plan also aims to improve urban daily street sweeping service, with a goal that 25% of street
sweeping will be done with machinery rather than manually.”

Sanitation

Urban areas

Methodological details on the data for urban sanitation are difficult to find, and one case study on
wastewater quality management in Kunning had to use a great deal of estimation and imputation to
arrive at a useable data set (Huang et al. 2007; Shalizi 2008). Despite the lack of publicly available

methodology, the central government releases many facts and figures in the statistical yearbook
(Shen 2000).

In the future, more water-saving toilets will be built with better public toilet layout; and old toilets
renovated in urban areas. The quality of latrines shall be gradually improved and ideally by the end
of the 11th Five-Year Plan period, 70% of urban sewage should be treated (Wang 2008).

Rural areas

Large improvements have also been made in rural sanitation. By the end of 2007, China had built
144 million sanitary toilets for rural residents,” accounting for 57% of total rural households, an
increase of 12 % over 2000. By the end of 2007, the central government had invested a total of
RMB 764 million (US$112 million) in poor and schistosomiasis-prone areas to build 3.02 million

sanitary toilets with sewage treatment systems ("China News of Traditional Medicine" 2008).

Some problems remain unsolved and need further investment and improvement, including fecal
contamination, pootly treated drinking water, difficulty establishing accurate billing structures for
centrally supplied tap water, waste water pollution emitted by township companies (which may be
insulated against enforcement), and low environmental awareness among rural residents ("China
News of Traditional Medicine" 2008). In accordance with the United Nations Millennium
Development Goals, China aims to provide all rural residents safe and clean drinking water and 65%

sanitation coverage by 2010 (Zhang et al. 2010).

38 The enaction of the 11th Five-Year Plan of National Urban Sanitation 4> [EEAE PA “+—H” #ikl) M

AiSZHEY , Oct. 31, 2006, http:/ /www.gov.cn/gzdt/2006-10/31/content_429244.htm (last visited 19 July 2010).
% “According to Chinese Government Criteria, a sanitary latrine should have a water proof underground compartment,
a proper roof and superstructure as no fly and maggot and obnoxious smell” {Shen, 2006 #271}.
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Assessment of China's Measurement Practices

The Chinese government adopted a Circular Economy Promotion Law in August 2008 to promote
the reduction, reuse, and recycling of wastes during the production, distribution, and consumption
stages of the economy. For a more complete overview on solid waste management policy in China,
please also review the Resource Efficiency section of this report.

The Chinese government has identified expanding improved water and sanitation coverage in the
rural areas as a development priority and invested US$2.45 billion in the rural sanitation sector
between 1996 and 2002 (Asian Development Bank 2006). According to the 11th Five-Year Plan,
China expects to expand rural latrine coverage to 65% and to 70% by 2010 (ibid.). If government
support and financing can be sustained, China will likely meet the MDG target of halving the
proportion of the population without access to basic sanitation by 2015 (see below, UNDP 2008).
These improvements will, however, be more effective in raising public health standards if
accompanied by hygiene education programs. One study found that knowledge of core sanitary and

health information of people over 15 years old was only 36 percent in rural areas (Asian
Development Bank 2000).

The World Bank (2005) reports several shortcomings in China’s waste data: inconsistencies in
definitions and methodologies; lack of references for data collection; frequently changing parameters
that complicate comparison of trends; and disconnect between national resources, guidelines and
local management. Also noted is the problem with information based on “waste collected” rather
than “waste generated.” Waste generation data are more useful because information on recyclable
secondary materials and full-cost accounting are included.
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4.  Summary Indicator Calculations and Results

China EPI Waste Indicators

Based on the analysis of what should be measured and what data are available regarding waste and
sanitation in China, the following indicators are recommended to be included in the China EPI.
Waste is not a category included on the global EPI, but it is a high priority for China and extensive

data sets are available.

Polic Policy Indicator
Y Category Indicators Data Source
Categories Codes
Codes
Municipal waste China Statistical not
intensity MSW_PC Yearbook, 1996-2007 available
Industrial solid ISWINT China Statistical not
waste intensity Yearbook, 1996-2007 available
Municipal solid MSW T China Statistical 60% by
waste treated - Yearbook, 2003-2007 2010
Woaste and ici
Sanitation WASTE vr::sr:ec\r:tler MWW T China Statistical not
- Yearbook, 2004-2006 available
treatment
Urban human SANU China Statistical 78% by
waste disposal Yearbook, 2003-2007 2010
China Environmental o
R“r:' :‘.’ma“ | SANR Statistical Yearbook, ggf’l by
waste disposa 2004-2005

All of the indicators in this category are sourced from the China Statistical Yearbooks referenced
above. Municipal waste intensity per capita (MSW_PC) is measuted in kg waste/person. Because it is
difficult to determine the total quantity of domestic garbage produced, the total quantity of domestic
garbage collected is used as a substitute even though this represents an under estimate of municipal
waste intensity. Industrial solid waste intensity (ISWINT) is calculated by dividing the quantities of
industrial solid wastes (ISW) generated to industrial value added (IVA) and is measured in kg/RMB
1,000. Municipal solid waste treated (MSW_T) is the proportion of harmless municipal waste
treated in urban areas to the total amount produced and is measured in percentage terms. The target
of 60% treatment by 2010 comes from China’s 11" Five-year Plan. Municipal wastewater treatment
(MWW_T) is the proportion of municipal treated wastewater from the total output of municipal
wastewater, and is also measured in percentage terms. Urban and rural human waste disposal
(SANU and SANR) are expressed as percentages and measure the ratio of human waste disposed of
to all human waste collected and transported.

Data Quality and Representativeness

All seven data sets were sourced from China Statistical Yearbooks and China Environmental

Statistical Yearbooks, with no supplementary information available regarding how the data is
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collected, methods for aggregating, and representativeness. No raw data were available for any of
the indicators.

Data is available for almost all provinces in all cases, with the exception of Xizang prior to 2006 for
MSW_T, Xizang any year for MWW_T and SANR, and Fujian, Qinghai, and Xizang for SANU.

Correlations

The Pearson coefficients calculated for the six waste indicators show that comparatively strong
relationships exist between ISWINT and MSW_PC, between ISWINT and MWW_T, between both
SANU and SANR and MSW_T, between SANU and MWW _T, and between SANR and SANU.
The highest correlation is the penultimate, showing a strong link between urban human waste
disposal and municipal wastewater treatment (primarily urban), indicating that cities that invest in
cleaner waste disposal do so through multiple means.

MSW_PC ISWINT MSW_T MWW_T SANU SANR
MSW_PC 1
ISWINT -0.38 1
MSW_T -0.07 -0.19 1
MWW_T -0.02 -0.38 0.24 1
SANU -0.04 -0.14 0.39 0.50 1
SANR 0.09 -0.49 0.37 0.30 0.33 1
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The following figures show each of the six indicators graphed by province.

Figure 3. Waste Intensity by Province

Ranks and Trend Analysis
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Figure 4. Waste Treatment by Province
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The tables below show the ranked province level aggregate data for each indicator. Data are from
2007 for municipal waste intensity (MSW_PC), industrial solid waste intensity ISWINT), municipal
solid waste treated (MSW_T), urban human waste disposal (SANU). Data for municipal wastewater
treatment (MWW_T) are from 2006, and for rural human waste disposal (SANR) are from 2005.

Rank Province L A Province ol Province S
(kg/person) (kg/1000 ¥) (%)
| Jiangxi 228.32 Xizang 19.87 Beijing 95.73
2 Tianjin 244.35 Guangdong 25.21 Qinghai 94.88
3 Yunnan 274.88 Zhejiang 39.14 Tianjin 93.31
4 Hainan 280.57 Shanghai 40.01 Zhejiang 87.35
5 Nei Mongol 322.88 Tianjin 51.99 Jiangsu 86.91
6 Xinjiang 323.23 Jiangsu 55.46 Chongging 82.33
7 Shaanxi 328.69 Hainan 56.2 Fujian 81.62
8 Qinghai 345.78 Beijing 60.53 Shandong 80.71
9 Shanxi 350.87 Shandong 87.94 Yunnan 80.43
10 Jiangsu 380.3 Henan 117.62 Shanghai 79.16
Il Sichuan 383.4 Fujian 119.55 Guizhou 71.15
12 Guizhou 383.8 Heilongjiang 123.6 Jiangxi 70.51
13 Hubei 38431 Chonggqing 132.19 Sichuan 69.92
14 Xizang 390.61 Hunan 133.73 Guangxi 68.38
15 Anhui 399.21 Hubei 135.25 Xizang 66.7
16 Shandong 399.29 Jilin 141.09 Guangdong 63.03
17 Liaoning 400.05 Xinjiang 147.49 Hainan 62.07
18 Fujian 414.89 Shaanxi 215.06 Liaoning 56.52
19 Guangxi 424.58 Guangxi 215.61 Henan 54.9
20 Jilin 440.86 Anhui 216.39 Nei Mongol 53.98
21 Hebei 458.22 Sichuan 246.26 Hebei 53.37
22 Chongging 461.3 Liaoning 274.62 Hunan 52.77
23 Henan 465.56 Ningxia 275 Shaanxi 52.43
24 Gansu 471.12 Gansu 281.04 Ningxia 52.41
25 Shanghai 473.87 Hebei 284.63 Anhui 49.07
26 Beijing 498.44 Qinghai 306.02 Hubei 41.88
27 Heilongjiang 501.77 Jiangxi 341.23 Jilin 38.17
28 Hunan 5128 Nei Mongol 398.88 Shanxi 38.15
29 Guangdong 581.18 Yunnan 413.64 Xinjiang 28.16
30 Ningxia 586.59 Shanxi 439.7 Gansu 26.32
31 Zhejiang 663.08 Guizhou 589.67 Heilongjiang 22.97
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Rank

Province

Jiangsu
Shanghai
Xinjiang
Beijing
Yunnan
Shandong
Hainan
Hebei
Zhejiang
Shanxi
Tianjin
Fujian
Ningxia
Hubei
Henan
Nei Mongol
Shaanxi
Chongging
Sichuan
Liaoning
Gansu
Guangxi
Guangdong
Hunan
Anhui
Jiangxi
Heilongjiang
Jilin
Guizhou
Qinghai

MWW_T
(%)
81.82
74.92
74.62
73.78
69.83
69.18
65.74
63.63
61.53
60.22
59.48
58.82
55.92
54.52
54.08
52.08
51.57
50.36
49.38
48.75
46.97
46.82
45.15
42.72
39.5
34.93
32.77
30.36
29.54
20.37

Province

Yunnan
Beijing
Hainan

Shandong
Hebei
Gansu

Sichuan

Zhejiang

Jiangsu
Henan

Jilin

Shaanxi

Anhui
Heilongjiang
Nei Mongol

Liaoning

Guizhou

Chongging

Guangxi

Xinjiang

Ningxia

Guangdong
Shanxi
Hubei
Jangxi
Hunan

Yunnan
Beijing

SANU
(%)
98.45
90.33
86.08
84.66
744
74.01
66.85
62.9
46.03
45.56
36.8
34.13
32.69
27.99
27.39
26.09
24.14
22.86
19.88
1691
14.29
13.71
13.67
2.26
1.85
0.05
98.45
90.33
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Province

Shanghai
Beijing
Zhejiang
Guangxi
Tianjin
Shandong
Jiangxi
Heilongjiang
Hubei
Fujian
Hainan
Jilin
Yunnan
Anhui
Qinghai
Jiangsu
Guangdong
Gansu
Liaoning
Shanxi
Henan
Hebei
Nei Mongol
Xinjiang
Chongging
Shaanxi
Ningxia
Hunan
Guizhou
Sichuan

SANR
(%)
96.5

88.09
87.58
75.19
7481
71.14
67.73
66.97
66.17
65.75
63.87
61.91
6l
60.95
60.03
56.54
54.43
54.12
53.82
51.92
47.37
47.19
46.36
44.66
40.42
39.48
38.19
33.01
29.97
29.57



The following maps depict the indicator scores by province. The maps consistently depict the best
performers in yellow and the worst performers in dark brown.

China EPI: Municipal Waste Intensity (MSW_PC), 2007
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China EPI: Industrial Solid Waste Intensity (ISWINT), 2007
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China EPI: Municipal Solid Waste Treated (MSW_T),
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China EPI: Urban Human Waste Disposal (SANU), 2007
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China EPI: Rural Human Waste Disposal (SANR), 2007
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D. Toxics

1. Introduction

The toxics category measures the critical environmental health effects of toxic substances, including
heavy metals and persistent organic pollutants. Toxic substances can be released into soil, air, and
water through industrial and agricultural processes as well as domestic coal combustion. These
substances can accumulate at rates harmful to human health. Therefore, the concentration of toxic
substances in the environment is an important measure of environmental health and overall
environmental stewardship.

