
Chapter 2 National Greenhouse Gas Inventory

Decision 10 of the Second Session of the Conference of the Parties to the Convention specifies the contents of the report to be

submitted by Parties not included in Annex I to the Convention concerning the national greenhouse gas inventories submitted as

part of the initial national communication. In accordance with the requirements of the relevant UNFCCC reporting Guidelines and

the specific conditions in China, China has prepared the 1994 national greenhouse gas inventory covering the estimates of

greenhouse gas emissions from energy, industrial processes, agriculture, land-use change and forestry and waste. The reported

greenhouse gases covers carbon dioxide (CO
2
), methane (CH

4
) and nitrous oxide (N

2
O).

2.1 Scope of the national greenhouse gas inventories

2.1.1 Energy
Greenhouse gas inventory for energy sector include carbon dioxide and nitrous oxide emissions from fossil fuel combustions,

methane emissions from coal mining and post-mining activities, fugitive methane emissions from oil and natural gas system, and

methane emissions from burning biomass fuels.

2.1.2 Industrial processes
In the light of the specific situation of industrial production in China, the key emission sources chosen for reporting in this

inventory include carbon dioxide emissions from the production processes of cement, lime, iron and steel and calcium carbide and

nitrous oxide emissions from adipic acid production. These are the major sources of greenhouse gas emissions from industrial

processes in China.

2.1.3 Agriculture
Greenhouse gas inventory for agriculture mainly includes methane emission from paddy rice field, nitrous oxide emission from

cropland, methane emission from animal enteric fermentation, and methane and nitrous oxide emissions from animal waste

management systems.

2.1.4 Land–use changes and forestry
Greenhouse gas inventory of land-use change and forestry mainly covers changes in forest and other woody biomass stocks,

including the removals of carbon dioxide due to the growth of living trees (forests, open forests, scattered trees and “four-sides

trees” – trees growing in the house side, village side, roadside and waterside), bamboo stands and economic stands, and carbon

dioxide emission caused by biomass loss of forest consumption, and carbon dioxide emission caused by conversions of forestland

to non-forestland.

2.1.5 W aste treatment

Greenhouse gas inventory for the waste sector mainly includes methane emissions from municipal solid waste (MSW) and

domestic and industrial wastewater.

2.2 Methods for preparing the greenhouse gas inventories

In the course of preparing China’s 1994 national greenhouse gas inventories, the inventory agencies basically applied the methods

provided by the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (hereinafter referred to as “IPCC

Guidelines” ) and made reference to the IPCC Good Practice Guidance and Uncertainty Management for National Greenhouse

Gas Inventories (hereinafter referred to as “IPCC Good Practice Guidance”). Based on the actual conditions in China, including

the definition of emission sources, the determination of key sources, the availability, reliability, verifiability and sustainability of

activity data and the availability of emission factors, the inventory agencies analyzed the applicability of the IPCC methods to

China and selected the appropriate approaches for preparing China’s 1994 national greenhouse gas inventories.

2.2.1 Energy
Fossil fuel combustion is the major source of greenhouse gas emissions in China. The inventory agencies simultaneously adopted



the reference approach and sectoral approach based on detailed information on technologies as recommended by the IPCC

Guidelines. The classification of sectors and fuel types are basically the same as the classification in the IPCC Guidelines, in

which the transport sector is defined as the transport of the whole society, somewhat different from the definitions in China’s

national energy statistics; the emission sources in the sector of electric power and heat supply were defined to be the power

generation and heat supply of China’s thermal power utilities while the emissions from auxiliary power plants and other sources

of heat supply were reported in the relevant sectors. The equipments for fossil fuel combustion were composed of power

generating boilers, industrial boilers, industrial kilns, household cooking ovens, farm implements, power-generation internal-

combustion engines, different kinds of aviation vehicles, road transport vehicles, railway transport vehicles and shipping trans-

port vehicles, etc.

In accordance with the availability of emission factors, the inventory agencies, in the course of emission estimates for biomass use

as fuel, simultaneously adopted the reference approach and the sector approach as recommended by the IPCC Guidelines. For

residential use, since emission factors by equipment (firewood-saving stoves and traditional stoves) and by fuel (crop stalks and

firewood) were available and the activity volume of residential  use accounted for over 90% of the entire biomass burning activity,

sector approach based on the detail technology was adopted to estimate methane emissions from biomass burning. For commer-

cial use, due to the lack of relevant emission factors by equipment and the fact that the share of commercial use activity is very

small, reference approach was adopted for the estimates of methane emission from this source.

