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Preface

The following paper is a slightly revised version of a study prepared during the summer
of 1989 in response to a request from the - Enquete-Kommission des 11 . Deutschen
Bundestages "Vorsorge zum Schutz der Erdatmosphäre" . * It addresses both conceptual
and practical features of a verification system appropriate to satisfy eventual require-
ments of an international convention to control emissions of greenhouse gases . Due to
the complexity of the "problematique, stemming from the interfaces between technolo-
gy, society and international relations, the study must be seen as preliminary . This
notwithstanding, we consider a limited distribution necessary to promote interactions
with scholars working in the field.

* In course of publication (in german) by: Deutscher Bundestag (Hrsg.), Internationale
Konvention zum Schutz der Erdatmosphäre, Economia Verlag, Bonn 1990 . (The publi-
cation contains all studies prepared for the Study Commission of the IIth German
Bundestag "Preventive Measures to Protect the Earth's Atmosphere") .



Abstract

Countries participating in a climate convention will have to commit themselves not to
exceed a predetermined level of anthropogenic greenhouse gases (GHG) emissions . Such
a convention will probably include international verification measures to survey the
observance of the contractual obligations (verification of compliance) .

A two-sided structure should be used to implement verification : A national authority in
the member states should be established and entrusted with the task of determining the
country's anthropogenic GHG emissions and of declaring them to an international or-
ganization. This organization should bear responsibility for verifying each party's com-
pliance with the emissions' limits laid down in the convention (protocols) .

Verification concepts derived from arms control, in particular those of the Non-
Proliferation Treaty (NPT), are not suitable models for the verification of GHG emis-
sions. This is largely due to the poor verification suitability of important emissions
sectors . Therefore, the proposal is to develop a verification system based upon an ap-
proach whose main components are the national declarations ofGHG emissions and the

assessment of their plausibility in an international verification organization . Because the

proposed verification system largely dispenses with inspections and controls through
measuring techniques and devices, it can be seen as a confidence building instrument.

The core elements of the verification system are as follows :

"

	

Calculation and declaration of energy consumption and the associated CO2 emis-

sions by the national authorities and verification of these declaration by the inter-

national authority by means of audit and other methods verifying the plausibility

and reliability of the data.

"

	

Use of space-based (and other) global remote sensing systems to monitor forests,

deforestation and, if possible, infrastructural and land-use activities by member

states in order to verify agreed commitments concerning forest protection,

reforestation etc. .

Studies, audits and procedural verification in the sectors where emissions cannot be

either precisely calculated or monitored by means of remote sensing (parts of the

energy sectors, agriculture, waste disposal sites) .



In comparison with the verification standards of arms control these surveillance meas-
ures for GHG emissions do not fulfil the strict quantification criteria of most extant
verification systems because, first, the international organization is not in a position to
collect its own data and other original information for most of the emitting sectors and,
second, the probability to reveal a minor violation ofthe treaty is rather low.
However, this weakness in the verification system (the low verification density) can be
relativized. The relevance of treaty violations must always be assessed with a view to
their effect on the goal of the treaty . Therefore, for example, with global CO2 emissions
from the energy sector in the order of approx. 6 Gt C/a, a few million tonnes of "con-
cealed" CO2. emissions would not be of significance .

In establishing a verification system, the policy makers must always weigh up the en-
visaged verification density on the one hand against national, and above all interna-
tional, acceptance of a dense verification system on the other . It must also be kept in
mind that any verification only applies to those states which have acceded to a conven-
tion whereas non-participating states often enjoy the advantage of not being affected by
the material provisions of a convention (e.g . the reduction goals of GHG) or by its
verification regulations . For this reason, universality of membership must be an essential
goal of this policy and should be achieved by both positive and negative incentives .
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Preliminary Remarks

The aim of our study is to make initial proposals for the design of a verification system
appropriate for an international convention on anthropogenic emissions of greenhouse
gases . 1

Such a task is almost completely new . Our considerations cannot therefore be conclusive
and completely rounded off, but rather open up a broad field of work for more extensive
studies .

Central problems we had to face for working out the proposals were the lack of direc-
tives with respect to :
i) the extent of the obligations assumed by a nation party to such convention concerning
declaration of intents ( e . g . reduction targets) and
ii) the stringency of the verification (i. e . the verification 'density') . In principle, those
directives should be given before the task of designing the verification system is initiated.

Since the elements of the logical sequence: obligation of declaration - verification density
to work out an adequate verification system were not predetermined, we had to bridge
the existing gaps ourselves . Our basic assumptions with respect to the material and
formal elements of an international climate convention are the following : general obli-
gation of the contracting nations to declare their intents (emissions' reduction, freeze,
limited increase) ; based upon this, agreement on special arrangements for individual
greenhouse gases (protocols) ; each party's free choice of ways and means to attain the
declared targets .

1. Theoretical Aspects and Study Methodology

We define verification as _the international control of the observance of contractually

established measures and behaviours by means of tools and procedures agreed upon in

an instrument of international law (verification of "compliance') .2 States may be both
the subject or the implementer of verification activities, i . e . they are under surveillance

and carry out also same activities in other countries .

The verification of compliance can, however, also be carried out by an International

Organization (see Section 2) . Verification activities are no police activities : they do not

serve to enforce an international agreement in a particular state. In the same way as the

prevention of treaty violation, this is the task of national institutions . Verification is a



subsequent monitoring of compliance with a contract on the part of states, it discovers

infringements after the event (ex post facto) and communicates this to the international

community of nations which must then decide on measures to be taken (sanctions) .

The demand for a verification of international agreements, the verification requirement,

does not necessarily result from the subject of the regulations itself. This demand is de-

rived from the structures and processes of international politics, which - in spite of ob-
jective constraints and a growing readiness to undertake international cooperation - is

still characterized by a lack of information about the intentions of other states, by mu-

tual mistrust, opposing interests and the possibility of gaining advantage by bypassing
or infringing international agreements.3

According to prevailing understanding the establishment of a "climate regime" would
result from cooperative, trustful action between states wishing to counteract the threat

of the greenhouse effect . This identical goal and the unilateral commitment on the part
ofthe states under international law involved in a climate convention might suggest that
verification activities would not be necessary. This position of a "confidence bonus" to-
wards the contracting parties must be contrasted with the following points :

"

	

In general it is true that (international) environmental policy has attained a greater
priority on the value scale ofnational politics and that environmental problems may
have increasing implications for international security. This is becoming increasingly
apparent in the problems of the greenhouse effect .4 At the same time, international
treaties on security-relevant fields (arms control) are subjected to ever stricter ver-
ification demands which, over and above the application of "National Technical
Means" (NTM), also require the application of cooperative verification instruments
and procedures . It is therefore not implausible to assume that the interlinkage of
environment and security will also involve measures for the verification of interna-
tional environmental agreements.s

"

	

States which regard themselves as potential (absolute or relative) "winners" from the
greenhouse effect or will be greatly affected by the necessary emission reductions,
that is to say would suffer greatly from the costs of an implementation of climate
strategies, could be coerced into acceding to the convention . Their interest in by-
passing the agreed measures cannot therefore be ruled out . This may also be the case
if some states faithful to the agreements reduce their emissions and thus also im-
prove the environmental situation for those states who do not follow the provisions
of the convention (a so-called "free-rider" situation) .



"

	

Those states contributing - for example through "debt for nature swaps" - to reduce
the debt burden of "Third World" countries could press for a verification of under-
takings to protect forests etc. .

"

	

Finally, the chances of forming an international regime are improved in general if
instruments of verification are available and agreed upon.6

We therefore assume that there is a need for verification in the case of such a compre-
hensive and intrusive international package, as would have to be agreed in a greenhouse
gas convention .

However, the question of the intensity of verification (verification density) which is re-
garded as necessary has not yet been answered. The verification density arises from the
political relevance of the sector under consideration, the degree of mistrust about the

readiness of states to observe contractual obligations, furthermore, from the level of in-

formation of those involved with respect to the ability of the contracting partners to
implement contractual goals and the status achieved . The verification density aimed at

is therefore the product of the political problem perception and definition process . It

may range from an "appropriate verification", which only covers substantial treaty in-

fringements over a predefined period oftime, up to a "strict, absolute verification", where

each contracting partner has to demonstrate compliance with the treaty under the per-

manent assumption that he intends to infringe the provisions . The demands made on the

verification instruments and procedures correspondingly differ in their severity .

With the task given to us no directives were forwarded with respect to the verification

density necessary to provide guidelines for the verification concept. Either of two

methodological approaches can be selected in drawing up such a concept :

"

	

A verification concept is drawn up on the basis of a postulated verification density.

This procedure can be described as a top-down approach.

The verification concept and density are oriented by the possibility of verification

(bottom-up approach) . It is determined on the one hand by the technical verifica-

tion capability, i.e . the measuring, observation and monitoring procedures etc ., as

well as by the verification suitability of the object under consideration.

Theoretical verification considerations must be observed in making a decision in favour

of one of the two approaches .



The verification suitability, verification capability and verification density interact in a

verification system . The verification suitability denotes the structures and properties of

the system to be subjected to surveillance (verification) : These may make verification

either easier or more difficult, in the case of complex systems they may even prevent

verification . The verification suitability of a system is predefined and can only be altered,

if at all, with a considerable expenditure oftime and money. In the case of a greenhouse

gas emission system it is determined, amongst other factors, by the number, accessibility

and (im)mobility of the emission sources . Verification suitability must always be defined

in relation to the verification procedures . An object to be controlled may display poor

suitability with respect to one approach, and on the other hand good suitability with

respect to another. The verification capability depends, on the one hand, on the quality

of the procedures used, which must make use of specific and precise methods and

standards . Furthermore it also depends on the number, degree of maturity of the in-
struments, the quality of information evaluation, the abilities of the personnel etc. The

verification capability may be increased by technical, staff and organizational improve-

ments, but also by more extensive access to the object under control. Nevertheless, ob-
jective (technical limits of measuring and observation systems) and social limitations
(costs, acceptance, legal limits) must be taken into consideration when expanding ver-
ification capability. As already mentioned, the verification density is derived from per-
ceptions of the relevance of an object, the political systems (international relations) and
the degree of international mistrust, as well as the need for information . Verification
density and (up to the objective performance limits) verification capability can therefore
be altered by political demands, whereas the verification suitability of a system is pre-
defmed, at least in the short and medium term.