The uncontrolled spread of toxic substances poses a serious threat to the environment and human
health. A toxic substance is defined as any chemical or mixture of chemicals that may be harmful if
inhaled, ingested, or absorbed through the skin. Examples include heavy metals such as lead, arsenic,
cadmium, and mercury, as well as persistent organic pollutants such as polychlorinated biphenyls,
dioxins, and furans. Each year, approximately 355,000 people die worldwide from unintentional
poisonings. Approximately two thirds of the deaths that occur in developing countries are due to
excessive exposure to toxic chemicals (UNEP and WHO 2010). Deaths arise when toxics are
emitted directly into the soil, air, and water at levels dangerous to humans. These chemicals may
come from industrial processes, mining, fuel combustion, or various unsustainable forms of
agriculture. Pesticides are also responsible for a particularly high percentage of unnecessary deaths

(ibid.).

Many of the most dangerous toxics play important roles in industry today. Mercury, lead, and
cadmium are all toxic chemicals that contribute significantly to global environmental degradation
(UNEP 2009a). In China, toxic pollutants include all substances listed in the Directory of Highly
Toxic Chemicals®, all the Type I pollutants as defined in the Integrated Wastewater Discharge
Standard", and persistent organic pollutants (POPs). Type I pollutants include many chemicals used
in manufacturing and industry: total mercury, alkyl (organic) mercury, total cadmium, total
chromium, hexavalent chromium, total arsenic, total lead, total nickel, benzo|[a]pyrene, total
beryllium, total silver, and total radiation. Persistent organic pollutants are organic substances found
in agricultural pesticides, plastics, and industrial solvents that persist in the environment regardless
of chemical, biological, and photolytic processes. They often have both acute and chronic toxicity
to humans and the environment, and due to their persistence they bioaccumulate up the food chain.

In addition, despite being a signatory to the Basel convention and having several e-waste import
regulations, a great deal of the world’s high-tech waste flows into China, and unregulated e-waste
management harms human health (BAN and SVTC 2002). Workers soak old electronics in
hydrochloric acid to recover valuable metals like gold and copper. The process releases pollutants
into the atmosphere, groundwater, and surrounding farmland.

40 Available at http://www.chinasafety.cov.cn/whpcx.htm
41 GB 8978-1996
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2.  Ideal and International Best Practices for Measurement

International Law

The international community has agreed to the terms of three conventions relating to toxic
substances: the 1992 Basel Convention on the Control of Transboundary Movements of Hazardous
Waste and their Disposal, the 2004 Stockholm Convention on Persistent Organic Pollutants (POPs),
and the 2004 Rotterdam Convention on Prior Informed Consent Procedure for Certain Hazardous
Chemicals in International Trade.

The Basel Convention on the Control of Transboundary Movements of Hazardous Waste and their
Disposal was opened for signature in 1989 and went into effect in 1992. The convention governs
the practice of exporting hazardous waste from developed countries to less developed countries in
an effort to eliminate toxic waste “dumping” (United Nations 1989).

The Stockholm Convention on POPs aimed to reduce or eliminate the use of POPs internationally.
Countries that agreed to the Stockholm Convention promised to outlaw nine of the so-called “dirty
dozen” toxic chemicals identified by the Forum on Chemical Safety and the International
Programme for Chemical Safety. The chemicals that had to be outlawed were a subset of POPs:
aldrin, chlordane, dieldrin, endrin, heptachlor, hexachlorobenzene (HCB), mirex and toxaphene.
DDT was restricted, and dioxins and furans were marked as unintentional production (United
Nations 2001). Nine additional POPs were added to the convention in 2009, with more under
consideration (UNEP 2008c).

The Rotterdam Convention on Prior Informed Consent Procedure for Certain Hazardous
Chemicals in International Trade called for mutual responsibility in monitoring the movement of
hazardous toxics. The convention resulted in an international agreement to use proper labeling in
the exportation of hazardous materials, as well as allowing countries the decision of whether or not
to ban these chemicals (United Nations 1998b).

United States Law

The United States has multiple main federal statutes addressing toxic substances and hazardous

waste:

® The 1976 Toxic Substances Control Act (TSCA)

* The 1976 Resource Conservation and Recovery Act (RCRA)

* The 1980 Comprehensive Environmental Response, Compensation and Liability Act

(CERCLA, also known as Superfund Act)

* The 1986 Emergency Planning and Community Right-to-Know Act (EPCRA)

* The 1990 Pollution Prevention Act (PPA).
TSCA regulates toxic chemicals including polychlorinated biphenyls (PCBs), asbestos, radon
and lead-based paint. However, chemical substances from food, drugs, cosmetics and pesticides are
excluded from TSCA and governed by other laws and/or regulations (EPA 2010c). RCRA creates a
full life-cycle management framework for both hazardous and non-hazardous solid wastes (EPA
2010b). CERCLA regulates hazardous waste sites (also known as brownfields) and clean up
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programs, and imposes joint and strict legal and financial liability upon broad classes of parties
potentially responsible for hazardous waste sites, allowing many cleanups to go forward without
undue taxpayer funding (EPA 2010a). EPCRA requires the communities and citizens to be informed
of chemical hazards around them by setting up the Toxics Release Inventory (TRI) to provide toxic
chemicals data and waste management to the public (EPA 2009b). PPA amends EPCRA with the
creation of voluntary community education programs by emitting facilities (Knudsen Unknown).

Other relevant statutes include the 1938 Federal Food, Drug and Cosmetic Act, which regulates
toxic substances in food additives; the 1970 Occupational Safety and Health Act, which regulates
exposure to toxic substances in the workplace; and the 1972 Federal Environmental Pesticide
Control Act, which requires registration, certification, and premarket testing of pesticides. While
these laws provide a basic framework for registering and regulating toxic substances, American law
places the burden of proof to show harm upon the regulator (EPA in most cases), resulting in
criticism that toxic substances are allowed to stay on the market too long and that regulators are
unable to control many hazards.

European Union Law

The Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) Regulation
entered force in 2007 as the strictest law controlling chemical substances in Europe. REACH has
the combined goals of improving the protection of human health and protecting the environment.
The most significant component of the regulation is Registration, which requires all industries
manufacturing or importing a minimum of one tonne of chemicals per year to register with the
European Chemicals Agency database. Other aspects of REACH include promoting alternatives to
animal testing, and addressing the use of Substances of Very High Concern®. Unlike TSCA,
REACH covers chemicals that are not already adequately regulated, especially if they are widely
dispersed or used in large quantities. Also unlike US law, REACH relies upon manufacturers to
submit some proof of safety before their products may be brought to market or produced in large
quantities.

Ditective 91/689/EEC describes the process for handling hazardous waste in the European Union.
Implemented in 1991 and amended in 1994 by Ditective 94/31/EC, this law affects the record
keeping, monitoring, and control obligations of industries producing hazardous waste from “cradle
to grave.” According to this law, waste must be properly packaged and labeled to control its
management. Particular attention is paid to the mixing of hazardous waste with nonhazardous
wastes. Domestic waste is exempted. Waste is classified as hazardous depending on its
concentrations of toxic, corrosive, irritant, carcinogenic, toxic for reproduction, and mutagenic
substances (Europa 2010).%

42 These substances include those that are: carcinogenic, mutagenic, or toxic to reproduction; persistent, bioaccumulative
and toxic; very persistent and very bioaccumulative; or identified on a case-by-case basis as “causing probable serious
effects” (European Union 2008).

43 These propetties are specifically explained in Ditrective 91/689/EEC, Decision 200/532/EC, and Decision
2001/573/E.
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Japanese Law

The Chemical Substances Control Law (officially the Law Concerning the Examination and
Regulation of Manufacture, etc. of Chemical Substances*, also known as Kashin-ho) was enacted in
1973 as the world’s first chemical pre-examination system. A 1986 amendment allowed the inclusion
of chemical substances that are not highly accumulative but are persistently toxic, known as Class 11
Chemical Substances. A later 2003 amendment created an assessment and regulation program
specifically focused on impact of chemical substances on flora and fauna. In 2009, an additional
amendment was added to make Kashin-ho more like REACH and ensure that Japan was moving
towards international goals.” Japan also has a Law Concerning Special Measures against Dioxins,"
known as the Dioxins Law, which establishes basic environmental standards for dioxin effluents and
contamination in air, water, and soil (JME 2005). Hazardous waste in Japan is governed by the 1991
Waste Disposal and Public Cleansing Law, which aims to promote and strengthen institutional
capacities in hazardous waste management.

3.  China’s Measurement Practices

Technical standards and guidelines

The Chinese government has taken several steps to combat the level of toxic chemicals in the
environment. In recent years, the Regulations on Safe Management of Hazardous Chemicals have
become the core of the government’s efforts to establish a management system and formulate
relevant policies on hazardous chemicals. China promulgated the Law on the Prevention and
Control of Environmental Pollution by Solid Waste in 1995 and amended the law in 2004. This law
forbids other countries from dumping, stockpiling, and disposing of solid waste in China, and
imposes criminal penalties on the illegal import of solid wastes. It is also prohibited dumping or
discharging toxic substances into water bodies."’

China has established specialized oversight agencies for the safe and environmentally sound
management of hazardous chemicals at the national and local levels. At the national level, these
include the MEP, State Administration of Work Safety (SAWS), Ministry of Health, State Food and
Drug Administration, Ministry of Agriculture, State General Administration for Quality Supervision
and Inspection and Quarantine, Ministry of Communications, Ministry of Railways, and Ministry of
Public Security. The management of persistent organic pollutants is additionally overseen by the
Ministries of Foreign Affairs, Science and Technology, Civil Administration, Finance, Construction,
Commerce, the General Administration of Customs, General Administration of Civil Aviation, State

44 Act No. 117 of 1973

# The amendment summary (English version) is available at http://www.jetoc.ot.jp/information] CR.htm, last visited on
July 19, 2010

46 Law No. 105 of 1999

47 Article 31 of the “Law of the People's Republic of China on Prevention and Control of Water Pollution”: “It is
forbidden to discharge or dump into any water body or directly bury deadly toxic soluble slag, tailings, etc. containing
such substances as mercury, cadmium, arsenic, chromium, lead, cyanide and yellow phosphorus” (PRC 1984)

58



Electricity Regulatory Commission, and the National Development and Reform Commission

(NDRC).

China has also participated in a variety of international treaties to prevent the spread of hazardous
chemicals. On March 22, 1990, the Chinese government signed the Basel Convention, which came
into effect in China in 1992. Similarly, in 1999, the Chinese government signed the Rotterdam
Convention, which came into effect in 2005 (An, Shinsuke et al. 2007 166). Since then, the Chinese
government has acted to implement the agreements made, including enacting non-mandatory
restrictions on the hazardous materials covered in the Rotterdam Convention. In addition, the
Chinese government signed the Stockholm Convention in 2001 and ratified it in 2004. The
Stockholm Convention was also applied to Special Administrative Regions of Hong Kong and
Macao (UNIDO 2007).

In January 2004, SEPA and NDRC jointly promulgated the National Construction Plan for
Hazardous Waste and Medical Waste Disposal Facilities.” The plan stipulates that 31
comprehensive hazardous waste disposal centers will be built in China, which will add up to an
annual incremental hazardous waste disposal capacity of 2.8 million tons. Meanwhile, industry will
construct and expand a total of 3.5 million ton annual capacity in terms of industrial hazardous
waste recycling and disposal, which can handle all the newly generated hazardous waste, as well as
part of previously accumulated hazardous waste.

Environmental statistics associated with toxics are currently inadequate. The toxics indicators only
cover the heavy metal releases from industrial wastewater discharges, but do not included the heavy
metal releases from industrial gaseous emissions and solid wastes. In particular, the significant heavy
metal emissions (particularly mercury) associated with coal combustion have not been monitored or
reported. There has been no existing environmental law and regulation to mandate industry to
disclose their releases of toxic pollutants to the environment.

With China’s active involvement in the Stockholm Convention, it is foreseen that China will

gradually enhance its capacity to monitor and regulate persistent organic pollutants emissions.