In the light of China’s specific circumstances and data availability, the IPCC tier 2 method (coal mines average method), and tier

3 method (mine well survey method), were adopted to estimate methane emissions from coal mining and post-mining activities in

China, where tier 3 method was adopted for the emission estimates of key state-owned coal mines.

The inventory agencies adopted IPCC tier 3 method for the estimate of fugitive methane emissions from oil and gas systems,

collected China’s activity data and utilized the default emission factors of the IPCC Guidelines and others as reference. All these

efforts help to improve the reflection of the actual situation in China.

2.2.2 Industrial processes
The preparation of the industrial processes inventories was basically based on the IPCC methodology. Clinker production was

adopted as activity data for the emission estimates of cement production, and the impact of magnesium oxide content in the clinker

on emission factors was considered as well. For lime production, the inventory agency estimated the activity data of lime products

by regions and/or sectors in 1994, and obtained the relevant data for calculating emission factors through investigations into lime

enterprises. For iron and steel production, both emissions from carbonates used as flux such as lime stone, magnesite and dolomite

and emissions due to carbon content reduction in the steel making process were estimated.

2.2.3 Agriculture
Method for estimating methane emission from paddy rice field was based on the IPCC Guidelines. In the light of specific

conditions in China, paddy rice fields were divided into four major categories, namely, double-harvest early rice, double-harvest

late rice, single-harvest rice and winter-flooding fields. Methane emission from winter-flooding fields referred to the emission

from paddy rice fields submerged by water in winter without growing rice. With regard to the double-harvest early rice, double-

harvest late rice and single-harvest rice, the CH
4
MOD method was adopted to calculate emission factors by different types of

paddy rice fields. Direct field measurement was adopted to determine emission factors for the estimation of methane emission

from winter- flooding paddy rice fields.

In estimating the direct emission of nitrous oxide from cropland, the inventory agencies basically followed the IPCC Guidelines

and referred to the IPCC Good Practice Guidance. In the light of the specialities of cropland management in China and the

availability of activity data as well as emission factors, the IPCC method was slightly modified. Firstly, the three-level hierarchy

system was adopted for classifying the croplands of China. Secondly, a statistical method with Monte Carlo technique was

applied to determine the direct emission factors based on field measurements. Thirdly, the regional nitrogen cycle model, namely

IAP-N, was used to estimate direct nitrous oxide emissions from croplands.



With regard to the estimation of indirect emissions of nitrous oxide from cropland caused by runoff and leaching, the inventory

agencies defined the specific rates for the nitrogen loss from various types of cropland and estimated the amount of emissions by

adopting the IPCC methodology and default emission factors.

Emission sources of methane by animals were in conformity with the emission sources defined by the IPCC. Methane emissions

mainly came from the enteric fermentation of ruminants, including dairy cattle, non-dairy cattle, buffalo, goat, sheep, horse,

donkey, mule/ass and camel. At the same time, methane emission from swine, which was the domestic animal raised in the largest

number in China, were also put into consideration. Due to the reason that swine was non-ruminant, the IPCC Guidelines provided

no specific calculation method so far. IPCC tier 1 method was adopted to calculate methane emission from swine. IPCC tier 1

method was also adopted to calculate methane emission from camel. As to methane emissions from other key sources (non-dairy

cattle, dairy cattle, buffalo, goat, and sheep), IPCC tier 2 method was adopted.

The inventories of methane and nitrous oxide emissions from animal manure management systems involved 11 main domestic

animals and poultry (swine, non-dairy cattle, dairy cattle, buffalo, goat, sheep, camel, donkey, mule/ass, horse and chicken).

Among them, emissions from manure management systems for swine, non-dairy cattle, goat, sheep and chicken were the key

sources.

Based on data availability and the importance of the emission sources, methods were determined for calculating methane and

nitrous oxide emissions from animal manure management systems. IPCC tier 2 method was adopted for swine, cattle, goat/sheep,

and chicken. IPCC tier 1 method was used for the other emission sources.