The two alternative ways of determining verification density can be characterized as
follows :

"

	

In the top-down approach a verification density is predefined . With a given verifi-
cation suitability, the verification capability must be built up in such a way that it
can cope with verification requirements . However, this may come into conflict with
technical and systemic boundary conditions so that the required verification density
and the capability are not completely congruent . The "possibilities of verification
success' may then be regarded rather sceptically.

"

	

In the bottom-up approach, the verification capability is analysed on the basis ofthe
verification suitability in order to design a verification system that provides indi-
cations of a verification density capable of being realized in practice .



The following discussion is based on the second approach . It was selected since this
approach enables a technically and procedurally practicable verification system to be
developed . In developing our verification proposals we have been at pains to include the
acceptance of a surveillance system in our considerations, to estimate the costs (as far
as possible), and to represent and assess verification alternatives . Our methodological
procedure does not restrict the political freedom to make requirements insofar as a
higher (lower) verification density can be strived for at any time . Whereas the imple-
mentation of a less strict verification should not be problematic, in the case of demands
for a greater verification density:

"

	

either the costs which would have to be expended to fulfil this greater verification

need (by extending the verification instruments, procedures etc.) could be deter-
mined

"

	

or the lower limit of the verification capability could be determined below which it
would not be possible to maintain a greenhouse gas treaty since verification of

"compliance" would no longer be regarded as possible.

In assigning the tasks to our working group the question arose of the applicability ofthe

"Non-Proliferation Treaty" (NPT) "safeguards' $ for monitoring greenhouse gas emis-

sions . If one were to take the experience gained from these "safeguards" (and in partic-

ular from controls on the flow of fissionable material)9 and to a certain extent the ver-

ification proposals in a chemical weapons conventionlo as a starting point for drafting

a greenhouse gas verification system then the following structure would be conceivable .

The emissions of greenhouse gases are measured and balanced at the emitters, a material

balance is drawn up for each country and declared by a national surveillance authority .

These data . are verified by an international safeguards organizations s by means of its

own measurements . If the two values are in agreement then verification has been suc-

cessful. If a difference, which cannot be explained, arises (Material Unaccounted For,

MUF), then a treaty violation is assumed. As will be shown in the following sections,

such a verification procedure is not suitable for greenhouse gases. This is due to several

reasons :

"

	

the poor verification suitability of significant emission sectors (see Section 3.1) ;

"

	

the lack of suitable measuring systems for the continuous determination of areal

emissions ; this in sharp contrast with the nuclear field where relatively small quan-

tities of nuclear material have to be "safeguarded" ;12



"

	

the enormous measuring efforts required to cover even just part of the stationary

sources, the associated costs and distortions of the cost structures of the energy in-

dustry, the bureaucratic load, the flood of information, the efforts for data process

ing and aggregation ; furthermore, at least for the determination of CO2 emissions,

suitable calculation methods are available for the commercial energy sector ;

"

	

the discrepancy between the possible precision of measurements of stationary
sources (deviation in the order of a few percent) and the considerably less precise
assessment of emissions from areal emission sectors which cannot be covered by
measuring systems (e.g . deforestation, agriculture) ;

"

	

the national and international acceptance of a verification system would probably
decline with increasing verification density ; there is also a danger that the costs as-
sociated with a dense verification system would lead to a misallocation of capital
resources in short supply which are really needed for abatement or adaptation
strategies ;

"

	

moreover, the high costs and time expenditure involved in developing nationally
justiciable measuring instruments for emission balancing capable of finding an
international consensus should not be overlooked .

Neither the verification system ofthe NPT nor those (in some respects similar) suggested
for a Chemical Weapons Treaty can therefore be used as a model for a verification of
greenhouse gas emissions .

2 . The Organizational Structure of a Verification System

Verification activities may be carried out by individual states or by an International
Organization . 13 The decision for national or international verification is influenced by
the number of contracting states and the subject of the treaty. If a treaty is concluded
on a bilateral level then intergovernmental verification is to be expected as a rule, but
not the intervention of an International Organization. The American-Soviet Strategic
Arms Limitation Treaty (SALT, START) and the agreement on the scrapping of Inter-
mediate- Range Nuclear Forces (INF) include bilateral verification agreements . Multi-
lateral agreements may also make use of a reciprocal surveillance system. Thus for ex-
ample local inspections by national representatives are envisaged in the multilateral arms
control agreements within the framework of the Vienna negotiations . However, multi-
lateral agreements of considerable security relevance, such as the NPT and the planned



Chemical Weapons Convention, make use of an international safeguards organization .
In this case, verification is no longer carried out by national representatives but by the
staff' of international organizations . This procedure has not yet been applied for inter-
national agreements on environmental and resource protection . Nevertheless, in some

of these agreements there are initial approaches, modest in comparison with the chal-

lenge outlined here, for international verification. At best, reports about contractual

compliance are drawn up and discussed, and secretariats collect information which can

then be critically analysed . 14 For the reasons already mentioned, a greenhouse gas

convention could take recourse to more substantial surveillance exercised by an inter-

national verification organization . If such an organization were to be established, then

after the International Atomic Energy Agency (IAEA) and the (planned) Chemical

Weapons Control Organization, it would be a further international verification organ-

ization operating worldwide . i s The establishment of such an organization would give an

important signal since the community of nations would then for the first time grant en-

vironmental policy a status equal to that of security policy . The member states should

create a national surveillance authority as a partner for such an International Organ-

ization in implementing verification . This reflects the structure of the international sys-

tem: international organizations cannot carry out their activities in the member states

without information and cooperation from the national authorities . A national authority

would have to carry out important tasks in the process of verifying a greenhouse gas

convention. It would bear official responsibility for the declaration of national emissions

or other convention- relevant activities by the country, and would acquire or aggregate

for that purpose all data arising at the data sources (emitters, emission sectors), or oth-

erwise obtained. Furthermore, it would be the liaison office for the International Or-

ganization in verification-relevant questions affecting a country or the community of

nations .

Relations between the respective national authority and important emitters (data

sources) are of a different nature in free market and planned economies . In free market

economies the national authority must collect data from independent legal subjects (for

example power station operators) ; furthermore, in federative countries the federal states

with their competences are incorporated as an intermediate stage. In planned economies,

this data acquisition is a process of internal information transfer (for example within

individual ministries). To this extent, a national authority could make use of existing le-

gal and administrative structures . However, the industrialized free market economies al-

so have at their disposal a functioning structure of data collection and processing (trade

inspection office, regional and national statistical offices) which could be essential sup-

port organizations or information providers for an authority . The administrative struc-



ture of a country is neither a factor which per se influences the efficiency of a national

authority and the content of its declarations, nor need it restrict verification opportu-

nities by an International Organization. This has been demonstrated by experience with

IAEA "safeguards", which - irrespective of state structures - function quite well .

The tasks of the international surveillance organization consist in collecting national

declarations, working out verification concepts in cooperation with the national au-

thorities and also - based on this - drawing up "Implementation Reports" . The latter

provide information about the observance of the treaty on the part of individual states.

In order to carry out its tasks, the International Organization must be in the position

to make an independent assessment of the declarations it receives . The "internal struc-

ture" of a country must not influence the implementation of verification activities . The

International Organization must always attempt to verify the accuracy of the declara-

tions (and the data on which they are based) irrespective of the internal legal status

(governmental, private or a mixed form) of a data source (i.e . the emitters) . Moreover,

the intensity with which a national authority attempts to implement the convention in

its own country must not be of significance for the verification activities of the Interna-

tional Organization. This equal treatment of all states is necessary for political reasons .

For verification purposes, the International Organization is entitled to request all nec-
essary information from the national authority . This includes raw data sets and, in co-
operation with the national authority, if necessary access to the data sources and verifi-

cation of the data provided by them. A detailed, speck separation of necessary from
superfluous information for each state, in the same way as regulations for the protection
of sensitive operating information and possible access rights of inspectors, can only be
established during the implementation of the verification regime . In this context, the
regulations for the various greenhouse gases will be of different types . It must, however,
be remembered that the general basis for verification must be regulated in the same
manner for all states in a framework agreement. INFCIRC/153 is an appropriate ex-
ample. Conversion of the framework agreement into specific verification activities in the
individual countries must be agreed upon between the respective national authority and
the International Organization, taking into consideration the specific situation of the
verification object or the verification area. The "Facility Attachments" on the basis of
INFCIRC/153 may serve here as a general example . Such facility attachments are too
comprehensive, detailed and specific to be laid down in a framework agreement . In the
case of a climate convention, the detailed regulation of the concrete verification meas-
ures will require a lengthy period of work which will only take its starting point from a
framework agreement on verification .



data
source

Any contractually agreed reduction in greenhouse gas emissions, in the same way as the
readiness to subject oneself to verification, represents a politically motivated limitation
of national sovereignty . The extent is to be laid down in the convention by mutual con-
sent (settlement of "convention-specific sovereignty questions') . In this respect, as a
voluntary concession restricting sovereignty, verification involves no contradiction to
national sovereignty . Nevertheless, problems may arise in the process of implementing
the verification system affecting aspects of national sovereignty which are not regulated
in detail in the framework agreement ("verification-specific sovereignty questions') . For
example, the precise determination of access rights for inspectors in connection with
classified information ; the selection of inspectors according to national allocation for-
mulae, the employment and possibility of rejecting inspectors by a national authority;
the distribution of inspection activities between the nations and the financing of verifi-
cation measures . Once the political decision for verification has been taken by the con-
clusion of a framework agreement, it should be possible to solve such verification-

specific sovereignty problems, in a dialogue between national authorities and the

International Organization .