4.  Summary Indicator Calculations and Results

China EPI Toxics Indicators

One of the biggest sources of toxic substances in China’s environment is domestic coal combustion.
Domestic coal combustion in China has resulted in arsenic poisoning, dental and skeletal fluorosis,
high incidence of esophageal and lung cancers caused by polycyclic aromatic hydrocarbons, selenium
poisoning, and mercury poisoning. In China, millions of people burn raw coal in stoves without any
ventilation system, allowing toxic vapors and hazardous organic compounds to permeate their
homes. At least 3,000 people in Southwest China have arsenic poisoning, and more than 10 million
people suffer from dental and skeletal fluorosis (Finkelman, Belkin et al. 1999).

48 State Council Notice (2003) No. 128, available at http://www.gov.cn/zwgk/2005-08/26/content_26260.htm.
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As the only liquid metal, mercury has many unique properties that make it valuable in industry. It is
used as a catalyst for chlor-alkali production, and can be found in manometers, thermometers,
electrical and electronic switches, fluorescent lamps, and dental amalgam fillings. Mercury is also
widely used as a dioxide in batteries, as a pesticide, and as biocides in the paper industry. It is found
naturally in coal at a concentration of 0.22 mg/kg in China, and coal combustion has led to solid and
gaseous emissions averaging about 140 tons/year from 1978-1995 (Wang, Q, Shen et al. 2000).
However, mercury can cause both chronic and acute poisoning, resulting in damage to the brain,
kidneys, and lungs. Although the global demand for mercury is decreasing, many of its uses are still
common in certain parts of the world (UNEP 2002). China is the single largest emitter of mercury
worldwide. One estimate suggests that China was responsible for 635 tons of mercury emissions by
2005, or 40% of the global mercury by-product emissions (Pacyna, Pacyna et al. 2009).

Lead is a highly toxic metal that is used and traded globally in lead compounds, sheets, ammunition,
and paint. The major use of lead in recent years is in batteries, accounting for 78% of reported
global consumption in 2003 (UNEP 2008b). Between 1970 and 2003, global consumption of lead
increased from 4.5 to 6.8 million tons. China is the world’s leading producer and user of lead,
exporting lead-based products worldwide. Existing data suggest that childhood lead poisoning may
be widely pervasive as a result of rapid industrialization and the use of leaded gasoline. Childhood
lead exposure causes deficits in 1Q), attention span, neurobehavioral development, and physical
growth, as well as comas, convulsions, or even death (Shen, Rosen et al. 1996). Lead is found in the
environment in China due to industrial emissions, leaded gasoline, poor quality lead ore, and
inefficient management of lead scrap (Shen et al. 1996 ; Mao, Lu et al. 2000)

Cadmium is a non-essential element that is mainly produced during the mining of zinc. The majority
of refined cadmium is used in nickel-cadmium batteries, but it is also used in pigments for plastics,
ceramics and enamels, stabilizers for plastics, and plating. Although global rates of consumption
have stayed constant since 1990, the production in Asia has significantly increased during this time
(UNEP 2008a). Through accumulation in waste materials found in landfills, cadmium can pose a
substantial danger to the environment. Cadmium is toxic to plants, animals, and people. It has been
shown to have carcinogenic and mutagenic effects on human health, often leading to lung and
prostate cancer, kidney damage and bone disease (Ostrowksa 2008; OSHA 2009; Jin, Nordberg et al.
2002).

Chromium is a metal mainly used to manufacture stainless steel. Production of dyes and pigments,
leather tanning, wood preservation, and production of refractory materials are common uses of
chromium compounds (EPA 2007). The two main states of chromium found in the environment
are trivalent chromium (Cr(I1I)) and hexavalent chromium (Cr(VI)). Although trivalent chromium is
generally harmless, hexavalent chromium is toxic and carcinogenic. Hexavalent chromium causes
damage to the respiratory tract and poses a significant reproductive risk in humans (ibid.). China’s
use of both chromium compounds has increased significantly in the past few years with the
expansion of its role as a stainless steel producer (Papp 2010).

Urban exposure to benzene, toluene, ethylbenzene and xylenes (BTEX) poses other environmental
risks. BTEX compounds are naturally occurring components of petroleum, and are found in
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gasoline. Frequently, BTEX chemicals are found in the environment near petroleum industries, or
underground storage tanks. In China, BTEX exposure results primarily from vehicle emissions.
BTEX chemicals are dangerous by ingestion or inhalation and can cause kidney or liver damage, as

well as being a human carcinogen. The exposure levels in China are higher than those measured in
North America or Europe (Wang, Xin-ming, Sheng et al. 2002).

Polic Policy Indicator
L Category Indicators Data Source
Categories Codes
Codes
China Environmental ot
Heavy metals METALS Statistical Yearbook, .
2004-2006 available
Toxics TOXIC B
Hazard waste China Statistical not
intensity HAZINT Yearbook, 1996-2007 | available

To build the heavy metals (METALS) indicator, we combined data on concentrations of the above
metals into building blocks or “pollution units” and then calculated a z-score.” The hazardous waste
intensity (HAZINT) indicator is calculated by dividing the quantities of dangerous or hazardous
wastes generated (impounded, disposed of, or released) by industrial value added (IVA).

Data Quality and Representativeness

All metals data sets were sourced from China Statistical and China Environmental Statistical
Yearbooks, with no supplementary information available regarding how the data is collected,
methods for aggregating, and representativeness. No raw data was available on any indicator. Data
were available for all provinces, with the exception of Xizang.

Correlations
The Pearson coefficient calculated for the two toxics indicators METALS HAZINT
shows that METALS and HAZINT are only very slightly positively METALS I
correlated.
HAZINT 0.10 1

49 z-score = (value — mean) / standard deviation
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Ranks and Trend Analysis

Figure 6 shows toxic metals pollution in standardized z-score units (above and below the mean) by

province. Figure 7 shows hazardous waste intensity.

Figure 6. Toxic Metals Pollution Equivalents (high scores are bad)
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Figure 7. Hazardous Waste Intensity
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The Following table shows both ranked indicators. For heavy metals (METALS), the best
performing provinces have negative z-scores, which can be understood as standard deviations from
the mean. Both data sets are from 2007.

Rank | Province METALS Province HAZINT
(z-score) (kg/1000 ¥)

| Tianjin -0.63 Ningxia 0.37
2 Beijing -0.60 Shanxi 1.40
3 Ningxia -0.57 Anhui 1.88
4 Guizhou -0.51 Jiangxi 225
5 Hainan -0.50 Henan 2.60
6 Sichuan -0.44 Fujian 2.70
7 Shanghai -0.44 Shaanxi 3.18
8 Chongqing -0.38 Sichuan 3.92
9 Shandong -0.38 Hubei 4.13
10 Nei Mongol -0.37 Hebei 4.62
I Xinjiang -0.37 Hainan 5.32
12 Shaanxi -0.36 Heilongjiang 5.39
13 Anhui -0.33 Chongging 5.41
14 Jilin -0.32 Tianjin 5.79
15 Fujian -0.31 Zhejiang 5.82
16 Hebei -0.18 Guangdong 6.29
17 Liaoning -0.16 Beijing 6.82
18 Yunnan -0.09 Shanghai 8.57
19 Hubei -0.07 Yunnan 9.85
20 Shanxi -0.01 Jiangsu 10.37
21 Jiangsu 0.06 Shandong 10.43
22 Jiangxi 0.09 Gansu 10.94
23 Henan 0.24 Liaoning 11.92
24 Zhejiang 0.29 Nei Mongol 12.00
25 Qinghai 0.35 Hunan 13.39
26 Guangdong 0.39 Guangxi 17.75
27 Heilongjiang 0.60 Jilin 23.01
28 Gansu 0.79 Xinjiang 45.74
29 Guangxi 091 Guizhou 45.84
30 Hunan 2.6l Qinghai 217.63
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The following maps depict the indicator scores by province. The maps consistently depict the best
performers in yellow and the worst performers in dark brown. The South and Northeast are
particularly hard hit by toxics.

China EPI: Toxic Pollutants Discharged in Industrial Wastewater (METALS), 2007
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China EPI: Hazardous Waste Intensity (HAZINT), 2007
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Ecosystem Vitality

A. Air Quality for Ecosystem Vitality

1. Introduction

Air pollutants, in addition to harming human health, may adversely impact ecosystem capacity and
services. For example, ground-level O; oxidizes and degrades plant cuticles, thereby inhibiting

vegetation and crop growth. SO, and NO, are oxidized in the atmosphere to form acid rain, which
harms fisheries, creates imbalances in acid-sensitive aquatic ecosystems, leaches nutrients from the

soil, and reduces agricultural and forest productivity.

Acid rain falls on approximately 30% of Chinese territory, reaching or passing critical loads in East,
Southwest, South, and Central China (OECD 2007). In 2004, acid rain was recorded in 215 out of
526 Chinese cities, and 10.3% of cities suffer from highly acid rain. China’s heavy use of coal is a
major source of acid rain in Northern Asia (ibid.). Monitoring shows that the concentration of
sulfuric and nitric ions in rain is also high, causing damage to forests, crops, water supply, and
buildings. Additionally, excess nitrogen in the waterways (which can be deposited from air pollution)
leads to eutrophication. In general, the aspects of air pollution that are harmful to human health are
harmful to the environment as well (Emerson, Esty et al. 2010).

2.  Ideal and International Best Practices for Measurement

Ideal performance measures for air pollution's effect on ecosystem health and vitality address how
air pollution may affect forests, bodies of water and waterways, and vegetation and crops.
Ecosystem impacts are generally measured through critical loads—deposition thresholds under
which ecosystem structure and function are not harmed (Bull 1991). While the critical load concept
seems simple, in practice it is more difficult to use than the straightforward monitoring of airborne
pollutant levels used to assess air quality for human health. This is because the critical load
approach requires defining an environmental “receptor’” of concern and setting load targets relevant
to that receptor, a complicated scientific process that also makes comparisons difficult across

ecoregions (ibid.).

A great deal of the research and policy related to air quality is specific to impacts on human health.
To manage air quality for vegetation health, governments need to focus on SO,, NOx, ground-level
ozone, and non-methane volatile organic compounds (NMVOCs) (Emerson et al. 2010). Because
these pollutants can be transported long distances and across provincial and national borders, it can
be difficult to assign responsibility for ecosystem impacts to local jurisdictions. In addition, for the
reasons stated above, there is not a “one size fits all” target for concentrations or deposition levels.
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Box: Measuring Ozone Using Remote Sensing

Remote sensing represents a promising approach to measuring pollutant concentrations. The main
advantages are that it provides wall-to-wall coverage of different pollutants such as particulate matter, ozone,
and nitrogen dioxide. The main disadvantage is that because the sensor is measuring the entire air column, it

is difficult to measure ground-level concentrations high a high degree of precision.

Working with data from the Ozone Monitoring Instrument (OMI) and with technical assistance from
colleagues at the Harvard-Smithsonian Center for Astrophysics and Goddard Earth Sciences and Technology
Center of University of Maryland, CIESIN processed daily retrievals over East Asia from May 1-September
24, 2006. The readings were for the atmospheric boundary layer (0-3km altitude), the lower troposphere (0-
6km), and the trophosphere (0-12km). The figure below depicts the mean lower troposphere ozone
concentration in parts per billion (PPB) in its native grid format (background) and aggregated (averaged) to
provincial level. The values range from 0 to almost 70 PPB. WHO has set thresholds for health effects (not
ecosystem impacts) of 50 PPB (100 ug/m?3 ) over an eight hour period. Concentrations above this threshold
are considered damaging to human health. The fact that the figure below represents an average of readings
over almost five months suggests that there are very high and potentially health-threatening concentrations
over the industrial belt in southeastern China. However, these data need to be calibrated against ground

measurements and therefore should be treated with caution.

Mean Lower Troposphere Ozone Concentration (Parts Per Billion (PPB))
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Different ways to track these impacts include averaging ground-level ozone concentrations over the
growing season, summing hourly mean concentrations above a certain threshold, or creating a
weighted average that gives greater weight to larger hourly concentrations (Fuhrer, Skirby et al. 1997
93). The European Union has developed Air Quality Index (AQI) guidelines that recommend
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choosing a limit value, target value, alert threshold, and guide value for each of the pollutants
measured (Kassomenos, Skouloudis et al. 1999). The United States also uses an AQI, but while
there are international standards on the basic principles for constructing such an index, there are no
standards for metrics or targets. There is also continued scientific controversy over whether it
makes sense to aggregate multiple pollutants together in this way, and how to account for the
differences between short-and long- term impacts and the synergistic effects of multiple pollutants
(Shooter and Brimblecombe 2009). Furthermore, few if any countries set separate standards for
ecosystem impacts and human health, preferring to subsume all goals into one easily-digestible
synthetic index (Bruno and Cocchi 2007). While simpler from a policy and public awareness
perspective, this type of indexing makes it difficult to identify best practices in the specific realm of
protecting air quality for environmental as distinct from human health.