2.2.4 Land-use change and forestry
Carbon dioxide emissions caused by changes in forest and other woody biomass stocks, and the conversion of forest, were

estimated in accordance with the characteristics of activities in the land-use change and forestry in China and the IPCC Guidelines.

This inventory includes estimates of carbon absorbed due to growth increment of forests, open forests, four-side trees and

scattered trees, and carbon emitted due to the consumption of forest. The estimation was based on the data at both national and

provincial levels provided by the national forest resources survey, including data on the amount of standing volume, net annual

increment and net consumption rate of forest, and in combination with data on average wood density, biomass expansion factor

and carbon content. The carbon stock changes of economic forests and bamboo stands were calculated mainly on the basis of

annual area changes, average biomass and carbon content of economic forests and bamboo stands in all provinces.

The forest conversion included the conversion of existing forests to other land uses, such as agriculture, pasture, town sites and

roads. Carbon emissions caused by biomass burning and decomposition of biomass on the ground were estimated according to the

IPCC Guidelines.

2.2.5 W aste treatment

Based on the situation in China, the inventory agency calculated the methane emission from municipal solid waste treatment using

the default methodology of the IPCC Guidelines. To calculate the methane correction factor (MCF), the whole country was

divided into 7 regions according to differences of city scale and regional economic development level. This helps to identify the

differences of waste management modes between each region. To determine the degradable organic carbon (DOC) of municipal

solid waste, the special feature of wide span of climatic regions between the north and south, the large expanse of land in China,

and the difference in the composition of waste due to differences of resident customs in different regions were fully considered.

Based on the national statistics data of chemical oxygen demand (COD) in the wastewater, the inventory agency adopted the

emission factors recommended by the IPCC to estimate the methane emission from treatment of domestic and industrial wastewater.

Meanwhile, estimates based on urban population and per capita wastewater emission were done as recommended by the IPCC

Guidelines and were applied for comparison with the previous estimates.



2.3 The 1994 national greenhouse gas inventories

2.3.1 Summary
In accordance with the requirements of the guidelines for the preparation of national communications by parties not included in

Annex I to the convention, China’s 1994 national greenhouse gas inventories covered the emissions and sinks of carbon dioxide,

methane and nitrous oxide from 5 sectors , namely, energy, industrial processes, agriculture, land-use changes and forestry, and

waste. As shown in Table 2-1, the national total amount of carbon dioxide emissions in 1994 was 3,073 million tons, and carbon

sink from land-use change and forestry was about 407 million tons. After deducting the carbon sink, the net emission of carbon

dioxide in 1994 was 2,666 million tons (about 727 million tons of carbon), and the per capita emission was about 0.6 ton carbon/

year. The total amount of methane emissions in China in 1994 was approximately 34.29 million tons and that of nitrous oxide was

about 0.85 million tons.

Table 2-2 listed the aggregation of greenhouse gas emissions with carbon dioxide equivalent as the unit. By using the global

warming potentials (GWP) in the 100-year horizon given in the IPCC Second Assessment Report, methane and nitrous oxide were

converted into equivalents of carbon dioxide. As a result, the total amount of greenhouse gases in China in 1994 was 3,650 million

tons of carbon dioxide equivalent, of which carbon dioxide, methane, and nitrous oxide accounted for 73.05%, 19.73%, and 7.22%

respectively (Figure 2.1).

In addition, it was estimated that carbon dioxide emission from international bunker fuels (international aviation and international

navigation) in China in 1994 was 10.85 million tons.

Table 2-1 1994 national greenhouse gas inventory of China (Gigagram)

Notes:

*Small differences may exist between the summation of each type and the total due to rounding errors.

**Methane emission source only includes animal wastes management system. Nitrous oxides emission source includes cropland soil, animal wastes management

system and agricultural residue burning in fields.