The following figure gives a summary of the declaration and verification path of a cli-

mate convention:

declaration path

Although the NPT and the Chemical Weapons Convention cannot be regarded as

models with respect to verification instruments and measuring techniques, nevertheless

the safeguards agreements of the NPT and the IAEA could exercise a certain model

function in an organizational aspect . INFCIRC/153 envisages the establishment of a



national safeguards system for the member states, which also supports the International

Organization (IAEA) in implementing its tasks . 16 The organizational structure of the

IAEA is a model which must be critically analysed for an international greenhouse gas

surveillance organization .17

The Federal Republic has dispensed with a national authority for monitoring the nuclear

sector in favour of an authority of the European Community (EC) which (in parallel to

the IAEA) exercises verification activities in the member states on the basis of the

Euratom treaty. The decision for or against an EC authority, thus rendering national

authorities superfluous, will be influenced by whether each EC state intends to incorpo-
rate national emission goals in the climate convention or whether the Community alone
will take over Western European targets which will then be distributed internally . How-
ever, even with national goals, the EC Commission, as in the regulation of
chlorofluorocarbons (CFCs), could take on a strong position in the internal realization
of the greenhouse gas convention and represent the Community at the International
Organization. In view of progressing EC integration, the relation between the EC level
and the national authority should be given detailed consideration . In this context it
must be remembered that the Commission is considering employing EC environmental
inspectors, in cooperation with the national authorities, in order to ensure application
of environmental regulations in the member countries . 18 Such inspectors could also
promote the EC-internal application of a greenhouse gas convention.

3. Considerations on the Verification of Greenhouse Gases

In this central section of our study, we shall first give reasons in Section 3 .1 . why
measuring techniques are at most in exceptional cases suitable for the verification of a
greenhouse gas convention. Section 3.2 concerns itself with the central greenhouse gas,
Co

2'
released by the commercial energy sector. In Section 3.3 the practicability of sat-

ellite remote sensing will be examined as an instrument for monitoring certain areal
emission sectors, while Section 3.4 presents surveillance possibilities for emission sectors
which cannot be covered by satellites or emission calculations. The subsequent Section
3 .5 deals with the special case of CFCs.

3.1 . The Application of Measuring Techniques to Monitor Greenhouse Gases

Some basic remarks on the verification suitability of the emission sectors are needed
before beginning our discussion of an application of measuring techniques to verify

1 0



anthropogenic greenhouse gas emissions . These remarks supplement the theoretical dis-
cussion in Section 1 .

Emissions of anthropogenic greenhouse gases take place in an open system with the at-
mosphere taking on the function of a dump.19 These emissions are the byproducts of
many and varied anthropogenic activities in numerous fields (sectors) . The emission
sources are very varied . Some of them which are stationary and emit large quantities of
greenhouse gases are easy to identify and basically suited for direct quantifiable moni-
toring (coal-fired power stations, large industrial emitters) . Other sources, however, are
stationary but small, numerous and their emissions are not continuous but intermittent
(domestic hearths, open fires for biomass burning) . There are also mobile, generally

small and very numerous sources (motor vehicles, cattle), whose emission behaviour is

similarly intermittent . Finally, we are also faced with diffuse anthropogenic sources . In

this case the surface area is of central significance since the emissions result from the

addition of microscopically small processes (e.g . anaerobic fermentation in wet paddy

fields or at refuse dumps) or from a destruction of vegetation (forest clearance by burn-

ing).

The poor verification suitability of the overall system of anthropogenic emissions results

from this more or less pronounced openness of the emission sectors. The large numbers,

the mobility, the large areas involved or else the small size of the emitters or the slight

emission per unit time (anaerobic processes) generally do not permit the application of

measuring systems to determine and balance the greenhouse gas emissions . Either, in the

case of point sources, the efforts would be enormously great due to the large number

of emitters, or else there is a lack of suitable methods for determining greenhouse gases

rising from surfaces . The overall properties of the entire system are essentially little

changed even if some subsystems such as the power station sector and CFC manufacture

display relatively favourable verification suitability for measurements . These two sectors

together only account for less than 25 % ofthe warming attributed to all anthropogenic

greenhouse gas emissions .

In comparison to the greenhouse gas emission sectors, the nuclear sector displays a very

high verification suitability since it represents a closed system subjected to safeguards

via the stages of uranium enrichment, fabrication of fuel elements and their application

in the reactor, reprocessing or final storage.

In attempting to explore the possibilities of employing measuring techniques to detect

greenhouse gases, one discovers a well developed field of work which is being contin-

uously extended and refined : scientific and industrial measuring techniques .



In general, a differentiation must be made between the measurement of atmospheric

concentrations and measurement at an emission source . The atmospheric concentration

of greenhouse gases is generally determined as a matter of scientific interest by evaluat-

ing representative samples taken from the air above the continents and oceans at various

heights. However, continuous measurements are also undertaken from fixed sites : a

well-known example is Mauna Loa (Hawaii), where the C02 concentrations of the at-

mosphere have been determined since 1958 .

In all these cases, the substance sought after can be determined very accurately from the
sample by physical or physico-chemical methods . Of the physical methods, non-
dispersive photometry is most widely used . In the case of CO2 it is specific and sensitive
in the infrared range : the continuous CO2 concentration measurements carried out by
this method have a precision ofunder 0.1% . Gas chromatography, which can be coupled
with mass spectrometry, is used to determine the atmospheric concentration of CFCs,20
whereas CH4' N20 and 03 in the atmosphere are determined by gas chromatography
and spectrophotometric methods. The measuring methods are being constantly im-
proved and their operation simplified by applying microprocessors .

The monitoring of greenhouse gas emissions directly at the anthropogenic sources may
have two goals : firstly the determination of concentrations of pollutants in exhaust gas,
and secondly the determination of overall emissions (the quantity of substances re-
leased) . For the purpose of measuring concentrations in industrial applications, scientific
measuring methods are adapted to the new tasks, while comparable measuring precisions
are not always necessary . Nevertheless, for emission balancing apart from pollutant
concentrations also the exhaust gas quantity has to be determined . To this end, the
effluent's density and velocity as well as the diameter of a stack have to be known. The
exhaust gas quantity can be determined in various ways . The use of ultrasonic instru-
ments in the off- gas stack is one of the best methods although it has a measuring inac-
curacy of 3 - 5% . The concentrations of SO2, NOX, CO and other substances are in part
continuously measured in those facilities referred to in the Technical Instruction on Air
Pollution Control (TA Luft) or the Large-Scale Firing System Regulation (GFAVO).
The corresponding measuring technology is available and marketed2l commercially. A
detailed description of the measuring methods and measuring techniques for determining
the concentration of pollutants in exhaust gases and the determination of exhaust gas
volumes can be found in a publication issued by the Federal Environmental Agency
(Umweltbundesamt - UBA).22

As far as measuring technology is concerned, there are no basic difficulties in balancing
greenhouse gases. If a considerable demand for measuring technology for all the
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greenhouse gases should arise as a consequence of political directives then suitable in-
struments could be rapidly on the market . The real basic problem is therefore not to be
found in technical inadequacies but rather in the poor verification suitability of the
emission sectors for such measurements .

However, measurements at the emission sources as an international verification measure
would also encounter "inherent" problems : high demands would be made on the meas-
uring instruments with respect to practicability, accuracy, reproducibility, operational
reliability etc . . In the international framework, extensive standardization measures would
be required in order to set up binding standards for measuring procedures and instru-
ments, to implement the measurements and evaluate the data . Finally, measures would
have to be taken to combat manipulation of the measuring instruments and to ensure
that the emissions from a plant would be completely covered (no bypass) . This would
require monitoring efforts similar to those for nuclear safeguards but with dramatically
greater expenditure . The range of verification measures could be extended arbitrarily to
include plant inspections, design verification and reverification (after refitting) . It would
also have to be ensured that undeclared plants clandestinely emitting greenhouse gases
could be detected .

This brief outline of the problems makes it clear that, for all practical purposes, the
general utilization of measuring technology to safeguard anthropogenic greenhouse gas
emissions can be ruled out .

3.2 . Verification of C02-Emissions from the Energy Sector

3.2.1 . Determining Energy Consumption

Data can be found in the literature both on global CO2 emissions as well as on the

CO2 emissions in individual world regions and countries~3 They are based on calcu-

lations using statistics about energy production and consumption .24 The emissions of

other atmospheric pollutants are also generally obtained by calculation (SO2 , NOX, CO,

organic compounds) . Although calculation methods are in this sense "established", the

publications display different data both with respect to worldwide and also national

CO2 emissions from the energy sector.

Precise calculations of CO2 emissions capable of finding a consensus depend on several

factors :

the completeness and accuracy of the energy statistics ;
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"

	

the accuracy (precision) of the conversion of energy data into emission values;

the international comparability of statistics .

None of these conditions has been completely fulfilled to date .