3. China’s Measurement Practices

Data on air pollution concentrations are collected at the city level in China, but are not typically
collected or reported for rural areas (e.g., agricultural regions or protected areas). This means that it
is difficult to infer from the urban data what the impacts are on ecosystems of concern. In addition,
to our knowledge there has been no calculation of critical loads for ecosystems in China, and hence
there is no way to assess whether or not there have been exceedences of those loads. Acid
deposition monitoring work in China was started in the late 1970s, and in 1989 China established
the national acid rain monitoring network (Ding Xu, et al. 2004). By the end of 2005, there were
over 1,200 monitoring sites carrying out regular monitoring of acid rain in over 600 cities (including
districts and counties) (Zheng, Xu et al. 2008). Of these monitoring sites, 75% of them are located in
urban area and 25% of them are located in suburbs. It is thought that there are not enough suburban
and rural sites (ibid). In 2004, SEPA issued Technical Specifications for Acid Deposition Monitoring
(HJ /T 165-2004.), specifying the acid deposition monitoring point sets, sampling methods,
monitoring frequency, sample analysis and the corresponding analysis of the project, monitoring of
quality assurance, and monitoring, data processing and reporting.

As an air pollution management strategy for ecosystem vitality, China has concentrated on lowering
emissions, particularly of SO, and NO,. The 11th FYP (2006-2010) sets a target of reducing total
SO, emissions by 10 percent from 2005 levels by 2010. The 10th FYP (2001-2005) set the target of
reducing total SO, emissions by 10 percent from 2000 levels. Instead of meeting that target, by 2006
China exceeded the goal by over 40 percent (Cao, Garbaccio et al. 2009 235). MEP departments
held a seminar on implementing total NO, emissions control in the 12th FYP (2011-2015) in April
of 2009.

China has been collecting some key emissions data since the early 1990s. The length of time allows
for the possibility of trend analysis. To better monitor exposure to air pollution, it is recommended
that authorities collect and analyze concentration data for the pollutants of greatest concern to
ecosystem health.
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4.  Summary Indicator Calculations and Results

China EPI Air Quality for Ecosystems Indicator

Of the indicators considered, the following two were chosen to assess the impact of air quality on

the environment.

Policy

Policy Indicator

Categories

Category Indicators Data Source

Codes Codes

SO, emissions per Ministry of
2 P SO2 E Environmental not available
Air Pollution populated land area Protection
(effects on AIR_E Mini ¢
ecosystem) NO, emissions per |n.|stry N .
x NOX E Environmental not available
populated land area - .
Protection

Both emissions measures were divided by the province’s land area populated by more than five
persons per square kilometer. This avoided favoring provinces with extensive unpopulated lands,
and recognizes that most emissions and exposure to air pollution occurs in areas that are populated.

SO2_E was available from 2003 to 2007, and NOx_E from 2006 to 2007. Both are measured in
units of tons/square km of populated land area.

Data Quality and Representativeness

In both cases, data came from the Ministry for Environmental Protection. Data was available for all
provinces except for NOX_E for Xizang.

Correlations

. . T SO2_E NO2_E
The Pearson coefficient calculated for the air quality indicators

shows that SO2_E and NOX_E are extremely highly SO2_E 1
correlated, as we would expect with most measures of these

NOX_E 0.99 1

two gases produced from fossil fuel combustion.

Ranks and Trend Analysis

The chart below shows both SO, and NOx emissions normalized by populated land area for all
provinces. The populated land area was derived by using CIESIN’s Global-Rural Urban Mapping
Project (GRUMP) data (CIESIN 2004), and calculating the area of each province that is populated
above a threshold of 2 persons per square km. The two indicators visually correlate very well with
one another, with a dramatic spike for Shanghai owing to its limited populated land area (6,015
sq.km as opposed to 10,554 in Tianjin and 16,482 in Beijing).
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Figure 8. Air Quality for the Environment by Province.
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The following table shows ranked data for the two variables, from the best performer to the worst
performer. Both data sets are from 2007.

Rank | Province SO2_E Province NOX_E

(tons/km2) (tons/km2)
| Xizang 0.0l Xinjiang 0.58
2 Xinjiang 0.80 Yunnan 0.76
3 Hainan 0.80 Gansu 0.76
4 Heilongjiang 1.30 Sichuan 0.81
5 Yunnan 1.40 Qinghai 1.01
6 Qinghai 1.50 Guangxi 1.15
7 Gansu 1.80 Heilongjiang 1.21
8 Jilin 2.10 Nei Mongol 1.37
9 Nei Mongol 2.40 Shaanxi 1.47
10 Sichuan 2.90 Hunan 1.48
I Fujian 3.70 Jiangxi 1.77
12 Jiangxi 3.80 Jilin 2.02
13 Hubei 3.90 Hainan 238
14 Guangxi 4.10 Fujian 2.46
15 Anhui 4.20 Hubei 2.56
16 Hunan 4.30 Chongqing 2.94
17 Shaanxi 4.50 Ningxia 3.49
18 Guangdong 6.90 Anhui 4.20
19 Ningxia 7.20 Shanxi 4.39
20 Guizhou 7.80 Guizhou 5.06
21 Zhejiang 7.90 Liaoning 5.62
22 Hebei 8.00 Hebei 6.52
23 Liaoning 8.50 Henan 6.73
24 Shanxi 8.90 Zhejiang 8.06
25 Beijing 9.20 Guangdong 8.16
26 Henan 9.50 Shandong 851
27 Chongqing 10.10 Jiangsu 13.05
28 Shandong 11.90 Beijing 15.05
29 Jiangsu 13.30 Tianjin 19.05
30 Tianjin 23.20 Shanghai 78.80
31 Shanghai 82.80
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The following maps depict the indicator scores by province. The maps consistently depict the best

performers in yellow and the worst performers in dark brown. These maps clearly depict the
concentration of emissions in eastern China.

China EPI: Population Weighted Sulfur Dioxide Concentrations (SO2), 2007
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China EPI: Nitrogen Oxides Emissions (NOX_E), 2007
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B. Water Quality and Quantity for Ecosystem Vitality

1.  Introduction

The section on water quality and quantity for human health addressed water resources for human
needs, touching on aspects of water quality. Here the primary focus is on water quantity and quality
for ecosystem services. Over many parts of the planet, the amount of water left over after human
uses and the quality of that water is not sufficient to maintain ecosystem services. As a result of
pressures on aquatic ecosystems, 20 percent of freshwater species have become extinct, threatened
or endangered in the last two decades (Dudgeon, Arthington et al. 2005 ; WRI 2007). Hydrologic
flow modification, along with pollution and invasive species, has been identified as one of the most
important factors in the decline of freshwater ecosystems (Richter, Mathews et al. 2003). Given the
importance of natural flow regimes in maintaining freshwater ecosystems and the growing human
pressure on water resources, the concept of a minimum ecological flow (including magnitude,
duration, timing, and frequency components) required to protect ecosystems has been developed
(Suen and Eheart 2000).

The quality of fresh water is impacted most in countries with extensive cultivated and urban systems
(high use, high pollution sources) and dryland systems (high demand for flow regulation, absence of
dilution potential). China is characterized by all three, albeit in different regions. This has
contributed to the fact that one-third of water courses are severely polluted (OECD 2007). Pollutant
emissions are particularly high in the agricultural and industrial sectors. Agro-chemicals are widely
used for pest management, and these may be dispersed into water bodies via non-point source
runoff. Industries such as pharmaceutical plants, paper-making, smelting and chemical
manufacturers often illegally discharge sewage into reserves. Toxic chemicals from e-waste
processing often finds its way into underground aquifers.

Low water flows owing to climatic fluctuations combined with overuse for agriculture and industry
deprives aquatic ecosystems of adequate water for maintenance of aquatic biodiversity and other
essential ecosystem functions and services (Smits and Chen 2004). In the Yellow River basin, it is
estimated that a minimum of 25% of natural flow is required to sustain the estuarine environment,
but human withdrawal currently leaves less than 10% and frequently leaves the river running dry
(Shalizi 20006). Intensive water use in northern China has led to the unsustainable mining of the
aquifer under the North China Plain. In the Hai basin, the deep aquifer water table has dropped by
90 meters while around Beijing it has dropped by 100-300 meters (Xie 2008). In 1997, over 221,000
new wells were dug on the North China Plain, while over 100,000 were abandoned (World Bank and
SEPA 2007). Because the deep North China aquifer recharges only slowly, this consumption
represents the depletion of a non-renewable resource. The World Bank estimates the cost of
groundwater depletion in China at RMB 92 million (US$13m) a year (ibid.). In terms of water
quality, China has serious nutrient water pollution, partly because of intensive agriculture; fertilizer
application is estimated at 379 kg/ha, more than 2.5 times the wotld average (Koo-Oshima 2005).
One study of 50 lakes found that 60% were eutrophic or hypertrophic, including the five largest
freshwater lakes in the country (Xiangcan 2003).
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OECD (2007 91) finds that “the 2002 Water Law opens the way for integrated river basin
management, stakeholder participation and the use of market mechanisms in water management, in
other words for a major reform of the water sector.” Institutions are also in place for river basin
management. Yet the demand for water resources and the growth in industrial activities are placing a
significant strain on aquatic ecosystems.

2. Ideal and International Best Practices for Measurement

Internationally, two measures are commonly used to compare countries or jurisdictions on water
availability for human uses. The Falkenmark Water Stress Index, a commonly used indicator of
water quantity, relates existing water resources to minimum per capita requirements. Currently 17
countries are categorized as water stressed (with between 1,700 and 1,000 m’ per capita renewable
water resources per year) and 29 countries are water scarce (< 1,000 m’ per capita per year) (WRI
2009). The United Nations uses a water scarcity and sustainable development indicator developed by
Raskin. The indicator calculates the ratio of withdrawals to available renewable resources. Because
the Raskin metric compares actual withdrawals to theoretically available resources, it is more closely
related to environmental performance than the Falkenmark indicator.

The WHO has established an exhaustive list of guidelines for the various chemicals, radioactive
elements, biologically and chemically derived contaminants, and microbes that affect drinking water
quality. For example, the guidelines specify standards for chemical contaminants, including
cadmium, cyanide, mercury, benzene, EDTA, and various PCBs that are toxic to humans or animals
(WHO 2008c¢). There are important chemical indicators of water quality including dissolved oxygen
levels (EPA 1995 ; Grossman and Krueger 1995), biological oxygen demand (Delzer and McKenzie
2003), nitrogen and phosphorous levels (Carpenter, Caraco et al. 2008), and pH (Schindler 1988 ;
Feng, Huang et al. 2001).

Though chemical indicators like those described above have a long history in water quality
monitoring, biological indicators are beginning to be used more frequently. Yoder and Rankin (1998)
have argued that chemical proxies give information on only one aspect of water quality while in fact
the ecosystem effects of pollution can interact in non-linear ways and are integral across many
components. They suggest that only using chemical indicators for tracking water quality
underestimates the area of degraded freshwater habitat. This problem can be addressed by using
standard biological indicators of ecosystem health.

The Index of Biotic Integrity (IBI) is the original and most widely used biological index of water
quality (Karr 1991). The original formulation included 12 metrics measuring fish species richness
and abundance and was developed for use in small warm-water streams in the mid-West of the
United States. Each metric was scored between 1 and 5 based on comparison with a system
undisturbed by human activity. Since originally formulated it has been widely used and adapted for
different regions and ecosystems. For example, Zhu and Chang (2008) applied the IBI to study the
upper Yangtze River. The IBI is now routinely used in several states in the U.S. as well as in France
and Mexico.
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3. China’s Measurement Practices

Data is available on industrial toxic pollutant discharges. It is unclear if these discharges are directly
measured by industries or government agencies, or if they are estimated based on industrial
composition and economic output statistics.

For the agricultural sector, according to the first environmental pollution census of 2007, non-point
source agricultural runoff contributes significantly to water pollution. At the national level, 43.7% of
Chemical Oxygen Demand (13 million tons), 57.2% of nitrogen emissions (2704.6 thousand tons),
and 67.3% of total phosphorous emissions (284.7 thousand tons) are from agriculture.” These data

are not available on the provincial level.