 Carbon dioxide

2665990

 1. 2795489

2795489

961703

1223022

165567

76559

271709

96929

277980

 -407479

 -431192

 23713

 Not estimated

 Nitrous oxide

 850

 50

50

15

786

 786

 Methane

34287

 9371

2147

7224

124

 7100

 17196

10182

 6147

 N/A

867

7720

7720

Greenhouse Gas Source and Sink Categories

 Total  (Net) National Emission (Gigagram per year)*

 1. All energy

    Fuel combustion

      Energy and transformation industries

      Industry

    Transport

    Commercial-Institutional

      Residential

    Others (building industry & agriculture)

    Biomass burned for energy

    Fugitive Fuel Emission

      Oil and natural gas system

      Coal mining

  2. Industrial processes

  3. Agriculture

      Enteric Fermentation

    Rice cultivation

    Savanna Burnin

    Others**

4. Land-use change and forestry

    Changes in Forest and other woody biomass stock

       Forest and Grassland Conservation

    Abandonment of Managed Lands

5. Others

    Disposal of waste



Table 2-2 1994 greenhouse gas emissions in CO
2 
equivalent

2.3.2 Carbon dioxide
Energy and industrial processes were the major emission sources of carbon

dioxide in China in 1994. Carbon dioxide emissions in China in 1994 were 3,074

million tons, of which 2,795 million tons are emitted from the energy sector and

278 million tons from industrial processes. Land-use change and forestry was

a net sink of carbon dioxide, which absorbed 407 million tons of carbon dioxide

in 1994. The net emissions of carbon dioxide in China in 1994 were 2,666

million tons.

(1) Energy
The energy sector was the most important source of carbon dioxide emis-

sions in China. In 1994, carbon dioxide emissions from the energy sector

were 2,795 million tons, or about 763 million tons of carbon, accounting for

90.95% of the national total carbon dioxide emissions (excluding sinks

from land-use change and forestry). Carbon dioxide emissions from the

energy sector came entirely from fossil fuel combustion, of which industry,

energy and transformation industries, transport, residential and commer-

cial-institutional sectors emitted 1223, 962, 166, 272 and 76 million tons,

accounting for 43.75%, 34.40%, 5.92%, 9.72% and 2.74% in the energy

sector, respectively (Figure 2.2).

Figure 2.2 Carbon dioxide emissions by sources from the

energy sector in China in 1994

(2) Industrial processes
Carbon dioxide emissions in 1994 from cement, lime, iron and steel, and

calcium carbide production were estimated in the industrial processes sector.

In 1994, China produced approximately 420 million tons of cement, about 300 million tons of clinker and about 130 million tons

of lime, which were mainly used in building materials, metallurgy and chemical industry, and about 92.61 million tons of steel and

about 2.81 million tons of calcium carbide (converted at a standard purification of 300 litres acetylene gas per kilogram of calcium

carbide).

In 1994, carbon dioxide emissions from industrial processes in China were about 278 million tons, accounting for 9.05% of the

national total carbon dioxide emissions (excluding the carbon sinks from land-use change and forestry). Carbon dioxide emissions

from industrial processes in 1994 mainly came from cement and lime production, which constituted about 90.42% of carbon

dioxide emissions in this sector (Table 2-3 and Figure 2.3).

Table 2-3 Carbon dioxide emissions from industrial processes in China in 1994

Greenhouse gases

Carbon dioxide

 Methane

 Nitrous oxide

Total

Emission amount  (Gigagram)

2665990

34287

850

G W P

1

 21

 310

Carbon dioxide equivalent (Gigagram)

2665990

720027

 263500

 3649517

Percentage (%)

  73.05

19.73

 7.22

 100.00

Figure 2.1 Breakdown of China’s greenhouse gas

emissions in 1994

Percentage (%)

56.76

33.66

8.16

1.43

100.00

Carbon dioxide (Gigagram)

157775

93560

 22678

3968

277980

Emission sources

Cement

Lime

Iron & steel

Calcium carbide

Total



Figure 2.3 Carbon dioxide emissions by sources from

industrial processes in China in 1994

(3) Land-use changes and forestry
In light of the characteristics in land use and forestry in China, the inven-

tory of the greenhouse gases from land-use changes and forestry mainly

covers carbon dioxide absorbed and emitted by changes in forest and other

woody biomass stocks, and forest and grassland conversion, induced by

anthropogenic activities.

Changes in forest and other woody biomass stocks included the removal of

carbon dioxide by the growth of forests, bamboo, economic forests, open

forests, scattered trees and four-side trees and carbon dioxide emissions

caused by commercial harvest, trees for farmers’ own use, forest disasters,

fuel wood and other consumption of forests.