Each country is at pains to determine its own energy consumption. Such information

serves as a basis for decisions in national energy policy and economics . However, the

problems already begin with the differentiation of commercial and non-commercial en-

ergy consumption. Above all countries in the "Third World" encounter difficulties in

determinin g the non-commercial energy consumption, which in these states can account

for up to 80% of the total energy consumption. However, complete determination of

commercial energy consumption cannot always be ensured in both developing and in-

dustrialized countries . Energy statistics and their collection methods have evolved his-

torically and also express specific national requirements . Thus for example the compar-
atively complete and accurate energy statistics of the Federal Republic (and before that

the German Empire) reflect the strong dependence on imports, particularly liquid energy

carriers. Countries rich in resources and with an energy sector economically self- suffi-

cient are not always interested in achieving a comparable precision in their energy sta-
tistics . Centrally planned economies regard energy data as "sensitive" information and
largely keep them classified . The following generalizations may be used : the quality of
the energy statistics is correlated with the level of economic development of a country ;
covering non-commercial consumption, i.e . of biomass and dung, causes difficulties in
the developing countries ;26 the availability of energy data is often politically controlled
in many countries .

Furthermore, many countries base their statistics on different values for . the energy
content of fuels as well as for converting energy units (e.g . joules into TCE etc .) . Thus,
calculations of the energy consumption of a country for an identical period may give
different results .

It is basically true to say that the Federal Republic has at its disposal one of the most
precise and complete systems of energy statistics with an extremely high degree of dis-
aggregation . However, even these statistics are not completely irreproachable. Through
the collection and compilation of data a structure has developed involving the industrial
associations of the energy sector, the Federal Ministry of Economics, the regional sta-
tistical offices, the Federal Statistical Office in Wiesbaden27 and above all the Working
Group for Energy Balances . None of the above mentioned collects and processes all the
data, the statutory basis for the collections differs, and the Working Group on Energy
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Balances is a private association . Within its framework the energy data obtained from
a number of sources are brought together . In this connection, the public establishments
cooperate with the Working Group on Energy Balances, but are not formally part ofit .
The Working Group on Energy Balances establishes a methodology for aggregating the
in part inconsistent data, or determining energy data otherwise unavailable. The results
thus obtained represent a semi-official calculation of energy consumption and are used
as a reliable, independent data base for most work on the energy economy . Neverthe-
less, they do not represent an official energy balance ; such a balance is not drawn up for
the Federal Republic . Discussions with experts on energy statistics reveal that the degree
of precision for values on primary and final energy consumption differ to some extent .
In collecting data on primary energy consumption, "non- commercial energy carriers'28
(waste and residues in industrial firing) are not covered . If this consumption is reduced
in favour of energy carriers which are covered statistically then this effect is reflected in
the energy statistics as increased consumption - it is therefore not microscopically small .
However, it is planned to reform the data catalogue for industrial reporting which will
then lead to a complete, precise data collection . According to information from the
Federal Statistical Office, data on final energy consumption is less precise than that on
primary energy use since the values for the consumption sectors of households and small
businesses are not collected directly but rather represent a calculated "residual category" .

We assume that, with the limitations mentioned above, energy statistics in the Federal
Republic display a high degree of reliability: primary energy application can be deter-
mined with a maximum deviation of 1 % .29 Such precision cannot be achieved for final
energy consumption .

Internationally available energy statistics show that there are no data on final energy

consumption for many countries, or else they are fragmentary and unreliable . The data

situation is better for primary energy use . Thus for example, the United Nations (UN)

compiles data on commercial primary energy use but not for the consumer sectors .30

Although the IEA also provides some data for many countries about final energy con-

sumption, nevertheless this remains patchy for some of them and the method of compi-

lation cannot be directly reconstructed.31 It would therefore seem appropriate to calcu-

late the national declarations of CO2 emissions on the basis of primary energy but not

final energy use, especially since this then dispenses with the necessity of precisely esti-

mating the conversion losses .

A serious problem is encountered in the different data collection methods and conver-

sion factors used by the individual nations. The international comparability of energy

statistics cannot be guaranteed - and precisely this would be a necessary prerequisite for
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internationally comparable declarations and verification . Although the UN attempts to

set standards for the member states on determining their primary energy use, neverthe-

less - according to experts on energy statistics - they are not achieved in practice . A joint

task of the International Organization and the national authorities would therefore be

to develop a set of standards ("questionnaire') laying down uniformly for the members

of a greenhouse gas convention all energy data to be collected and also the conversion
factors, considered necessary for compiling comparable, comprehensive and accurate
energy statistics . The medium- and long-term goal should be to collect data not only

on primary energy use but also final energy consumption in order to improve the data

base available to the International Organization for verification purposes . The accept-
ance of such a "questionnaire" could increase if countries were able to use such statistics
to improve the basis for planning their own energy economy . The basic features of a
"questionnaire' could be laid down in a framework agreement on verification which
would then be concretized in the implementation phase of the surveillance regime .

3.2.2 . Conversion of Energy Values into C02-Emissions

Even the best energy statistics is of no avail in value if the conversion of energy into
emission values, i.e . in our case CO2, is imprecise since the declaration and verification
of CO2 represents the heart of a greenhouse gas convention . The methods and data for
compiling these values must be reliable and capable of finding a consensus . Two prob-
lems thus emerge :

determination of oxidation values, i.e . the fraction of the carbon atoms released as
CO2;

determination of the carbon contents of the energy carriers .

The more efficient the firing practice is, the higher is the oxidation factor . In modern
coal-fired power stations in the Federal Republic it is probably in the order of 98 to
99%, i.e. the C content in the ash (residues) would only be about 0.5 to 2% . This is also
meaningful for safety reasons: if the C content exceeds a value of approx . 5% then there
is danger of a smouldering fire . In many countries around the world, also in the
COMECON region, power station technology is sometimes still used which only corre-
sponds to the state of the art in the Federal Republic in the fifties or indeed to the
German standard of the thirties and forties .32 The oxidation factor is correspondingly
lower, i.e. the C content of the ash may be significantly more than 5% . It could conse-
quently be argued that the oxidation factor in the emission calculations should not be
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0.99 as for example in the Federal Republic, but rather 0.95 or less . CO2emissions would
therefore be lower . However, if such arguments were to be accepted in a convention
then, firstly, the verification efforts would increase: ash would have to be examined for
its C content, or at least random samples would have to be taken . Furthermore, an in-
centive to improve power station technology would cease to exist . In contrast, if an
oxidation factor of one were assumed (i.e . a complete conversion of C into CO2) then
this would represent an incentive for all countries to improve their firing practice . Al-
though this would mean that "technically underdeveloped" countries would be at a dis-
advantage to certain extent for a lengthy period, nevertheless it can be argued that the
carbon in the ash (used for example in road construction) oxidizes in the course of time
and enters into the atmosphere. As a compromise, such countries could be granted a
transitional period during which a gradually more stringent oxidation factor would be
included in the emission calculations .

The different carbon contents of the energy carriers have a much greater influence on
the emission results than the oxidation factors : As a rule, for present emission calcu-
lations global averages are used for hard coal and lignite, mineral oil (products) and
natural gas . However, this is inadequate for a convention where states declare their
C02 emissions and are subjected to verification . The C contents of the energy carriers
(particularly coal and mineral oil) in the individual countries may deviate considerably
from the global average. If the C content is lower then a country's emissions are over-
estimated, if it is higher they will lie below the actual emissions . National averages
cannot be laid down without difficulty . For example, in the Federal Republic C contents
of hard coal sorts have a fluctuation range of 20 %, while within the individual coal
types this fluctuation may be up to 10 % ; a deviation range can also be found for min-
eral oil products, whereas it is slight for natural gas . At any rate, all declarations of
emissions on the basis of global averages are inadequate from the verification perspec-
tive ; scenarios involving deception and "concealed" C02 emissions can be imagined. For

this reason, the national declaration must accurately state the C contents of the energy

carriers used, if possible not on the basis of national averages but in a disaggregated

form. This information is as a rule already available with accuracy (a deviation of a few

percent) in the Federal Republic of Germany. These data are determined analytically

and, at least for hard coal, documented and even provide information about the C con-

tents of coal from the individual pits etc . . 33 This is not always the case for other coun-

tries, and moreover not with comparable accuracy . The International Organization must

therefore urge the individual states by means of the "questionnaire" to accurately deter-

mine the C contents of the energy carriers used . The Organization must moreover be in

a position to verify these data, ifnecessary by analysing random samples, measurements
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and other information . It will probably be impossible to avoid the use of certain averages

(for example in power station complexes) in order to facilitate declarations and verifica-

tion . This thus emerges as a difficult task for the international and national authorities

since determination of C contents by a procedure capable of finding a consensus is an
important pillar of the convention.

3.2.3. Verification

An International Organization cannot independently collect data about energy con-
sumption . The staff required, the information quantity involved and the computer ca-
pacity necessary for data processing would be too great . Its activities must therefore
concentrate on "recalculating" the energy and emission data .34 A prerequisite for this is
the transparency of collecting, aggregating and balancing the energy data, and also their
conversion throughout all stages of the statistics . A second requirement is the broad,
complete availability of information on energy conversion. In the opinion of a german
statistics expert , this does not seem to be completely the case in the Federal Republic
with its various agencies involved in the collection and processing of statistics . It may
therefore be meaningful to examine whether the compilation of an official energy bal-
ance for the Federal Republic by one authority on the basis of a uniform Statistics Act
would increase transparency . Admittedly, this study must be viewed against the back-
ground of other countries' as yet incomplete statistics, only reconstructable with diffi-
culty: against this background statistics in the Federal Republic are already quite out-
standing. It is therefore meaningful to increase in stages both the transparency and also
completeness and precision of energy statistics in all countries . It should be possible to
achieve this by means of the "questionnaire" to be drawn up by the International Or-
ganization in cooperation with the national authorities, which then has to be filled in
by the states regularly and accurately. This questionnaire should contain:

"

	

primary energy use broken down according to fuel (and as far as possible final en-
ergy use) ;

"

	

the C contents of the energy carriers in as much detail as possible;

"

	

conversion losses ;

"

	

also some raw data sets, if required for verification ;

"

	

energy conversion factors ;
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and (depending on provisions in the convention) the oxidation factors .