4.  Summary Indicator Calculations and Results

China EPI Water Quality for Ecosystems Indicator

A full EPI should include indicators for water stress and water quality. We were unable to obtain
raw data on water quality such as nitrogen and phosphorus concentrations, dissolved oxygen, pH, or
electrical conductivity.”' Water quality data are reported based on the amount of surface water that
meets standard grades I through V, where Grade I indicates better water quality and Grade V
indicates worse. Table 4 shows the requirements for each grade of water. The table shows that with
24 factors, disentangling the factors contributing to why a water body failed to meet the grade
requirements becomes nearly impossible. For example, the grading scheme does not allow one to
ascertain if pollutant levels for only or for many pollutants decreased in the case of a water body that
improved from Grade IV to III. As with the API, the grading scheme makes it difficult to assess
which pollutants are at the root of water quality problems.

Data for 400 surface water quality monitoring stations are collected annually. However, members of
the China EPI team could not obtain the data from the China National Environmental Monitoring
Center, and instead were referred to the grading scheme. Results are generally termed as percentages
of surface water sections below or above a certain grade. Even though there is time-series data, the
indicators are difficult to interpret since this approach tends to mask the specific pollutants and
concentration levels found in each water body. This, in turn, also limits remediation efforts, since in
the absence of this information it is difficult to target interventions.

50 MEP: First National Pollution Source Census Press Conference (transcript) (B8 — k4 G Gl 2 17 10 A0 R
FOBT I R AT 2 TR ), March 11, 2010.

1 These data are available for a small number of stations through UNEP-GEMS Water, but the stations are not
sufficiently representative geographically to be able to calculate provincial level indicators in the same way that the 2010
EPI has developed the Water Quality Index (Emerson et al. 2010).
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Table 4. China’s Water Quality Grading Rubric

Grade | | Gradel ll Grade lll Grade IV Grade V
The standard is that weekly average of human waste-caused water
Water temperature . . o . 5
temperature increase is less than 1°C and decrease is less than 2°C
pH 6-9
Dissolved oxygen (mg/L) > 7.5 6 5 3 2
Permanganate Index (mg/L) < 2 4 6 10 15
COD (mg/L) < 15 15 20 30 40
BOD; (mg/L) < 3 3 4 6 10
NH;-N (mg/L) < 0.15 0.5 1.0 1.5 2.0
Phosphorus (mg/L) < 0.02 0.1 0.2 0.3 0.4
Nitrogen (mg/L) < 0.2 0.5 1.0 1.5 2.0
Bronze (mg/L) < 0.01 1.0 1.0 1.0 1.0
Zinc (mg/L) < 0.05 1.0 1.0 2.0 2.0
Fluoride (mg/L) < 1.0 1.0 1.0 1.5 1.5
Selenium (mg/L) < 0.01 0.01 0.01 0.02 0.02
Arsenic (mg/L) < 0.05 0.05 0.05 0.1 0.1
Mercury (mg/L) < 0.00005 0.00005 0.0001 0.001 0.001
Cadmium (mg/L) < 0.001 0.005 0.005 0.005 0.01
Chromium (mg/L) < 0.01 0.05 0.05 0.05 0.1
Lead (mg/L) < 0.01 0.01 0.05 0.05 0.01
Cyanide (mg/L) < 0.005 0.05 0.2 0.2 0.2
Volatile phenols (mg/L) < 0.002 0.002 0.005 0.01 0.01
Petroleum (mg/L) < 0.05 0.05 0.05 0.5 1.0
Anion Surfactant (mg/L) < 0.2 0.2 0.2 0.3 0.3
Sulfide (mg/L) < 0.05 0.1 0.2 0.5 1.0
Fecal Coliforms (total/L) < 200 2000 10000 20000 40000

Source: (SEPA 2002a 2)

As a result, the only indicators we are able to include are the Water Scarcity Index (WSI) and the
Intensity of Chemical Oxygen Demand (COD) emissions. WSI is the ratio of total consumption of
water (for agriculture, industry, and households) to the total water resources. The Intensity of COD

emissions are measured as metric tons of emissions divided by provincial GDP.** Data came from
the China Statistical Yearbook.

Polic Policy Indicator
L Category Indicators Data Source
Categories Codes
Codes
Woater Scarcity China Statistical
Index W Yearbook 04
woser (oects | waTen s
Y Intensity of COD China Statistical | &' 2%
.. COD emissions
emissions Yearbook . th
during the | |
five-year plan

52 Note that the new 12% Five-year Plan has targets for total COD emissions that are not normalized by GDP.
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Data Quality and Representativeness

Besides the lack of adequate data for calculating a full index for the Water Quality and Quantity for
the Environment category, the available WSI data had the same drawbacks as other data sets, as
detailed above—no information on the methodology or monitoring approach. Data were available

for all provinces.

Correlations

No correlation calculations are possible due to the use of only one indicator.

Ranks and Trend Analysis

Figure 9 shows the calculated Water Scarcity Index and the Intensity of COD emissions for all
provinces. For the Water Scarcity Index, any ratio higher than one should be considered
unsustainable, as water is being depleted at a rate greater than it is naturally available in the province.
Note in this chart and the following table that six provinces are above a ratio of one, and Ningxia, in
northwestern China, is withdrawing water at a rate nearly seven times greater than that which could

be sustainable. Most of the over-subscribed provinces are heavily urbanized.

Ningxia province is also one of the highest in intensity of COD emissions, very close to the worst

performer, Guangxi.

Figure 9. Water Quality and Quantity for the Environment by Province.
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The following table shows all provinces, ranked from best performance to worst performance
(lowest to highest Water Scarcity Index and Intensity of COD Emissions).

Wsi CcoD
(consumption: (¢/100 mill)
resources)

Xinjiang 0.01 Beijing 11.33

2 Qinghai 0.05 Shanghai 24.12
3 Yunnan 0.07 Tianjin 27.13
4 Guizhou 0.09 Shandong 27.73
5 Sichuan 0.09 Zhejiang 30.03
6 Chongging 0.12 Guangdong 32.72
7 Hainan 0.16 Jiangsu 34.61
8 Fujian 0.18 Fujian 41.41
9 Jilin 0.21 Xizang 43.84
10 Guangxi 0.22 Henan 46.23
I Shaanxi 0.22 Nei Mongol 47.28
12 Hunan 0.23 Hebei 48.65
13 Zhejiang 0.24 Liaoning 56.97
14 Hubei 0.25 Chongging 60.89
15 Guangdong 0.29 Yunnan 6l1.16
16 Liaoning 0.29 Anhui 61.24
17 Anhui 0.33 Shaanxi 63.12
18 Henan 0.45 Gansu 64.39
19 Gansu 0.54 Hubei 65.11
20 Nei Mongol 0.55 Shanxi 65.23
21 Shandong 0.57 Heilongjiang 69.07
22 Shanxi 0.57 Sichuan 73.39
23 Heilongjiang 0.59 Jilin 75.69
24 Xizang 0.6 Xinjiang 82.31
25 Jiangsu 0.61 Hainan 82.56
26 Jiangxi 1.13 Guizhou 82.79
27 Beijing 1.46 Jiangxi 85.27
28 Hebei 1.69 Qinghai 96.99
29 Tianjin 2.07 Hunan 98.26
30 Shanghai 3.48 Ningxia 154.07
31 Ningxia 6.84 Guangxi 178.49
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The maps below depict the indicator scores by province. The maps depict the best performers in
yellow and the worst performers in dark brown.

China EPI: Chemical Oxygen Demand, normalized by GDP (COD), 2007
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China EPI: Water Scarcity Index (WSI), 2007
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C. Habitat and Biodiversity

1. Introduction

Biodiversity provides a large number of goods and services that sustain our lives. Ecosystem services
and products support such diverse industries as agriculture, cosmetics, pharmaceuticals, pulp and
paper, horticulture, construction and waste treatment. The Millennium Ecosystem Assessment
identified four types of ecosystem services: provisioning (e.g., food and water), regulating (e.g.,
regulation of climate, water, and disease), cultural (e.g., spiritual, recreational, and educational), and
supporting (e.g. soil maintenance, pollination, and nutrient cycles) (Millenium Ecosystem
Assessment 2005: 39). Thus, loss of biodiversity threatens food supplies, opportunities for
recreation and tourism, and sources of wood, medicines and energy.

Owing to its size and diversity of landforms and climate zones, China is a country rich in biological
diversity, with more than 30,000 species of higher plants, 6,000 species of vertebrates, and neatly
600 types of terrestrial ecosystems (Xu, H., Wang et al. 1999). Up to half of China’s species are
endemic to the country (Liu, J., Ouyang et al. 2003). Economic development and resource
exploitation, however, currently threatens this diversity. Around 15-20% of China’s fauna and flora
species are endangered (UNEP 1999: 82). Over the past half-century, significant numbers of animals
and plants in China have become endangered, with some going extinct. Over-harvesting, habitat
conversion, and pollution have all contributed to this decline in species diversity. Because of China’s
size and the diversity of its habitats, efforts within its borders to protect habitats and biodiversity will
not only benefit China, but will also make feasible the protection of Earth’s most vital ecosystems

and endangered species on a global scale.

To protect its biodiversity, China has created 2,067 national and local nature reserves covering about
17 percent of the nation’s territory (UNEP-WCMC 2011). Although this exceeds the recommended
coverage by the Convention on Biological Diversity, Liu et al. (2003) state that local governments
manage most national level reserves with only limited support from the central government, and that
as of around the year2000 many protected areas had poorly defined boundaries, limited management

teams and limited funding levels. The situation has improved since then.

Protected areas are a necessary but insufficient condition for biodiversity conservation. Other
measures include incorporating biodiversity assessments in environmental impact assessments
(EIAs), landscape conservation, and ex siz# conservation. According to Xu & Li (2006), biodiversity
is generally neglected in EIAs for major construction projects.

2.  Ideal and International Best Practices for Measurement

At the 1992 Earth Summit in Rio de Janeiro, global leaders agreed on a comprehensive strategy for
sustainable development. The conference resulted in the Convention on Biological Diversity (CBD),
which makes commitments for maintaining the world’s ecological underpinnings while still pursuing
economic development. Three main goals have been established in the convention: the conservation
of biological diversity, the sustainable use of its components, and the fair and equitable sharing of
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the benefits from the use of genetic resources (UNEP 2009b). The overarching goal of CBD and
countless other international conservation organizations is to halt the loss of biodiversity.

In 2001, the European Union (EU) adopted its Strategy for Sustainable Development, which
included the target of halting biodiversity loss by 2010 (EEA 2007). CBD subsequently adopted this
target, and in 2003 the CBD released both technical and technological advice on designing indicators
for biological diversity analysis (UNEP 2003). The following table summarizes the 2010 Target
indicators.

Table 3: Provisional Indicators for Assessing Progress towards the 2010 Biodiversity Target

Focal Area Indicators

Status and trends of the components of Trends in extent of selected biomes, ecosystems, and habitats

biological diversity Trends in abundance and distribution of selected species
Coverage of protected areas
Change in status of threatened species
Trends in genetic diversity of domesticated animals, cultivated plants, and fish
species of major socioeconomic importance

Sustainable use Area of forest, agricultural and aquaculture ecosystems under sustainable
management
Proportion of products derived from sustainable sources

Ecological footprint and related concepts

Threats to biodiversity Nitrogen deposition

Trends in invasive alien species
Ecosystem integrity and ecosystem Marine Trophic Index
goods and services Water quality of freshwater ecosystems

Trophic integrity of other ecosystems

Connectivity / fragmentation of ecosystems

Incidence of human-induced ecosystem failure

Health and well-being of communities who depend directly on local ecosystem
goods and services

Biodiversity for food and medicine

Status of traditional knowledge, Status and trends of linguistic diversity and numbers of speakers of indigenous
innovations and Practices languages
Other indicator of the status of indigenous and traditional knowledge
Status of access and benefit-sharing Indicator of access and benefit-sharing
Status of resource transfers Official development assistance provided in support of the Convention

Indicator of technology transfer

Table Source: (UNEP 2003)

CBD encourages biodiversity protection on a national level, and provides a framework of indicators
and targets as a flexible guideline for each nation to implement accordingly. Currently, the main
challenge to achieving the 2010 Target lies in implementation, especially in the food, agriculture, and
trade sectors. Although global-scale measures to fully assess progress are lacking, available indicators
show that biodiversity is still in decline at all levels and geographical scales. However, with the
potential for the Biodiversity 2010 Targets to be incorporated into the Millennium Development
Goals, protecting biodiversity still retains its position as an important, if not crucial, international
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environmental goal (UNEP 2010). Currently, the legal and policy instruments are, for the most part,
in place. Implementation and assessment, however, still leave room for improvement.