In 1994, changes in forest and other woody biomass stocks caused by changes of the growth of the standing volume, bamboo and

economic forests, and forest consumption, were net sinks of carbon dioxide, which absorbed 431 million tons of carbon dioxide

(or about 118 million tons of carbon). The growth of stands absorbed 749 million tons of carbon dioxide. The growth of open

forests, scattered trees and four-side trees absorbed 131 million tons, the changes of economic forests absorbed 60 million tons,

and the changes of bamboo absorbed 24 million tons. Carbon dioxide emission caused by consumption of standing volume was

533 million tons.

Carbon dioxide emissions caused by conversions of forests and grassland include those caused by the conversion of forests to un-

forested land. In 1994, carbon dioxide emissions caused by the conversion of forests was 24 million tons.

By combining the above two figures, the 1994 carbon dioxide inventory of land-use changes and forestry sector is shown in Table

2-4.

Table 2-4 1994 greenhouse gas inventory of land-use changes and forestry sector in China

2.3.3 Methane
Methane emissions in China mainly originates from agriculture, energy and waste treatment sectors. In 1994, methane emission

was about 34.29 million tons, of which 17.20 million tons was from agriculture sector, about 9.37 million tons was from energy

sector and about 7.72 million tons from waste treatment sector (Table 2-5). The agriculture sector was the largest source of

methane emissions, accounting for 50.15%, including the emission of 10.18 million tons from the enteric fermentation of ruminants,

6.15 million tons from paddy rice fields and 0.87 million tons from animal manure management systems (Table 2-6). The energy

sector was the second largest contributor, accounting for 27.33%, including the emission of 7.10 million tons from coal mining and

post-mining activities, 2.15 million tons from biomass burning and 0.12 million tons of fugitive emissions from oil and natural gas

systems. Methane emission from waste treatment was about 7.72 million tons, accounting for 22.52% (Figure 2.4).

 Emission source/sink

Changes in forest and other

woody biomass stocks

Conversion of forests

 Total

 Sub-type

Forested land

 Of which, Growth of stands

Consumption of forests

 Economic forests

Bamboo stands

 Open forests, scattered trees & four-sides trees

 Sub-total

  Emission/sink of carbon dioxide (103 tons)

  -300365

 -748742

 532569

-60286

 -23907

 -130827

 -431192

 23713

 -407479



Figure 2.4 Methane emissions by sources in China in

1994

(1) Agriculture
Area of paddy rice field in China accounts for approximately 21% of the

world total. Harvest area of paddy rice fields in China makes up about 25%

of the national total cropland, spreading over 28 provinces, and municipali-

ties directly under the central government and autonomous regions. They

are most concentrated in the plains in the middle and lower reaches of the

Yangtze River, the Chengdu Plain, the Zhujiang River Delta, the hilly area

and the plains in Yunnan, Guizhou and Sichuan provinces as well as in the

coastal areas in Zhejiang and Fujian provinces. In different areas where

paddy rice grows, the climatic and soil conditions are different and there

exists a great discrepancy among regions in factors such as the variety of

paddy rice, the cropping system, the management practice for irrigation,

and the type and application regime of fertilizers. All these factors affect the

estimation of methane emission from paddy rice fields.

China has a large number of animals. In 1994, China had 92.40 million of non-dairy cattles, 3.84 million of dairy cattles, 22.91

million of buffaloes, 123.08 million of goats, 117.45 million of sheep and 414.62 million of swine.

Table 2-6 Methane emissions from agriculture sector in 1994

The total amount of methane emission from paddy rice fields in 1994 was estimated to be 6.15 million tons, of which emissions

from double-harvest early rice fields was 1.988 million tons, accounting for 32.34% of the total; that from double-harvest late rice

fields was 1.171 million tons, accounting for 19.05%; that from single-harvest rice fields was 2.041 million tons, accounting for 33.

21%; and that from winter-flooding paddies during the non-growing period was 0.947 million tons, accounting for 15.4%.

The total amount of methane emission from enteric fermentation in China in 1994 was 10.18 million tons, of which emissions from

non-dairy cattle was the mainstay, accounting for 59.2%; and that from buffaloes came second, accounting for 14.5%. In addition,

though swine were not ruminants, the amount of swine in China was large. Methane emission from swine accounted for 4% of the

total amount of methane emissions from animal enteric fermentation.