If this information is available then the CO2 emissions of any primary energy carriers
containing carbon can be calculated by the following formula:

(PE/P-E+ I-B- Ne) xCx0= Em

PE/P stands for the primary energy production of fossil fuels, E for the export and I for
the import of fossil energy carriers, B for bunker and Ne for non-energetic consumption .
C designates the carbon content of the fossil energy carrier and 0 the oxidation factor .
From this the emission of CO2 (Em) can be calculated.

It should also be possible to verify the declared emission values if, on such an informa-
tion basis, the International Organization has sufficient energy and statistics experts at
its disposal to verify the declarations with respect to their plausibility. If information on
final energy consumption is also available then crosschecks based on primary and final
energy become possible . However, since the C content of all energy carriers is not re-
corded with extremely high precision in any country there will always be a margin of
uncertainty in declaration or verification. Furthermore, there are also deficiencies in
records, conversion, etc. of energy use . These deficiencies add up and impair the possi-
bility of verifying emission reductions. On the whole, according to our very tentative
estimate, the imprecision of declaration or verification may by all means be in the order
of several percent in statistically "good" industrialized countries and markedly higher in
other states.35 This would be even more the case ifnon-commercial consumption, which
is very difficult to determine precisely, were to be included in declarations by developing
countries . It should be considered whether the declaration of non-commercial con-
sumption could be dispensed with36 or declared separately from commercial consump-
tion . In the latter case, verification could be directed towards estimating the plausibility
of the data but not to "recalculating" a necessarily imprecise declaration of non-
commercial consumption.

A "mixed" verification, i.e . the application of continuous measuring systems for large

stationary CO2 emitters, increases at best marginally the overall precision of the CO2

balance for a country with very good energy statistics . Although the measuring accuracy

of instruments for determining CO-emissions is not known precisely, nevertheless this

still seems to be problematic . Furthermore, present instruments can only measure the

of gas volume with an accuracy of approx. 3 - S% .

19



3.2.4 . Conclusions

All in all, it must be remembered that present imprecisions of CO2 calculation from the

energy sector for some states may be in the order ofmagnitude of a reduction goal which

may be agreed upon within the framework of a climate convention. The introduction of

a "questionnaire" bringing greater precision in detection and an improvement in verifi-

cation capability is therefore an urgent task which must be given priority in a greenhouse

gas convention . We are fairly optimistic that an infringement of a convention can be

detected by verifying the declarations of energy use and the CO2 emissions if the devi-

ation is less than 10% of the fossil energy use of a country.

In view of the measuring inaccuracies, the application of measuring instruments for

CO2 balancing does not improve the quality of verification possibilities . Moreover, the

costs will be immense. Assuming that the CO2 emissions of all 17,000 facilities in the

Federal Republic subject to the TA-Luft (Technical Instruction on Air Pollution Con-

trol) or the GFAVO (Large-Scale Firing System Regulation) were to be monitored by

measuring instruments then at least DM 100,000 per stack would have to be invested for

the procurement, installation, calibration etc. ofthe measuring instruments to determine

the off-gas volume and the CO2 content of the waste air .37 Assuming that each of the

facilities were only to have three stacks to be monitored then this would amount to in-
vestment costs of approx . DM 5 billion for the 17,000 facilities . As a rough estimate,
such a measuring system would only be able to monitor 4 % of Federal German CO2
emissions .

3.3 . Satellites as Instruments for Verifying a Greenhouse Gas Convention

3.3.1 . The Verification Task

There are no measuring systems capable of continuously detecting anthropogenic emis-
sions from areal sources and thus allowing an emission balance to be established . For
these sectors emission data are always calculations based on more or less reliable studies
of a section of the area, estimates and model results . For this reason, the C02, N20 and
CH4 emissions from agriculture, land use and deforestation can only be roughly calcu-
lated. These data are not appropriate as a basis for the quantitative declaration of na-
tional emissions to an International Organization, since the verification of an unreliable
declaration can only result in the determination of its imprecision and not the verifica-
tion of compliance with a treaty .
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We therefore propose that, primarily for the emissions associated to deforestation (and
the carbon "sink" provided by reforestation), in the longer term also for the agricultural
sector and changes in land use (for example large infrastructure measures), it is not the
emissions which should be declared and verified but rather the status and development
of these sectors themselves .

These emission sectors are in principle suitable for verification . Space-based remote
sensing systems should be used as a basic instrument for detection and verification, but
they must always be closely associated with air-based and above all ground-based "on-
site activities" . 38 The verification system in a fully developed configuration could then
display the following structure. Depending on the final form of the convention, states
or their national authorities should declare the area and status of their forests,39

reforestation measures, the size and use of their agricultural areas and any planned

changes, and give notification of any large-scale interventions in land use (e.g . for

infrastructural measures) . To this end, they must have the necessary data at their dis-

posal (if necessary with assistance from other countries or the International Organiza-

tion) also including satellite information .40 By means of remote sensing and ifnecessary
local inspections, the International Organization will verify whether the declarations are

in fact being complied with, e.g . whether forest declared to be "virgin" actually remain

free from perceptible human intervention. (The internal implementation of the declara-

tions is the task of the national authorities) . These basic features of a declaration and

verification system should be laid down in a convention protocol. Such a declaration and

surveillance system is staff- and resource-intensive, and cannot be fully implemented at

present, and probably also in the foreseeable future, with the remote sensing systems

stationed in space today. Air- and ground-based monitoring, which in contrast to the

possibilities of large-scale monitoring by satellites, can only cover small sections, will

continue to be of essential significance.

However, the justification for such a comprehensive system of global monitoring goes

beyond a pure verification function. The information obtained with this system could

be an essential component in efforts to understand the "planet earth" and modify our

economic systems in such a way that the ecological cycles do not collapse even with a

world population of 10 billion and more.41

3.3.2 . Technical Potential and Limits of Remote Sensing Technology

Remote sensing of the earth has a tradition reaching back over fifty years. For the past

twenty years not only aeroplanes but also satellites have carried out this task and pro-
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vided photographs and other special and general data about the oceans, the atmosphere

and the continents .42 For observations of land surfaces, vegetation and their change (for

example deforestation), as well as agricultural production (e.g . the cereal harvest to be

expected in the USSR),43 use may be made today, (apart from Soviet remote sensing

satellites and the geostationary weather satellites, e.g . NOAA7 from the USA) of the

American LANDSAT satellites and the French SPOT satellite .44 LANDSAT and SPOT

are operated by private companies, i.e . the photographs and data have to be purchased .

Threshold countries such as Brazil and India are also making efforts to construct their

own remote sensing satellites, the EC (ESA) and Japan operate their own programmes

now at an advanced stage .

Remote sensing capabilities depend on the number and orbit of the satellites and the

suitability of their instruments . The raw data thus obtained have to be recorded by ad-

equate terminals and transferred for processing and evaluation undertaken with the aid

of sophisticated, computer-aided data preparation and processing .

In view of the present spectrum of applications, satellite remote sensing may be regarded

as an established technology. Admittedly, its present performance limits must not be

disregarded :45 thus for example it is not always possible to differentiate on the basis of
photographs between clouds and smoke (as a consequence of forest fires) ; the same is
true of a differentiation between burning of fields, pasture areas or forests . Infrared
photographs do not always permit conclusions to be drawn about the size and the in-
tensity of fires in forests etc . . Selective interventions in forests (selective tree felling) and
other small-area activities with an extent of less than 20 metres46 cannot as yet be ob-
served directly . Although the spatial resolution of satellite pictures enables geometric
areal variations to be identified, nevertheless non- geometric anthropogenic interventions
in, for example, a forested area can only be differentiated from natural changes by
making use of additional information . Furthermore, the possibility ofidentifying human
activities from satellites does not only depend to a very great extent on the type of
intervention (e.g . selective versus large-area tree felling), but also on the object's char-
acteristics (for example the type of forest) and the season .47 The possibility of monitor-
ing human activities thus differs according to region . Satellite monitoring provides more
promising results in one country or region than in another, thus representing a consid-
erable political problem for a verification system . Finally, all passive sensors operating
in the range of visible and infrared light are extremely weather-dependent and cannot
penetrate clouds . It may therefore take years before cloud-free pictures of a region can
be taken . The verification capability of present remote sensing satellites is therefore
clearly limited.
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There are, however, plans to improve the quality of remote sensing by means of new
satellites and improved passive and active sensors (radar, lasers) . NASA intends, in part
in cooperation with the "European Space Agency" (ESA) and the " National Space De-
velopment Agency of Japan" (NASDA), to develop a financially and technically very
sophisticated (and controversial) "Earth Observing System" (EOS),48 known as "Mission
to Planet Earth".

The EOS is intended to comprise :

"

	

a series of orbital platforms passing the same point on the earth at the same position
of the sun every 3 - 5 days equipped with various, also weather- and cloud inde-
pendent, sensors with a spatial resolution between 30 m and 1 km. The sensors
should also be in the position to detect the vegetation condition .49 These platforms
dispense with the need to distinguish among satellites for remote sensing of the at-
mosphere, oceans and earth,

"

	

small satellites in lower orbit able to detect rapid developments (for example pre-
cipitation patterns) due to frequent passes (every 90 minutes),

"

	

geostationary satellites, for which, however, improved sensors for observing the
earth still have to be developed .