Measurement of biodiversity and habitat varies considerably by ecosystem type. Habitat measures
typically look at the size and intactness of habitat types. Forest ecosystems can have both small-
scale and landscape diversity, and so multi-scale monitoring techniques (for example, landscape-scale
remote sensing combined with stand-level monitoring in inventory plots) are appropriate for
assessing diversity (Noss 1999). For species inventories, standard statistically representative field
survey techniques have been developed (Yoccoz, Nichols et al. 2001). In addition, annual wildlife
population surveys using consistent methods are considered vital for gauging population trends

(ibid.).

In an early article on biodiversity monitoring, Noss (1990) wrote, “Intensive research and
monitoring can be directed to high-risk ecosystems and elements of biodiversity, while less intensive
monitoring is directed to the total landscape (or samples thereon)...[P]articular attention should be
paid to specifying the questions that monitoring is intended to answer and validating the
relationships between indicators and the components of biodiversity they represent” (p.355). Noss
added that “monitoring will be most successful when it is perceived (and actually qualifies) as
scientific research and is designed to test specific hypotheses that are relevant to policy and
management questions” (p.361). Unfortunately, despite a high level of policy focus and research
into measuring biodiversity, it has been exceedingly difficult to develop scientifically valid and
politically useful global indicators for measuring actual biodiversity, and many indicators currently in
use are by necessity proxies (Orians and Policansky 2009; Emerson et al. 2010).

3. China’s Measurement Practices

Technical standards and guidelines™

China was one of the first countries to ratify the Convention of Biological Diversity (CBD) in 1993.
Since then, it has become a signatory to several other international conventions and agreements
related to biodiversity, and has also established an internal legislative framework for biodiversity
conservation. To date, China has issued four national reports on implementation of the Convention
on Biological Diversity, the latest one published in 2008. Since 1993, China has promulgated and
implemented a number of plans and programs related to biodiversity conservation. Relevant
departments have also developed special conservation action plans to integrate biodiversity

conservation into national action plans.

At the national level, the following three should be mentioned:

* China Biodiversity Conservation Action Plan™* (NEPA 1994). Officially released by the State
Council in June 1994, the Action Plan defines the overall target for China’s biodiversity
conservation as “[to] set in place as soon as possible measures for avoiding further damage,

53 Clearinghouse Web sites for information on biodiversity protection in China can be found at:
http://www.cbd.int/countries /?country=cn and http://english.biodiv.gov.cn.
54 http:/ /bpsp-neca.btim.ac.cn/books/actpln_cn/index.html
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and, over the long term, for mitigating or reversing the damage already done”. The overall
goal includes 7 concrete objectives: “(1) strengthen fundamental studies on biodiversity...
(2) improve the network of national nature reserves and other protected areas... (3) protect
wild species significant to biodiversity... (4) protect the genetic resources of crops and
domesticated animals... (5) In-situ Conservation Outside Nature Reserves... (6) establish
the national network of biodiversity information and monitoring... (7) coordinate
biodiversity conservation with sustainable development.” Under these objectives, 26 actions
and 18 key projects have been identified.

China’s Agenda 21. Adopted by the State Council in March 1994, the Agenda identified the
following objectives concerning biodiversity conservation: “(1) Establish a national nature
reserve network with a full range of categories and levels, reasonable distribution, and
appropriate coverage by the year 2000; (2) Protect special habitats and ecosystems, such as
wetlands, coral reefs, mangroves, estuaries, Tibetan Plateau and lake ecosystems, as well as
those important for migrating wildlife; (3) Protect habitats and species outside nature
reserves; (4) Establish and perfect an ex-situ conservation network for rare and endangered
wild animals and plants; and (5) Protect fresh water and marine biodiversity” (Xu, H. et al.
1999 824). Approximately 60% of the priority projects in China’s Agenda 21 were
implemented or started by 1999 (ibid.).

National Program for Nature Reserves (1996-2010). In 1996 China set short- and long-term
goals for the conservation of various habitats, culminating in 2010. By 2010, the country
was meant to have 1,200 nature reserves spread across forest, grassland, desert, wetland, and

coastal habitats—more than 10% of the country’s land area. See table 3 below for land area
goals in 2000 and 2010 (Xu, H. et al. 1999).

During the 11" FYP, several other plans and programs related to biodiversity conservation have

been released, such as the National Program for Conservation and Use of Biological Resources.

The Ministry of Environmental Protection (MEP) coordinates these domestic efforts, and has

established a Leading Group of agencies with significant biodiversity responsibilities to provide

overall supervision, direction and coordination under the Biodiversity Conservation Action Plan

(NEPA 1994).
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Table 3. Nature Reserve Development planning in China

Area of nature Percent area of this  Area of nature Percent area of this
reserves by year type habitat in reserves by year type habitat in
Types of habitat 2000 (million hm?) China (%) 2010 (million hm?) China (%)
Forest 22.37-23.45 22.4-23.5 26 26.0
Grassland 11.40-12.00 6.6-6.9 16 9.2
Desert 39.30-39.95 20.5-20.8 45 23.4
Terrestrial 8.77-9.07 23.1-23.9 11 28.9

Wetland and
Fresh waters
Ocean and coast 4.50-4.80 1.0 12 2.5

Source: (Xu, H. et al. 1999)

More specifically, the government report Outline for National Ecological Conservation™ has
stipulated many short, intermediate, and long-term objectives, including increasing forest coverage,
protecting land areas from desertification, increasing the area of forest parks and wildlife nature
reserves, and instituting conservation projects for endangered plants and animals (Xu, H. et al.
1999).

However, despite the wealth of initiatives, there are many problems with the current government
endeavors and legislative framework. First, protection mechanisms remain very weak, and financing
for conservation methods is not sufficient. Also, besides the China Biological Diversity Protection
Action Plan drafted in 1994, there is no comprehensive law on nature conservation. Thus, with little
coordinated and coherent action, China has seen only inefficient and fragmented responses to the
problem of conservation. Mentions of biodiversity are scattered within various natural resource laws
and regulations, and they often go unenforced. Ambiguous responsibility and unreasonable
penalization of violators further undermine the effectiveness and practicability of laws and
regulations (ibid.). There do not seem to be sufficient legal and policy structures available to achieve
the stated goals of the Outline for National Ecological Conservation.

China’s biodiversity protection would benefit from more institutional coordination and monitoring.
China also needs to assess the viability of its conservation plans, because most goals (as above) are in
terms of amount or percent of land area protected, not actual species-related outcome
measurements. While large amounts of land area are technically speaking protected, as indicated the
effective protection is often low, and the planning of the protected area system as a whole does not
take into account factors such as critical habitat, connectivity corridors, marine sanctuaries, and core
endangered species habitat (OECD 2007 147). Finally, many protected areas are inadequately
funded for personnel and enforcement, and many of these protected areas serve a dual function as
tourist destinations, a role that often leads to significant negative impacts on the very habitat the
reserve was designed to protect (Xu, H. et al. 1999 830).

Globally, it is common for biodiversity monitoring to be highly localized (and therefore spotty), and
to be driven by research interests of biologists in given locations. There is a move, however, to be

55 State Council Notice (2000) No. 38, see
http://www.mep.oov.cn/ztbd/rdzl/2010sdn/zcfe /201001 /t20100113_184239.htm
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more systematic about species monitoring. In China, for selected endangered species such as pandas,
the government has reliable numbers. However, for avian species, a key indicator of ecosystem
integrity, there are no nationally representative periodic population surveys.

4. Summary Indicator Calculations and Results

China EPI Habitat and Biodiversity Indicators

Developing indicators for biodiversity and habitat conservation has proved difficult, and many
organizations have tried but not achieved consensus on input criteria (Orians et al. 2009). The
global EPI relied heavily upon protected area status to calculate this category, and following that
precedent, China’s available data sets are sufficient in scope for the calculation of an EPI.

Policy

Policy . Category Indicators Indicator Data Source
Categories Codes
Codes
Terrestrial TPA China Statistical 13% by
protected areas Yearbook, 1997-2007 2010
T . Marine protected China Marine Statistical not
BIO(!IVéI"SIty & BIODIV areas MPA Yearbook 2007 available
Habitat
Woater quality of Report on the ot
offshore marine WATQM | Administration of the Use aoa'lable
areas of Sea Areas 2006, 2007 val

Terrestrial protected area (TPA) is the percentage of the provincial territory under protected status.
Marine protected area (MPA) is measured as the percentage of total offshore marine areas that are
under marine natural reserves. Finally, water quality of offshore marine areas (WATQM) represents
the ratio of marine monitoring points whose water quality meets grade IV and below grade V on
China’s 5-class water quality scale (see Water Quality and Quantity for the Environment section for

details on the water grading scale).

Data Quality and Representativeness

There is no available information on sources or methods for producing the numbers behind the
indicators TPA and MPA, and no information on aggregation for WATQM. It is not known
whether coastal lands (as well as oceans) are included as part of marine protected areas. However,
the criteria for assigning a territory under protective status (TPA) are included in the document

Principle for Categories and Grades of Nature Reserves™®

, and the standards and methodology for
monitoring marine water quality are publicly available online (see indicator metadata for Web sites).
Data is available for all relevant provinces for the three indicators. Among coastal provinces, Hebei

is missing data for MPA.

5 GB/T 14529-93
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Correlations

The Pearson coefficients calculated for the biodiversity and

T . TPA MPA ATQM
habitat indicators show that TPA and MPA are very highly 1 WATQ
correlated (0.89), indicating that provinces that invest in habitat ;\F/II;‘;‘; 0.89 )
protection are likely to invest in both terrestrial and marine WATQM 031 047 1

biomes if they have both available. WATQM is not strongly
correlated with TPA but is moderately correlated with MPA, showing that provinces with larger
areas under marine protected areas are more likely to have better marine water quality than those

with fewer protected zones.

Ranks and Trend Analysis

Figure 10 below shows the percent of land area of each province under protected status. Thirteen
provinces have at least 10% of land area protected (the goal is 13%), which leaves 58% of provinces

well short of the goal.

Figure 10. Terrestrial Habitat Protection by Province
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Figure 11 on marine habitat protection, is limited to coastal provinces and shows a large range in
both variation of marine protected area (the blue line, axis on the right) and marine water quality
(green bars, axis on the left). For WATQM, since it is calculated as a ratio of monitoring stations

with high water quality to all monitoring stations, an ideal goal would be as close to 1 as possible.
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Figure 11. Marine Habitat Protection and Water Quality of Offshore Marine Areas by Province
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The following table shows all provinces, ranked from highest to lowest percent of terrestrial area

under protection. Data for terrestrial protected areas (TPA) and water quality of offshore marine

areas (WATQM) are from 2007, and marine protected areas (MPA) are from 2000.

Rank

DV ONONUTAWN —

Xinjiang
Qinghai
Gansu
Sichuan

Shanghai
Tianjin
Xizang

Heilongjiang

Liaoning

Jiangsu
Chonggqing
Yunnan
Nei Mongol

Ningxia
Beijing
Shanxi

Shandong
Jiangxi

Jilin

Guangxi

Guizhou
Hubei
Hainan
Hunan
Shaanxi

Guangdong
Henan
Anhui
Fujian
Hebei

Zhejiang

30.28
21.67
18.56
14.79
14.36
13.39
13.06
12.5
11.47
1091
10.73
10.41
9.78
7.96
7.29
6.63
5.96
5.92
5.78
5.44
5.34
5.28
5.24
5.08
4.68
4.6l
4.09
3.09
3.02
2.57

Tianjin
Shanghai
Liaoning
Jiangsu
Shandong

Fujian

Guangdong
Guangxi
Zhejiang

Hainan

28.08
22.15
13.44
1.89
1.17
0.98
0.62
0.52
0.07
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The following maps depict the indicator scores by province. The maps consistently depict the best
performers in yellow and the worst performers in dark brown. Less densely settled provinces in the
West tend to have higher proportions of their land area protected.

China EPI: Terrestrial Protected Areas (TPA), 2007
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China EPI: Marine Protected Areas (MPA), 2007
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D. Sustainable Forestry

1. Introduction

Forests cover almost 30% of the Earth’s terrestrial surface (FAO 2006). They harbor much of the
world’s biodiversity, provide invaluable ecosystem services (e.g., oxygen supply and flood control),
and are a major source of traditional medicines, food products, biomass energy, wood for
construction, and pulp for paper. Deforestation rates are particularly high in the tropical regions of
Southeast Asia, South America, and Africa. Forest planting, the natural expansion of forests, and

landscape restoration are only partially offsetting these losses.