Methane emissions from animal manure management systems in 1994 was about 0.87million tons, of which the emission from the

management system of swine manure was the mainstay, accounting for 61%, that from non-dairy cattle manure took second place,

accounting for 18%, that from chicken manure accounted for 6% and that from buffalo and dairy cattles accounted for 4% each.

(2) Energy

Table 2-5 Methane emissions in China in 1994

Type of emission source

Total (I+II+III)

I.   Energy

 Burning of biomass

Oil & gas system

 Coal mining

 II.  Agriculture

 Enteric fermentation

Rice cultivation

 Animal manure management systems

III. W aste treatment

Methane (103 tons)

 34287

 9371

 2147

124

 7100

 17196

10182

6147

867

7720

Percentage (%)

100.00

 27.33

 6.26

0.36

20.71

50.15

29.70

 17.93

 2.53

22.52

Source of emission

 Enteric fermentation

Rice cultivation

Animal manure management systems

Total

 Methane (103 tons )

10182

 6147

867

17196

 Percentage (%)

59.21

35.75

 5.04

100.00



Methane emissions from the energy sector mainly included emissions from coal mining, fugitive emissions from oil and natural gas

system and emissions from the burning of biomass fuels.

In 1994, methane emissions from the energy sector was 9.37 million tons, of which methane emissions from coal mining and post-

mining activities was 7.10 million tons, accounting for 75.76%; that from the burning of biomass fuels was 2.15 million tons,

accounting for 22.91%; and that from the oil and natural gas systems was 0.12 million tons, accounting for 1.32%.

(3) W aste treatment

In 1994, urban non-agricultural population in China was about 176.7 million. They generated 75.64 million tons of municipal solid

waste, and the daily-generated amount of solid waste was about 1.17 kilograms per capita. Total wastewater emissions in 1994

was 41.53 billion tons, in which industrial wastewater emissions was 28.16 billion tons with 16.629 million tons of chemical

oxygen demand; and domestic wastewater emissions was 13.37 billion tons with 6.10 million tons of chemical oxygen demand.

In 1994, methane emissions from waste treatment in China was 7.72 million tons, of which emissions from municipal solid waste

treatment was 2.03 million tons and emissions from wastewater treatment was 5.69 million tons, subdivided by 4.16 million tons

from industrial wastewater treatment and 1.53 million tons from domestic wastewater treatment. Of the total emissions, emis-

sions from industrial wastewater treatment accounted for 53.89% and  emissions from municipal solid waste treatment accounted

for 26.30% (Table 2-7).

Table 2-7 Methane emissions from waste treatment sector in China in 1994

2.3.4 Nitrous oxide
Nitrous oxide emission in China in 1994 mainly originated from agricultural activities. Moreover, there were small amount of

emissions coming from industrial processes and the energy sectors. Nitrous oxide emission in China in 1994 was approximately

850,000 tons, of which emission from agriculture was about 786,000 tons, that from industrial processes was about 15,000 tons

and that from the energy sector was about 50,000 tons. Emissions from agriculture approximately accounted for 92.43% while

that from industrial processes and energy accounted for 1.75 % and 5.82% respectively (Table 2-8).

Table 2-8 Nitrous oxide emissions in China in 1994

(1) Agriculture
Nitrous oxide emissions from agriculture in China in 1994 was estimated to be 786,000 tons, of which emissions directly from

cropland accounted for about 60.30%, those indirectly from cropland about 19.53%, those from grazing about 14.03%, those

from animal manure management systems (excluding grazing and burning of manure) 5.56%, those from directly burning crop

residues in fields 0.46%, and those from burning of animal wastes about 0.10%, respectively (Table 2-9).

Emission source

Total

Energy

Industrial processes

Agriculture

 Methane (103 tons )

850

50

15

786

 Percentage (%)

100

5.82

1.75

92.43

Emission source

 Treatment of municipal solid waste

Treatment of industrial wastewate

Treatment of domestic sewager

Total

 Methane (103 tons )

2030

4160

1530

7720

 Percentage (%)

26.30

53.89

19.82

100.00



Table 2-9 Nitrous oxide emissions from agriculture sector in China in 1994

Notes:

* Nitrous oxide generated by atmospheric sedimentation was incorporated into farmland direct estimation;

**Excluding nitrous oxide emission from grazing or burning of manure;

The application of synthetic nitrogen fertilisers was the most important source of direct emission  of nitrous oxide from

croplands. In 1994, 57.8% of direct emission of nitrous oxide from croplands in China originated from the application of synthetic

nitrogen fertilisers, 22.9% from the application of organic manure, 7.9% from the biological nitrogen fixation in agriculture, and 5.