"

	

In addition, hardware and software still has to be developed for processing and
evaluating the enormous flood of data to be expected . The components of the
overall system are still under discussion : criticism has been made of the high costs
and also the necessity for such quantities of data in view of the extensive informa-
tion already collected by present satellites and as yet unused.so

This criticism reveals that technological possibilities must not be pursued in isolation
without considering the wishes of the users and a precise description of the tasks in hand.
It is therefore advisable to reach international agreement on the tasks to be allocated to
satellite observation within the framework of a climate convention . If agreements (pro-

tocols) on satellite monitoring are reached then the difficult process of interpreting sat-

ellite data, which as such provide no information, must be dealt with . To this end, the

sensors have to be "calibrated", i.e . a specific piece of information in a picture element

of a satellite photograph must correspond to a specific statement laid down in the con-

vention . Extensive field studies in the observation areas are required for this purpose,

similar to those that are being undertaken, for example, as part of the "International

Satellite Land-Surface Climatology Project" (ISLSCP),51 in order to obtain insights into

the relations between the physical values measured by the satellite and the geophysical
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features of the observed surface, for verification is only practicable if its boundary con-

ditions are defined from the very beginning . If such "calibrations" were to be laid down

in detail within the convention then this might possibly involve considerable delays . It

would be the joint task of the national authorities and the International Organization

to make these provisions .

3.3.3 . Political and Economic Problems of a Satellite Remote-Sensing System

After losing their monopoly in exploring and utilizing outer space, the two superpowers

are at pains to at least secure their central position in space travel . This is one reason for
the rejection of the French proposal made in 1978 for an international satellite agency
for arms control . Since then other (groups of) states have developed or made plans for
their own satellite systems, also for earth observation . They are probably today also
unwilling to share their hardware and knowledge with other countries . Power politics,
security and economic interests are at stake.

Such aspects of remote sensing gain significance if questions of the tasks and legal or-
ganization of satellite systems are to be clarified within the framework of a verification
system. From the point of view ofthe International Organization, three models of access
to satellite information can be differentiated:

"

	

the owner model;

a purchaser model;

the lessee model .

The verification argument supports a satellite system in the possession of the Interna-
tional Organization. It would then be able to internally process and interpret all incom-
ing data and would be relieved of the necessity of verifying the reliability of information
it had not collected itself. Furthermore, satellites could be specially tailored to the Or-
ganization's tasks . The argument presented concerning "the global management of the
earth" would also suggest that the necessary information should at least be collated and
assessed on the level of an international organization, if not actually collected. An ob-
jection to this model is that the International Organization's satellite system would have
to collect information which had at least in part also been collected by the satellite sys-
tems of individual countries or private enterprises . Regulations would also have to be
set up for the use of information of economic, political and military use arising during
verification activities . This could be of interest for countries unable to afford access to
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satellite information . 52 Problems also arise due to the unavoidable transfer oftechnology
and know-how to an international organization . Moreover, the costs for such an inter-
national satellite system would be high : they are estimated at approx . US$ 400 million
per satellite (development, start, operation) . 53 On top of this are costs for receiving
stations and processing and interpreting the data .

In the purchaser model, the International Organization buys the necessary satellite in-
formation. The Organization would not need to operate the satellite system and could
use specifically prepared information . Nevertheless, it is doubtful whether all the re-

quired information could be made available by satellites not specially prepared for ver-
ification tasks.

A lessee model would also be conceivable whereby the International Organization would

lease existing satellites for the period required to gather all information necessary for

verification. But once again the problem of utilizing "excess information" would arise

here .

Irrespective of its form and organization, satellite environmental verification leads to

difficult problems in security, power politics and economics . These aspects must be given

further consideration before reasonable proposals for satellite verification can be made.

3.3.4 . Conclusions and Recommendations

Remote sensing by means of satellites has good prospects but at present has a limited

potential and requires considerable development for the verification activities discussed

here . Present satellite systems only have a very high verification capability for those

anthropogenic activities which have a symmetrical form and display a minimum area of

20 x 20 = 400 metres square. This is the case for areal deforestation but often not for

selective tree felling . The observation ofagricultural areas to assess, for example, wet rice

production and the development associated with extensive changes in land utilization

rapidly reaches the limits both of its technical possibilities and also verification suitabil-

ity . The areas are quite simply too great to be subject to worldwide detailed monitoring .

Even the computer time required to transmit and evaluate the data would be very great .

This is also basically true of the earth's forested areas, which in view oftheir great extent

cannot be surveilled in practice . Nor does this appear necessary - thus simplifying the

verification task . A selection should be made from amongst the declared forest areas of

those particularly endangered by human activities and whose position is roughly or in-
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deed very precisely known ("hot spots') . These virgin forests in remote regions should

be at the centre of international verification activities .

If verification activities by means of satellite remote sensing are to be extended beyond
observation of large- scale forest destruction to the tasks outlined above of monitoring
selective tree felling, agriculture and changes in land use then a satellite system would
have to display at least the following technical capabilities :

"

	

high-resolution cameras with a pixel size of 20 metres or less ;

"

	

instruments for determining the height of an observed surface with an accuracy of
less than 0.5 metres;54

"

	

more spectral channels (a two- or three-figure number could be conceivable for fu-
ture satellites) ;

"

	

possibilities of compiling time series data for the areas under observation ;

"

	

new supercomputers to process the enormous quantities of data .

Such remote sensing systems would be able to create a new quality of surveillance
measures . However, even then satellite remote sensing would still depend on coordi-
nation with air- and earth-supported activities . Satellites are often only in a position to
identify those "critical points" where other verification instruments, such as local in-
spections, would have to be applied.

The question of which space-supported verification techniques will actually be developed
and applied is still open . The decisive factors are not the technical limitations but rather
the solution of power politics and economic problems associated with such a verification
system, for the material and personnel resources involved will be enormous. If these re-
sources should be made available then such comprehensive remote sensing must not be
directed towards verification alone but should also be an instrument for managing vari-
ous global, regional and local problems in the most varied sectors .

3.4. The Verification of Diffuse and Point Emission Sources

Agriculture is an important diffuse anthropogenic source of greenhouse gases: wet rice
cultivation, ruminant herds55 and the application of nitrogenous fertilizers discharge
primarily CH4 and N20 into the atmosphere . With respect to the verification proce-
dures discussed so far, the verification suitability of these sectors is extremely low or
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totally lacking. The emissions can neither be balanced by measuring systems nor moni-
tored by satellites nor precisely assessed by calculations in such a way as to form the
basis for national declarations and international verification .

Apart from CO2' the energy sector also releases CH4' This primarily occurs during ex-
traction in the coal and mineral oil industries, and in the natural gas industry also during
transport, distribution and utilization. In contrast to CO2' this gas does not substantially
arise during energy conversion but is rather so to speak, a side effect of the energy sys-
tem. These point sources for greenhouse gases are similarly characterized by a very lim-
ited verification suitability.

The diffuse agricultural emission sources could be covered in a greenhouse gas conven-
tion in such a way as to aim at improving the food supply while reducing greenhouse
gas emissions : for example by the development ofnew agro- industrial methods (e.g. new
plants which bind nitrogen in the soil and reduce the use of fertilizers, reduction of
CH4 emissions from wet rice paddies by modifying fertilization procedures), a reduction
in the use offertilizers in countries with high agricultural excess production and a change
in the food supply (substitution of plant products for meat) .

Let us assume that such agreements were to be made and would have to be monitored.
In this case, under no circumstances should national emissions from these sectors be
declared and verified, for they depend on so many factors, which are difficult to calculate
so that the data would not be reliable enough to permit verification. We have already
indicated elsewhere that the verification of such declarations would then only indicate
their low reliability but would not be able to demonstrate contractual compliance . In this
case "indirect" surveillance of emissions would appear appropriate . In principle, an ex-

tension ofthe arable area can be observed by satellites . It is apparent that no statements
can be derived from this concerning a reduction in the number of ruminants . Nor can
this be determined by satellite remote sensing since the optical resolution of the sensors

is not adequate. It is conceivable that this would be basically possible by verifying the

countries' statistical data on the livestock figures and meat consumption. These figures

are incomplete and imprecise for very many countries since accurate records of livestock

are not kept and the meat consumption is not covered by statistically recorded markets .

However, since such a reduction in consumption probably only involves the industrial-

ized countries where statistics are available and seem to be precise, repeated examination

of these statistics by the International Organization should be able to permit an estimate

of whether the declared consumer trends are plausible . It would also seem possible to

make a comparative examination of declarations on the amount of fertilizer applied if

data on the production, imports and exports for the respective countries are available .
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The extent to which these audits are effective depends first of all on the surveillance ca-

pability, i.e . the efforts involved, and on the transparency of the statistics, about which

we are unable to make precise statements. In general, we doubt whether these emission

sectors should be subjected to verification measures since the efforts would be enormous.

It might be more meaningful to lay down a general obligation to promote "sustainable

agriculture" in the convention . Country studies commissioned by the International Or-

ganization could contribute towards defining this concept and identify improvement

potential for such a policy . This would not be verification in the real sense but rather

information acquisition which would nevertheless permit qualitative insights into the

emission sectors under discussion enabling them to be developed and providing positive

incentives for change .

Only incomplete and contradictory data on the emission of methane from the energy
economy are available worldwide . Therefore as a first step in a greenhouse gas con-
vention, the states should be obliged to assess their emissions from these sectors . The
studies on CH4 emissions by the hard coal and natural gas industries in the Federal
Republic are the central component of such an open flow of information . A later, ma-
terial step could consist in reaching agreement on the reduction of methane emissions
from the energy economy. International minimum standards on the energetic utilization
or flaring of methane could be agreed both for the mineral oil industry where associated
gas arises, as well as for the coal industry (pit gas) . Compliance with the agreements
could, once again, be assessed by studies giving at least rough indications of trends .
Local inspections by representatives of the International Organization would also be
conceivable in order to obtain further indications for converting the accepted measures
and improving the quality of the technical procedures employed ("procedural verifica-
tion') . For the natural gas industry, minimum standards of technical safety could be
agreed upon for the production, transport, distribution and possibly user level in order
to reduce the quantity of natural gas leaks and to reduce the risk of accidents . Once
again, it may be possible to verify the measures by "implementation studies", in which
not the emissions themselves but rather the agreed technical measures and the quality
of the technical procedures are examined .