In China, agricultural expansion and the demand for construction materials have put pressure on
natural forests. In the upper Yangtze region, for example, the forest cover was reduced from roughly
35% in the 1950s to only 10% by 1998 because of heavy forest product extraction (UNDP 2002).
Although natural forest cover has declined, the area of planted secondary forests and forest
plantations has increased in recent years owing largely to governmental afforestation initiatives
(Wenhua 2004 ; OECD 2007). According to the Seventh National Forest Inventory, at the country
level total forest area increased from 5.2% in 1950 to 20.36% in 2008.

Although the forest coverage has increased, the quality of China’s forests has continued to decline.
The age-distribution of China’s forests is heavily skewed to young and middle age-groups, with very
little old-growth forest cover remaining (Wang et al. 2004). The proportion of natural forest has
continued to shrink, resulting in habitat loss, and the extinction of many species (Wenhua 2004).
Less than 3% of the country’s forest area has been designated for biodiversity conservation (OECD
2007). Additionally, China’s large-scale reforestation projects largely ignore biodiversity. The new
forests may not provide ecological services as comprehensively as natural forests, and they are much
more sensitive to natural disturbances such as fire and pest infestations (UNDP 2002).

2.  Ideal and International Best Practices for Measurement

In the UN Food and Agticulture Organization’s 2070 Global Forest Resonrces Assessment (FAO 2010),
seven thematic elements are recommended for use in evaluating the progress towards sustainable
forest management:

1. Forest biological diversity, measured as the area of forest where “conservation of biological
diversity” is the primary designated function. These are usually in protected areas.

2. Forest health and vitality, measured in the percent of forest area significantly affected by
burning and in the area damaged by pests, diseases, disasters, and invasive species.

3. Productive functions of forest resources, measured in amount of wood removal and percent
of forest area with production of wood and non-timber forest products as the primary
management objective.

4. Protective functions of forest resources, measured in the percent of forest area with soil and
water conservation or other ecological goals (such as desertification control) as the primary
management objective.
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5. Socio-economic functions of forests, measured in the proportion of forests designated for
the provision of social services such as recreation, tourism, and education. Also measured in
number of forest-related jobs, amount of forest-related income, and government spending
on and revenue collection from forests.

6. Legal, policy, and institutional framework, measured in forest area covered by a national
forest policy or program.

7. Ownership and management of forests, measured in area of forest under a management plan
and, more importantly, area under nationally-designated sustainable management (a new
measurement criteria).

A review of forest monitoring practices in North America and Europe by Hickey ez 2/ (2005) found
a generally high level of formal monitoring and information reporting being conducted at the local-
level on indicators relating to planning, records and inventory, wildlife management, conservation
and most of the issue areas related to forestry operations, harvesting and inspection. Relatively less
effort is given to monitoring and reporting on water quality in the forest, forest fires, forest health,
forest ecosystem contributions to global cycles, the nature and level of environmental pollution and
the socio-economic characteristics of the local population. The FAO Assessment acknowledges
these data collection difficulties, especially in the realm of socio-economic functions of forests.

3. China’s Measurement Practices

China conducts a National Forest Inventory (NFI) approximately every five years. Seven have been
conducted to date, with the first from 1973-1976, the second from 1977-1981, the third from 1984-
1988, the fourth from 1989-1993, the fifth from 1994-1998, the sixth from 1999-2003, and the
seventh from 2004-2008. The inventory is conducted on a sample of field plots, and over time the
sample has grown from 160,000 to 415,000. For the fourth NFI, 106,300 remote sensing plots
(RSPs) were added, and this number increased to 2,844,400 for the sixth NFI (Lei, Tang et al. 2009).

Until the seventh inventory, the NFI mainly focused on area and volume metrics, with biodiversity
and ecological metrics being considered relatively less important. As of the seventh NFI, a number
of measurements related to forest health, ecosystem diversity, forest disturbances, and forest
functions have been added (Lei et al. 2009), increasing the total number of variables from 35 to 70.
The addition of forest health and biodiversity measures are welcome, since an important function of
forests is to provide wildlife habitat, and more diverse forests generally support a wider range of
plant and animal life. Data at the provincial level from the seventh inventory were made available
only recently, so we relied on the sixth inventory for this report.

Canopy cover thresholds for designating a land area as forest were reduced from 30% to 20% as of
the sixth NFI. While this is closer to international practice (the FAO uses an even lower 10%
threshold), the change affects the ability to calculate time series statistics since the numbers prior to
and following the sixth NFI are no longer comparable.

In addition to the NFIs, every 10 years China conducts a Forest Management Planning Inventory
(FMPI) that focuses on management and spatial and functional patterns at the Forest Management
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Unit (FMU) level. Thirty-three parameters are measured, with slightly greater emphasis on tree

growth, yields, and harvest for commercial forest plots and more emphasis on forest structure,

diversity, and ecological factors in ecological forests, which are mostly in nature reserves and parks

(Lei et al. 2009). Because the government pays forest managers for ecological services, there has

been a growth in demand for data on ecological factors such as species diversity.

Although China has developed an impressive inventory system, some challenges remain. In 2002

China issued criteria and indicators for sustainable forest management with a greater focus on soil

and water conservation, biodiversity, forest health, and carbon fixing. According to Lei ez a/ (2009

59), “The current forest inventory system cannot fully satisfy the new information requirements,

particularly on ecological states and processes.” Furthermore, they suggest that much data are

collected for the sake of data collection, and not enough effort is put into analysis and translation of

that data into improved management practices.

4.  Summary Indicator Calculations and Results

China EPI Forestry Indicators

Currently, published data in annual statistical compendiums only report on forest area and growing
stock volume. Ideally, data from the NFI and the FMPI could be used to assess the proportion of

total forest area that is under sustainable management so as to better assess the sustainability of

practices at the provincial level, as recommended by FAO. In addition, forest biodiversity

inventories and ecological function assessments, also recommended by FAO, could be used to

assess species loss and the health of critical ecosystems such as alpine forests. However, the two

measures available for use as indicators in China, growing stock change and forest cover change, are

the two most available internationally and comprised the entirety of the Forestry category for the

global EPIL

Policy
Categories

Forestry

Policy

Category
Codes

FOREST

Indicators

Growing

Indicator
Codes

Data Source

China Statistical

ratio of growing

tock change FORGRO Yearbook, 1998, stock in time2 to
stock chang 2003 timel |

F ¢ China Statistical ratio of forest
Orest cover | rorcov Yearbook, 1998, cover in time2 to

change

2003

timel 21

Forest cover and growing stock changes are calculated as the ratio between the forest cover or

growing stock from the most recent survey (1999-2003) to the cover or stock from the previous

survey (1994-1998). In both cases, of ratio of =1 signifies afforestation, while a fractional ratio

indicates deforestation. Data are from the China Statistical Yearbook.
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Data Quality and Representativeness

Techniques and regulations for these measurements are publicly available online (see indicator
metadata for links). Growing stock change data is missing for Chongqing and Sichuan, and forest

cover change is missing for Chongging, Sichuan and Xizang.

Correlations

The Pearson coefficient calculated for the forestry indicators
shows that FORCOV and FORGROW are slightly
negatively correlated. The correlation is weak, but the
negative relationship may be due to active afforestation in
parts of some provinces (thereby increasing forest extent)

FORCOV

FORGROW

FORCOV FORGROW

-0.13 1

while increasing timber logging occurs in others (thereby decreasing the volume of wood).

Ranks and Trend Analysis

Figure 12 shows the rate of change of forest cover and forest growth over the monitored period.
Many provinces show rates of change =1, which signifies increases in forest coverage and growing
stocks. One province, Qinghai, has a rate of forest cover change greater than 10—completely off
the chart as compared to the other provinces. The high rates of afforestation are the result of
China’s active policy attention to this issue, especially in the wake of devastating floods in 1998.

Figure 12. Forestry by Province
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The following table shows ranked data for both forestry indicators, with provinces ranked from highest to
lowest performance. An average close to 1 indicates little change in forest area and indeed, most of the
provinces’ averages come in at 1 or just above. The most recent forest inventory was not available at the time
of data collection, so we calculated 1998-2003 change instead.

FORCOV FORGROW

Rank (5 year rate of (5 year rate of
change) change)

1 Qinghai 10.23 Xizang 1.81
2 Ningxia 2.76 Shanghai 1.75
3 Xinjiang 2.72 Guangdong 1.39
4 Jiangsu 1.67 Jiangxi 1.35
5 Nei Mongol 1.39 Hunan 1.31
6 Gansu 1.38 Guangxi 1.3
7 Henan 1.29 Guizhou 1.23
8 Hainan 1.24 Anhui 1.21
9 Yunnan 1.21 Fujian .19
10 Guangxi 1.2 Hubei 1.19
11 Guizhou I.15 Jiangsu 1.12
12 Shaanxi 1.13 Hebei 1.1
13 Shanxi .13 Nei Mongol 1.1
14 Beijing 1.12 Qinghai 1.1
15 Tianjin 1.09 Yunnan 1.09
16 Liaoning 1.07 Zhejiang 1.09
17 Shandong 1.07 Hainan 1.08
18 Zhejiang 1.07 Xinjiang 1.08
19 Anhui 1.05 Liaoning 1.07
20 Jiangxi 1.05 Beijing 1.05
21 Fujian 1.04 Jilin 1.03
22 Hunan 1.04 Gansu 1.02
23 Hubei 1.03 Henan 1.02
24 Heilongjiang 1.02 Shaanxi |
25 Jilin 1.02 Shandong 0.97
26 Guangdong 1.01 Heilongjiang 0.96
27 Hebei 0.98 Tianjin 0.93
28 Shanghai 0.87 Shanxi 0.91
29 Ningxia 0.71
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The following maps depict the indicator scores by province. The maps depict the best performers in

yellow and the worst performers in dark brown.

China EPI: Forest Cover Change (FORCOV), 2007
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China EPI: Forest Stock Change (FORGRO), 2007
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E. Agriculture and Land Management

1. Introduction

Agriculture and land management practices are challenging in the context of ecosystem and
environmental protection. Given increasing populations and changing food preferences, agricultural
production is on a trend of expansion and intensification, which, if done unsustainably, could have a
damaging impact on the land, water, and natural environment.

Expansion implies bringing new lands under cultivation, which typically entails encroachment on
“natural” land cover types such as forests and wetlands. In addition, land transformation is also a
driving force of habitat loss, with a substantial impact on biodiversity.
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Modern forms of zntensification imply some combination of improved seeds, the use of inputs such as
organic and chemical fertilizers and pesticides, and, in some cases, irrigation. Agro-chemicals and
irrigation systems have had, in some instances, serious environmental consequences such as
pesticide residues infiltrating food chains, waterlogging, soil salinization, and nutrient runoff, which

contributes to increased eutrophication of water bodies.

Currently China has greater challenges from the expansion of urban areas than with the expansion
of agricultural areas. In fact, in recent decades the country has actually been losing agricultural land
to transport infrastructure and urbanization (Liu 2006b). The country’s history of moving from a
feudal to a modern society traces the path of land reforms, beginning with transferring feudal land
ownership to peasants and later collectivizing those peasants into cooperatives and, in 1958, into
very large communes “covering several townships or even a county” (Zhou 2000 90). Multiple
waves of land reform have occurred since then, leading to the current model of “efficient, large-scale
farming...in a mixed collective-individual economy” under the dual land system (Ibid., 91). More
recently, poor agricultural practices and pressure from urbanization have led to increased erosion
and desertification as agriculture is pushed to expand to more marginal lands (Lohmar and Gale
2008).

Intensification generally consists of multiple cropping, which is to say, the growing of two or more
crops on the same field in one year. This occurs on roughly half the cropland in China (particularly
in south China). Land and water scarcity contribute to the drive towards intensification. Only 10
percent of China’s land is arable and water resources per capita are a quarter of the world average
(OECD 2005b). With an abundance of labor and tiny farms spread out over a relatively low
proportion of arable land, Chinese farming is largely non-mechanized (ibid.).

China’s fertilizer use at 280 kilograms per hectare is among the highest in the world (ibid.).
Approximately 1.2 million tons of pesticides are applied annually (Yang 2007), while the utilization
rate is only 30 percent (Cao and Xie et al. 2010). This low utilization of chemical fertilizers and
pesticides, combined with multiple cropping, has not only led to soil pollution (especially heavy
metals (Yang 2007)) of farmland but agricultural run-off also leads to eutrophication, groundwater

pollution, and air pollution.