1% and 5.8%, respectively, from the direct incorporation of crop residues into soils and the atmospheric deposition of nitrogen

caused by application of fertilizers.

(2) Industrial processes
In the 1994 national greenhouse gas inventory, nitrous oxide emissions from adipic acid production was estimated. In 1994, China

had a total of five enterprises producing adipic acid and the total output from them was about 57 thousand tons. The estimated

amount of emission of nitrous oxide from adipic acid production in China in 1994 was about 14.8 thousand tons.

(3) Energy
Nitrous oxide emissions from the energy sector came mainly from thermal power generation.  The amount of emission in 1994 was

about 50 thousand tons.

2.4 Uncertainties

2.4.1 Major efforts to minimize uncertainties
The inventory agencies have made great efforts to reduce the uncertainties in the estimation of greenhouse gases inventories,

especially in the area of data and methodology.

With regard to data, the emphasis was placed on ensuring the accuracy of the data used. The most important measure is to use

official statistical data as much as possible. In the course of preparing the inventory, the inventory agencies work closely with the

State Statistical Bureau, industrial associations and relevant professional institutions to ensure obtaining authentic and reliable

official data. Under the circumstances of non-availability of official data, in order to guarantee the quality of the estimation in the

inventory, a large amount of sample surveys and measurements were conducted, for instance, survey on industrial boilers, coal

quality analysis, survey on methane emission from coal mines, survey on cement enterprises, survey on lime enterprises, survey

on adipic acid producing enterprises, cement clinker sample measurement, experimental measurement on calcification of using

lime, measurement of methane emission from rice fields, etc.

With regard to methodology, the inventory agencies persisted in following the method of the IPCC Guidelines modified in some

areas to cope with specific situations in China, which guaranteed the comparability, transparency and consistency of the

estimations in the inventory. In selecting the estimation approaches for preparing the inventory, the inventory agencies held many

methodology seminars to solicit opinions extensively and listened to arguments fully so as to ensure that the methodology used

for preparing the inventory was scientific, feasible and effective. When conditions permit, higher tiers methods were selected as

far as possible.

2.4.2 Uncertainties existed in this inventory

Emission source

Direct emission from cropland

Indirect emission from cropland*

Grazing

Burning of manure

Animal manure management systems**

Field residue burning

Total

Percentage (%)

 60.30

19.53

14.03

 0.10

 5.56

 0.46

100.00

Nitrous oxide emission (103 tons)

474

154

110

 1

44

 4

 786



In spite of the fact that the inventory agencies have made improvements in preparing the 1994 national greenhouse gas inventory

in areas such as the scope and the quality of the inventory and the methods used developing the inventory, there still exist large

uncertainties. The main reasons are:

First, China as a developing country is rather weak in terms of basic statistical data, particularly there are a lot of difficulties

related to the availability of activity data in relation to the estimation of greenhouse gas emissions. Part of the index on the activity

data has not yet been included in the statistical system.

Second, in the course of preparing the greenhouse gas inventory covering energy, industrial processes, agriculture, land-use change

and forestry and waste management sectors, methods such as sample survey and on-site observation and measurement have been

used to obtain information necessary for preparing the inventory. Owing to constraints such as funds and time, there are

inadequacies in time-length for observation and measurement and in the  representativeness of observation points and sample

points. Due to lack of the country-specific emission factors, default emission factors provided by the IPCC guidelines have been

adopted for some source categories. This has led to uncertainties to some extent for the estimation.

The inventory agencies used the method of quality assessment and uncertainty analysis provided by the IPCC Good Practice

Guidance, and carried out preliminary analysis on the quality of the relevant data involved in the inventory preparation. Major

uncertainties in each sector were analysed in the following paragraphs.