Similar monitoring measures could be conceived for agreements with the aim of reducing
waste disposal sites . In this case "recycling" quotas could be agreed upon and also the
flaring or energetic utilization of the resulting gases .

These proposals for verifying compliance with the treaty on the part of individual
countries are very qualitative and are therefore only suitable for detecting contractual
infringement in very flagrant cases. Their utility is, however, to be found in establishing
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an information basis enabling member states of a convention to take decisions about
more extensive measures .

3.5. Verification of Cidorofluorocarbons

The CFCs 11/12 and halons at the centre of discussions on protection of the
stratospheric ozone layer differ from the greenhouse gases or emission sectors discussed
so far in several respects :

"

	

The speck greenhouse gas potential of F 11 or 12 is 14-17,000 times as great as
that of CO2 and also exceeds N20 and CH4 by two orders ofmagnitude . Moreover,
the CFCs remain in the atmosphere for an unusually long period (65 - 100 years) .

"

	

CFCs are only produced industrially; their rate of introduction into the atmosphere
has been growing rapidly at 5% per year, in comparison to other greenhouse gases .

"

	

Only a few companies (two in the Federal Republic) produce CFCs in an orderly
and well-defined production process. World production at 800,000 tonnes is small
in comparison to other greenhouse gases .56

All these factors point to a fairly favourable verification suitability for the CFCs.

In addition :

"

	

There are political agreements on an international level about reducing the pro-

duction of CFCs and on a regional level, above all within the EC, on an almost

complete run down of CFC production .

"

	

Approaches for monitoring can be found in the Montreal Protocols and - on an

EC level - with the regulation of the Council of the EC of 14.10.89 .58

Depending on the material provisions of an international convention, two verification

concepts are basically possible :

"

	

ifthe production of a substance is banned then the non-production must be verified,

"

	

if it is agreed that permissible production should be limited then verification activ-

ities must concentrate on establishing that this upper limit is not exceeded .
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The verification of non-production can involve considerable, indeed blanket, surveillance

activities in countries with a large chemical industry, unless they are concentrated on

checking suspicious cases. However, verification of non-production is simpler in that an

identification of a forbidden substance necessarily indicates an infringement of the trea-

ty . Whereas if production is permitted up to a fixed limit then verification does not aim

at establishing the presence or absence of the substance but rather establishing that the

limits have been observed. This is an extremely difficult quantitative problem also facing

the chemical weapons convention .

The verification of a CFC convention, whether on the basis of the Montreal Protocol

or a more extensive agreement, must aim at monitoring the observation of upper pro-

duction limits (varying greatly in industrialized and developing countries) since the pro-

duction of CFCs for specific purposes is permitted by the Montreal convention for the

foreseeable future . This is not very favourable from a verification point of view ; a ban

on production would have advantages .

Four approaches for verifying the observation of permitted upper production limits for
CFCs can be put forward :

"

	

Approach 1 : The CFC production facilities are equipped with measuring systems for
determining production quantities . The measured production quantities can be
compared with the permitted quantities and a balance can be drawn up for each
country providing information about treaty compliance . Experience from the non-
proliferation of nuclear weapons can be used in this quantitative verification con-
cept . The required measuring and balancing technology, which must be protected
against manipulations, should be developed .

"

	

Approach 2: The producers pass on the production figures and data concerning im-
ports or exports of substances under surveillance to a national authority or the
International Organization . The data are then verified on an international level with
respect to their plausibility . Further monitoring is not envisaged . (This approach is
reflected in the Montreal Protocol). This transfer of data basically represents a
confidence-building measure .

"

	

Approach 3 : An international surveillance commission is granted access to pro-
duction facilities at fixed intervals and attempts to draw conclusions about the
magnitude of CFC production from the structure and design of the plant and also
receives some production data . The commission makes a qualitative assessment of
the reliability of the information provided and the non-suspect nature" ofthe facility
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design. Inspections by the "Arms Control Bureau" of the "Western European Un-
ion" (WEU) in chemical facilities ofthe Federal Republic aimed at verifying the non-
production of chemical weapons could provide a model for such a verification sys-
tem. This is also essentially a measure to create confidence since the commission's
assessments cannot be proved.

"

	

Approach 4: An obligation to provide reports and notification is agreed for all CFC
producers containing the following information :

-

	

the production quantity, the place(s) and actual duration of production in the
last defined period;

-

	

imports and exports, stocks of the substances ;

-

	

planned production, envisaged production locations and production periods .

The International Organization checks the producers' "books" and has the oppor-
tunity to undertake regular and surprise inspections at the chemical facilities in order
to establish whether the production locations and periods correspond to the pro-
ducers' notification . Continuous measuring systems are not applied, but it would
nevertheless be conceivable that mobile measuring instruments could be used to
verify non-production in those facilities not declared as production locations . This
verification model displays considerable parallels to the surveillance measures en-
visaged for civil chemical weapons within the framework of the Chemical Weapons
Convention.

Before beginning a brief assessment of these four approaches, it must be remembered
that Regulation 3322/88 by the EEC on CFCs does not necessarily replace international
verification . The Council Regulation may also be interpreted as an "internal strategy" to
implement an international agreement which within the EC is no longer exclusively
incumbent upon the states but also upon the community authorities . An international
verification organization would then have to form its own picture of contractual com-
pliance on the part of the EC states .59

The following picture results from an initial assessment of the four approaches . Thus the
favourable verification suitability of the CFCs as well as the technical possibilities for

measuring CFC production, which are available in principle, would appear to make the

verification system described in the first approach seem feasible . However, we are unable

to make any statements about measuring accuracies, probabilities of detecting "clan-

destine production" etc . . Even rough estimates require precise knowledge of the pro-
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duction process . A reliable statement about contractual compliance on the part of indi-

vidual countries in approaches 2 and 3 is only possible to a very limited extent in view

of the lack or inadequacy of information about the production process, non-existent

possibilities of verifying the declared values concerning CFC production and no or only

limited access to the production facilities . These approaches are therefore more suitable

as steps towards creating confidence by means of a limited opening up of an emission

sector previously screened off. If one takes verification capability and suitability as a

starting point then approaches 1 and 4 seem most suitable for an effective surveillance

regime. However, they display considerable differences as a consequence of their re-

spective quantitative or qualitative orientation . Both the technical and administrative

efforts and thus also the costs are probably considerably higher for quantitative moni-

toring by means of measuring systems than in the case of approach 4, which contains

clearly qualitative verification elements and aims at establishing the plausibility of a

declaration and not at a comparison between the target value and actual measurements.

The decisive question is, however, the perceptions of the political decision-makers con-
cerning the adequacy of verification within the framework of the Montreal Protocol and
thus the estimate of a risk of the clandestine production of CFCs. A risk results from the
probability and consequences of an event . Irrespective of how the probability of clan-
destine production is assessed, the perception of the consequences displays basic differ-
ences, for example, vis-vis the NPT or the Chemical Weapons Convention . Several
thousand tonnes of clandestinely produced CFCs do not affect global power or security
structures in the least, whereas this may be very much the case with a diversion of nu-
clear material or the unnoticed production of substances which may be used for chemical
weapons. These are therefore quite different risks, objectively seen, the perception of
which necessarily influences the verification density . Nevertheless, it is conceivable that
the verification envisaged in the Montreal Protocol will be regarded as inadequate . The
"Chemical Weapons Model" (approach 4) would suggest itself as an alternative to the
use of expensive measuring systems . It is more intrusive and cumbersome than ap-
proaches 2 and 3, but has a greater density and in our view a high potential for detecting
treaty violations, without involving such high costs as approach 1 .

However, there are also political and economic arguments against such a dense and in-
trusive verification system. Only those states party to the convention would be covered
by verification and the associated burdens . Non-members could profit from the
unrestrained use of CFCs and would not bear any of the costs for verification . The
chemical industry involved in a verification regime would have to make considerable in-
vestments for converting production (substitute materials) and also for surveillance (in-
spection costs). There would thus be a negative incentive for membership . This problem
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structure is familiar from the international nuclear non-proliferation regime . Before

tightening up the verification concept over and above the provisions of the Montreal
Convention, careful consideration should be paid to the advantages and disadvantages
of such a procedure with a view to the overall regime .

4. Summary and Recommendations

We assume that the countries participating in a climate convention will commit them-
selves not to exceed a fixed anthropogenic greenhouse gas emission in their country and
to contribute by other measures towards reducing atmospheric pollution from their

greenhouse gas emissions .

Such a convention will have to make use of international verification measures in order

to survey the contractual fidelity of the member states (verification requirement) . This
verification requirement derives from the distrust between nations and lack of informa-

tion which still exists in spite of increasing international cooperation, as well as the

possibility of states profiting from bypassing international agreements.

In order to draft a verification concept for greenhouse gases, we have selected a

methodological "bottom-up" approach, not deriving a verification system from political

requirements but rather analytically taking verification theory into consideration . The

concept and the intensity (density) of verification are characterized by the verification

capability (measuring and observation procedures, control methods etc .) and also by the

verification suitability of the sector to be verified (number, status, accessibility of the

emission sources) . Our proposals for possible verification concepts are based on this

interlinkage of verification capability and suitability.