China is facing a serious land degradation problem with topsoil erosion losses totaling nearly 40 tons
per hectare of cultivated land per year (Pimental and Wilson 2004). Research shows that in the
1990s, soil erosion affected over 160,000 thousand hectares of agricultural land per year — almost
every drainage area and every province faces soil erosion, in some cases over very large areas
(Datong 1997). Additionally, China is confronting a serious desertification problem, caused by both
climate change and human influence (Wang, Chen et al. 2008) that has threatened the nation’s
ecological and economic sustainability (Shili 2000).

Agricultural output has grown dramatically since 1990, but the relative stability of water consumption over
that time (OECD 2007) may be an indicator that yields have grown mostly via the use of fertilizer and
pesticide applications. Water consumption by agriculture still accounted for 69% of China’s total water
consumption in 1998 (after dropping from 97% in 1949, before the country industrialized) (Lohmar, Wang et
al. 2003) and irrigation practices are relatively inefficient when compared with OECD countries. The country
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is undertaking pilot projects to increase the efficiency of agricultural output, from laser leveling of fields to
the use of greenhouses (OECD 2007).

With continued population growth and improving living standards, the need for livestock products is also
growing in China. In the last 5-20 years pork, beef, sheep, poultry, egg, and milk production have grown by
200-500%, with much of the increase accounted for not by expanding pasture acreage but by converting to
intensive penned livestock production (OECD 2007). The dramatic increase is accompanied by an increased

demand for feedstuff and water and issues such as animal waste disposal.

2.  Ideal and International Best Practices for Measurement

Agriculture has an enormous effect on the global ecosystem, utilizing soil and water resources while
often contributing pesticides, greenhouse gas emissions, and nutrient-heavy runoff to the
environment. Internationally, a number of the most significant pesticides are regulated as persistent
organic pollutants (POPs) under a treaty agreed to in 2000 (see Toxics section for more details). In
1994, 117 nations signed an agreement produced by the Uruguay round of global trade negotiations
conducted under the General Agreement on Tariffs and Trade (GATT). This agreement obliged
signatory countries to recognize some of the policies that make today’s agriculture unsustainable
(WRI 1997). The 2001 International Treaty on Plant Genetic Resources for Food and Agriculture
committed the contracting parties to develop and maintain appropriate policy and legal measures
that promote the sustainable use of plant genetic resources for food and agriculture. In short,
international agreements have brought the world closer to recognizing and adopting sustainable
agricultural practices, but individual country or province performance does not always match up
with global environmental targets.

This disconnect from targets is partly caused by many nations’ reliance upon subsidies. Agricultural
subsidies for production and chemical inputs “exacerbate environmental pressures by encouraging
intense chemical use, the expansion of agriculture to sensitive areas, and overexploitation of
resources” (Emerson et al. 2010). While the best practice in environmental terms is to reduce or
eliminate subsidies and support, many countries face great pressure to maintain these trade barriers
to support their farmers and ensure food security. For instance, in 2004 China reversed a long-
standing policy of taxing agriculture and began directly subsidizing farmers with the dual goals of
boosting grain production and increasing farmers’ income (Gale et al. 2005).

Agronomists and soil scientists generally recommend a fertilizer ratio of nitrogen to phosphorus to
potassium (N:P:K) of 100:60:40, with nitrogen being the most limiting nutrient (Williams 2005).
Nutrient inputs above this ratio, or applied in excessive quantities, lead to non-point source
pollution to water bodies that contribute to eutrophication and poor water quality. Water quality
and availability are also impacted by excessive water withdrawals, driven in part by inefficiencies in
irrigation and water transport systems. The UN Food and Agriculture Organization considers a
water requirement ratio (the percentage of available water resources used for irrigation) of greater
than 40% to be an indicator of critical water stress (Khan and Hanjra 2009).
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3. China’s Measurement Practices

Technical standards and guidelines

Chapter VIII of the Agriculture Law on the Protection of Agricultural Environment, together with
State Council Decree No. 81 (2003), specify that arable land should be kept well-maintained,
chemical fertilizers, and pesticides and agricultural plastic films should be used rationally. They also
mandate an increase in organic fertilizers and use of advanced techniques in order to protect and
improve soil fertility and prevent pollution, soil erosion, and soil fertility declines. The administrative
departments at or above county level are responsible for monitoring regularly the quality of the land.
In regard to grassland, the law stipulates that the number of animals fed should be kept under
control and introduces a system of rotational grazing to prevent the grassland from degeneration,
encroachment by sand and salinization.

The Water Law of 1988 was China’s first comprehensive law to manage water resources, and is seen
as a direct response to the decrease in irrigated land area and the rise in food prices in the post-
reform era. The decline in irrigated land areas was the result of poor water management, declining
government investment in irrigation infrastructure, and deteriorating water supply systems.
Recognition of the tight linkage between water supplies and agricultural production led to the
sharing of water policy between the Ministry of Water Resources (created after passage of the 1988
Law) and the Ministry of Agriculture in rural areas (Lohmar, Wang et al. 2003).

As for horticulture, the government’s Environmental Quality Evaluation Standard for Greenhouse
Vegetables Production’ specifies the concentration thresholds as well as monitoring and evaluation
methods for parameters related to soil environmental quality, irrigation water quality, and ambient
air quality in soil-based greenhouses. The Farmland Environmental Quality Evaluation Standards
for Edible Agricultural Products™ are similar to those for greenhouse vegetables.

Methodology: data collection, instruments and data quality

Generally, monitoring agricultural statistics based upon environmental outcomes is a joint
responsibility of the Ministry of Agriculture, the National Bureau of Statistics, The Ministry of
Environmental Protection, the Ministry of Water Resources, and the Ministry of Land and
Resources. Important agricultural statistics are published annually in the China Environmental
Statistical Yearbook, the China Rural Statistical Yearbook, the China Agriculture Statistical
Yeatbook, and the Yearbook of China Water Resources.

Agriculture monitoring in China started at a regional level in 1983, and extended to a national level
system in 1998. Currently, three institutions provide country agriculture monitoring:

* Starting in 1999 the Remote Sensing Application Center of the Ministry of Agriculture began
monitoring acreage change, growth, yield and productivity, grassland degradation, and grass-

57 HJ 333-2006, February, 2007
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livestock balance, among other things. Five main crops, including wheat, rice, maize are
monitored every year. The remote sensing data are supplemented by in situ monitoring
investigations, and ground truthing. The in situ investigation included about 3,549 stratified
samples in 2006, and the ground truthing covered 440 counties and 870 plots for winter
wheat.

* In 1998 the Institute of Remote Sensing Analysis from the Chinese Academy of Sciences
began monitoring for crop condition, acreage, yield and production, multi-cropping index,
crop structure and grain supply-demand balance analysis soybean, and cotton production. In
addition, the Crop Watch System” monitors wheat, rice, soybean and maize.

* China Meteorological Agency (CMA), based on agro-meteorological in-situ sites, monitors
crop condition and crop yield. There are 756 Agro-meteorological Observation Stations in
China’s Network, which studies the relationship between weather, climate, crops and
vegetation dynamics, and specialized in crop yield modeling.

Crop-specific information is collected mainly through surveys of standing crops in agricultural
research stations and agro-meteorological stations (methods used by the Ministry of Agriculture and
CMA). The method mainly consists of on-the-spot visual assessment. However, the number of such
stations is limited because of the high cost of maintaining them. Also, spatial variation in physico-
chemical properties of soil and farming practices makes it difficult to extrapolate the data from one
station to represent a larger area; this is where the remote sensing data become necessary (data
available from CAS and Ministry of Agriculture).

Fertilizer and pesticide use data are collected through surveys conducted by the National Bureau of
Statistics. There is no information regarding the representativeness of the country surveys.

In the use of agricultural water, the Ministry of Water Resources collaborates with the Ministry of
Agriculture. In 20006, the Ministry of Water Resources (MWR) launched countrywide measurements
of irrigation water use rates. This work was undertaken in two phases: from July to December of
2000, analysis of provincial and national actual use rate of agricultural irrigation water would be
conducted. From January 2007 to September of 2010, an analytical network of measurement,
tracking and analysis of the change of irrigation water use efficiency was created. An analytical report
of the irrigation water use rate for provinces and the whole country during 2006-2010 was also
completed. There are no available province level data for this indicator.

For soil erosion, the MWR launched the national monitoring network and information system for
soil erosion in 2001. There are two phases of this project. The first phase focused on monitoring
China’s West, including the drainage area of the Changjiang River and 100 stations in 13 provinces
such as Shanxi and Inner Mongolia. The second phase was started in 2009 and will concentrate on
the establishment of monitoring network for Central and East China.

Due to soil degradation, the government has begun to attach importance to soil pollution. In its
Decision of the State Council on Implementing Scientific Outlook on Development and

59 http:/ /www.cropwatch.com.cn/en/index.html
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Strengthening Environmental Protection® and Outline of the 11th Five-Years Plan for National
economic and Social Development, which were both issued by the State Council, soil pollution
related issues are emphasized. In 2006, SEPA and MLR launched the Special Work on Status Survey
and Pollution Prevention of Nationwide Soil, to be completed in 2009.

Grassland monitoring is conducted by the Grassland Monitoring and Supervision Center of the
Ministry of Agriculture. Since 2005, they have published four national reports on grassland
monitoring. In 2000, a technical manual on national grassland monitoring was issued by the
Grassland Monitoring and Supervision Center, and it was amended in 2007. Besides specifications
on surveys of the characteristic of sample land, sample surveys such as herbage, semi-shrub,
livestock and the ecological status of grassland are also include in the manual.

Transparency

The Chinese government measures indicators of agriculture at the provincial level annually.
Agricultural statistics can be found in the China Agriculture Statistical Yearbook, the China
Statistical Yearbook, the China Environmental Statistical Yearbook, and the Annual Statistical
Report on Environment in China. Indicators at the provincial level include: area of cultivated land,
irrigated area with saved water, chemical fertilizer use, diesel oil use, agricultural chemical insecticide
use, effective irrigated area, plastic film use, number of livestock, area of increased cultivated land,
area of reduced cultivated land, area of desertification land and sandy land, area of soil erosion under
control, total area in which it is prohibited to burn straw, quantity of straw generated in those areas,
and rate of straw utilized in those areas.

The China Environmental Statistical Yearbook includes data on desertification and sandy land area
at the provincial level from 2004 to 2007. The China Environmental Statistical Yearbook includes
data on chemical fertilizer and pesticide use for 2004, 2005 and 2007. Based on the Second National
Remote Sensing Investigation on Soil Erosion, some data are available on the land area affected by
soil erosion. In the China Statistical Yearbook, there are data on the number and output of livestock
by province from 1996 to 2007.

Other indicators that would be desirable but which are not available include soil quality and the
percent of irrigation water lost to leakage and evaporation. Although China has begun the
monitoring and measurement work, data are not yet available and such indicators cannot be included
in this indicator framework.

0 issued by State Council, No.39, 2005

102



4.  Summary Indicator Calculations and Results

China EPI Agriculture and Land Management Indicators

Of the available indicators for China, we chose the three found below.

Polic Policy Indicator
L Category Indicators Data Source
Categories Codes
Codes
Pesticide use China Statistical Yearbook,
intensity PESTINT 1 5004-2006 3 ke/ha
Chemical China Statistical Yearbook, 250
. fertilizers use FERTINT
Agriculture . . 1996-2005, 2007 kg/ha
intensity
and Land AGCLTR
Management Reduce
by 34%
. . China Soil Erosion Bulletin during
Soil erosion SELAND 2000 the | 1
five-year
plan

Pesticide use intensity is the amount of pesticide consumed for agriculture per hectare of temporary
and permanent cropland. Fertilizer use intensity is the amount of fertilizer consumed for agriculture
per hectare of temporary and permanent cropland. The soil erosion indicator is calculated as a
percentage of land area affected by soil erosion.

Data Quality and Representativeness

The pesticides included in pesticide use intensity are insecticides, herbicides, fungicides, acaricides,
plant growth regulators, rodenticides, nematocides, molluscacides and fumigants. Of the major types
of pesticides used, the most prevalent in China is insecticide, which counts for 50% of the total use.
The fertilizers included in chemical fertilizers use intensity are the nutrients nitrogen (N), potash
(K,0O), and phosphate (P,O;). No information is available for the use pesticide and fertilizer use
intens