Energy:  Because existing statistical materials and data could not meet the needs for preparing the inventory, part of the activity

data could only be obtained by adopting the methods of investigation and experts’ judgment. For example, activity data by device

in some important industries such as building material and metallurgy was based on experts judgment; owing to the lack of the

measured data on emission factors from coal combustion by sector and by device, the relevant potential emission factors and

oxidation rates could only be determined through case studies, questionnaires and partial supplementary measurements; due to

the lack of detailed measurement data, methane emissions under different circumstances from different types of biomass stoves

could only be estimated by using the same emission factors.  All those would affect the accuracy of energy inventory.

Industrial processes:  The uncertainties in the emission estimates of cement production mainly came from statistical errors on the

output of clinker, errors in the estimation of flue ash loss of cement kilns and errors in measuring the content of calcium oxide and

magnesium oxide in the clinker. The uncertainties in the emission estimates of lime production mainly came from errors in the

estimation of activity data, including possible incompleteness in the scope covered by the statistics on the production of lime

used as building materials and  statistical errors in the production of lime used in metallurgical and chemical industries. The

uncertainties in the emission estimates of iron and steel production mainly came from  statistical errors in limestone use, errors in

the chemical detection of calcium carbonate content in limestone, the effect of water content in limestone, and errors in measuring

content of carbon in pig iron and steel products. Uncertainties in the emission estimates of calcium carbide production came

mainly from errors in measuring the purity of calcium carbide and limestone. Uncertainties in emission estimates of adipic acid

production came mainly from enterprise-level statistic errors in adipic acid production, errors in measuring the gas concentration

of nitrous oxide in the industrial tail gas and the errors in the measurement of the nitrous oxide emission control facilities.

Agriculture:  The reason for the uncertainties in the estimation of methane emission from rice fields was mainly because of the

shortcomings of the model adopted. The model does not possess the function for calculating emission factors for winter-flooding

paddies during non-growing period. The effects of precipitation during non-rice period soil characteristic and applications of

organic manure and nitrogen fertilisers, which affected emission factors were not taken into account either. The reasons for the

uncertainties in the estimation of the direct emission of nitrous oxide from croplands were mainly because the existing observa-

tions were poor in representing different climatic regions, different types of croplands and different practices of field management,

and also the time span for observing individual direct emission factor was not long enough. In addition, because of the lack of actual

observation data on the indirect emission of nitrous oxide from croplands, the default emission factors and other default param-

eters provided by the IPCC guidelines were adopted. In regard to the estimation of methane emission from enteric fermentation,

and methane and nitrous oxide emissions from animal manure management systems, the uncertainties were mainly attributed to

two aspects, that is, the investigation data used for estimating the emissions could not yet reflect the actual circumstances, and the



lack of observation data on emission factors. For example, only methane emissions from non-dairy cattle was based on continu-

ously measured emission factors, while there was no data of emission factors based on continuous observation for the other key

emission sources, which will involve great uncertainties.

Land-use change and forestry:  The uncertainties of the estimates of this sector mainly came from the following aspects: there

was a great discrepancy in the growth rate of different tree species, different types of forests as well as that of open forests,

scattered trees and four-side trees. As the national forest resources survey did not provide data on the growth rate of different tree

species and different forest types except the growth rate of the standing volume, there was no way to calculate the emissions by

different types. Owing to the lack of data on the annual increase of biomass per unit area of bamboo and economic forests, changes

in the area and biomass storage per unit were used for calculation. This would give rise to certain uncertainties. The biomass

expansion factors applied might lead to considerable uncertainties. Due to the lack of relevant domestic parameters, IPCC default

emission factors were applied, which may cause some uncertainties. Owing to the lack of data, carbon dioxide emissions from

forests conversion could not be calculated by province, tree specie or forest type. National average values were adopted for both

the activity data and emission factors. This also caused some uncertainties.

W aste treatment:  The uncertainties contained in the inventory of the municipal solid waste were mainly caused by the parameters

of the proportion of degradable organic carbon and the proportion of methane in gas released from landfills recommended in IPCC

Good Practice Guidance. The uncertainties contained in the inventory of the emission from wastewater treatment were mainly

from the lack of measured values of degradable organic carbon contained in organic waste of domestic sewage and industrial

wastewater.

2.5 Main factors affecting future emissions

2.5.1 Population growth and urbanization

 



 

 

 