It is not possible to implement verification without an internationally agreed organiza-

tional structure . We have proposed a two-stage structure . It comprises, firstly, the es-

tablishment of national authorities in the respective member states entrusted with the

task of determining their states' anthropogenic greenhouse gas emissions as laid down

in the treaty and of declaring them (together with other information concerning meas-

ures against the greenhouse effect, for example reforestation) to an International Or-

ganization. Secondly, an International Organization to implement the verification ac-

tivities and check whether the states have not exceeded the maximum permissible

emissions and have followed all other agreements in the convention.
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For the Federal Republic and other members of the EC, the question arises of whether

national authorities (and individual emission limits) would correspond to the degree and

intensity of European integration already achieved . For this reason, careful consider-

ation should be given to the advantages and disadvantages of an EC authority, for ex-

ample along the lines of the "European Atomic Energy Community" (EURATOM),

within the framework of a greenhouse gas regime .

In the search for models for international verification concepts then one comes across

arms controls, in particular the Non-Proliferation Treaty (NPT). A verification concept

comparable to these agreements could take on the following form. States measure their

greenhouse gas emissions and declare them to an International Organization which then

implements control measurements and audits in the individual states . If the declaration
and control measures are in agreement and if these figures correspond to the

contractually agreed permissible emission quantities for the respective countries then
contractual fidelity is established.

However, our considerations have led to the result that the NPT cannot represent an
appropriate model . Although use is made today in large-scale technical facilities of
measuring systems which continuously measure concentrations of some pollutants

(SO2, NOX, CO) in the waste gas, they are not really relevant for the greenhouse prob-
lem. It would also be possible to measure the volume of waste gas and thus the total
quantity of emitted substances but as a rule this is not done . It is therefore not surprising
that such a "material balance" cannot be drawn up for greenhouse gases, since important
greenhouse gases, in particular CO2, are not considered to be substances requiring reg-
ulation under present emission protection laws . This situation is quite different in the
nuclear sector ; nuclear material is balanced or emissions of radioactive substances in the
nuclear facilities .are balanced both for safeguard activities and for reasons of radiation
protection (in quite different ways). It must, admittedly, be remembered here that the
quantities of material covered by the NPT safeguards are at lest five orders ofmagnitude
smaller than the quantities of greenhouse gases to be monitored. The same is true of the
number of nuclear facilities in relation to the number of greenhouse gas emitters .

More suitable and more economical measuring systems for the continuous detection and
balancing of greenhouse gas emissions could undoubtedly be developed if politically
necessary. However, this should not be done without considering the verification suit-
ability of the emission sectors . Neither large-area greenhouse gas emissions (land use,
deforestation) nor emissions from small, mobile sources (ruminants), nor leakages from
pipelines can be measured and balanced . Although this is not so generally true of the
traffic sector, households, industry and in particular power stations, which as point



sources display a (more or less favourable) verification suitability. Nevertheless, with
respect to these sectors it must be remembered that it is possible to calculate greenhouse
emissions, above all CO2, with a precision which is hardly worse and may indeed be
comparable to measured results . Furthermore, the efforts required for emission calcu-
lations are considerably lower.

Although the possibility of using measuring systems for balancing purposes is largely
ruled out by the poor verification suitability of most emission sectors, nevertheless this
does not invalidate the need for the further development of measuring techniques . On
the contrary, one of the important tasks of scientific and technical research and devel-
opment would be to provide methods and apparatus for the continuous measurement
and balancing of greenhouse gas emissions . Even if they cannot be applied to draw up
emission balances, it is by all means conceivable that they may be used for random
measurements in order to improve the quality and precision of methods for emission
calculation, which is of great significance in a greenhouse gas verification system.

Our proposals, taking into consideration the verification suitability of the emission sec-
tors and the verification capability, therefore aim at national declaration systems and an
international verification system which can largely dispense with measuring systems. The
elements of the convention and the international verification system, as well as the as-
sessment of its effectiveness for the most important greenhouse gases are summarized in
the synopsis (at the end of this text) . The core elements of the national declaration

systems and international verification system are as follows :

"

	

Calculation and declaration of energy consumption and the associated CO2 emis-

sions by the national authorities and verification of these declarations by the Inter-

national Authority by means of audits and other methods verifying the plausibility

and reliability of the data .

"

	

Use of space-based (and other) global remote sensing systems to monitor forests,

deforestation and, if possible, infrastructural and land-use activities by member

states in order to verify agreed assurances concerning forest protection, reforestation

etc . .

"

	

Studies, audits and procedural verification in the sectors where emissions cannot be

either precisely calculated or monitored by means of remote sensing (parts of the

energy sectors, agriculture, waste disposal sites) . A very qualitative verification sys-

tem is also proposed for these cases.
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For the Federal Republic and other members of the EC, the question arises ofwhether

national authorities (and individual emission limits) would correspond to the degree and

intensity of European integration already achieved . For this reason, careful consider-

ation should be given to the advantages and disadvantages of an EC authority, for, ex-

ample along the lines of the "European Atomic Energy Community" (EURATOM),

within the framework of a greenhouse gas regime .

In the search for models for international verification concepts then one comes across

arms controls, in particular the Non-Proliferation Treaty (NPT). A verification concept

comparable to . these agreements could take on the following form . States measure their
greenhouse gas emissions and declare them to an International Organization which then

implements control measurements and audits in the individual states . If the declaration

and control measures are in agreement and if these figures correspond to the
contractually agreed permissible emission quantities for the .respective countries then
contractual fidelity is established .

However, our considerations have led to the result that the NPT cannot represent an
appropriate model. Although use is made today in large-scale technical facilities of
measuring systems which continuously measure concentrations of some pollutants
(SO2 , NOX, CO) in the waste gas, they are not really relevant for the greenhouse prob-
lem . It would also be possible to measure the volume of waste gas and thus the total
quantity of emitted substances but as a rule this is not done . It is therefore not surprising
that such a "material balance" cannot be drawn up for greenhouse gases, since important
greenhouse gases, in particular CO2, are not considered to be substances requiring reg-
ulation under present emission protection laws . This situation is quite different in the
nuclear sector ; nuclear material is balanced or emissions of radioactive substances in the
nuclear facilities are balanced both for safeguard activities and for reasons of radiation
protection (in quite different ways) . It must, admittedly, be remembered here that the
quantities of material covered by the NPT safeguards are at least five orders of magni-
tude smaller than the quantities of greenhouse gases to be monitored . The same is true
of the number of nuclear facilities in relation to the number of greenhouse gas emitters.

More suitable and more economical measuring systems for the continuous detection and
balancing of greenhouse gas emissions could undoubtedly be developed if politically
necessary . However, this should not be done without considering the verification suit-
ability of the emission sectors . Neither large-area greenhouse gas emissions (land use,
deforestation) nor emissions from small, mobile sources (ruminants), nor leakages from
pipelines can be measured and balanced. Although this is not so generally true of the
traffic sector, households, industry and in particular power stations, which as point
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sources display a (more or less favourable) verification suitability. Nevertheless, with
respect to these sectors it must be remembered that it is possible to calculate greenhouse
emissions, above all CO , with a precision which, is hardly worse and may indeed be
comparable to measured results . Furthermore, the efforts required for emission calcu-
lations are considerably lower.

Although the possibility of using measuring systems for balancing purposes is largely
ruled out by the poor verification suitability of most emission sectors, nevertheless this
does not invalidate the need for the further development of .measuring techniques. On
the contrary, one of the important tasks of scientific and technical research and devel-
opment would be to provide methods and apparatus for the continuous measurement
and balancing of greenhouse gas emissions . Even if they cannot be applied to draw up
emission balances, it is by all means conceivable that they may be used for random
measurements in order to improve the quality and precision of methods for emission
calculation, which is of great significance in a greenhouse gas verification system .

Our proposals, taking into consideration the verification suitability of the emission sec-
tors and the verification capability, therefore aim at national declaration systems and an
international verification system which can largely dispense with measuring systems. The
elements of the convention and the international verification system, as well as the as-
sessment of its effectiveness for the most important greenhouse gases are summarized in
the synopsis (at the end of this text) . The core elements of the national declaration

systems and international verification system are äs follows :

"

	

Calculation and declaration of energy consumption and the associated CO2 emis-

sions by the national authorities and verification of these declarations by the Inter-

national Authority by means of audits and other methods verifying the plausibility

and reliability of the data .

Use of space-based (and other) global remote sensing systems to monitor forests,

deforestation and, if possible, infrastructural and land-use activities by member

states in order to verify agreed assurances concerning forest protection, reforestation

etc . .

"

	

Studies, audits and procedural verification in the sectors where emissions cannot be

either precisely calculated or monitored by means of remote sensing (parts of the

energy sector, agriculture, waste disposal sites). A very qualitative verification sys-

tem is also proposed for these cases.
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ciency, changing the energy mix and other measures for reducing the emission of

greenhouse gases .

A verification system for CO2 emissions from the commercial energy sector, if it follows

the proposals in Section 3.2 ., would seem to us to be comparatively simple and economic

to establish . It would be possible to demonstrate the feasibility of a verification system

in the commercial energy sector without the demands made on detection probability for

treaty violations having to be very high in the first place . If, for example, deviations from
the calculated CO2 emissions from the energy sector of up to 10% are possible then it

would be meaningful to have as a goal the detection of deviations of more than 10% .

In view of such imprecisions, the value of a verification would initially rather be found

in making data sets on energy consumption, the C contents of fossil energy carriers etc .
more precise and complete thus enabling an international comparison but not necessar-
ily a verification of contractual fidelity . The International Organization can take this as
a starting point and gradually extend and intensify the verification system : extension by
including other greenhouse gases in the verification system and intensification by im-
proved provision and checking of information with gradually increasing verification de-
mands.

In establishing a verification system, the policy makers must always weigh up the en-
visaged verification density on the one hand against national, and above all interna-
tional, acceptance of a dense verification system on the other . In must also be kept in
mind that any verification only applies to those states which have acceded to a conven-
tion whereas non-participating states often enjoy the advantage of not being affected by
either the material provisions of a convention or by its verification regulations . For this
reason, universality of membership must be an essential goal of this policy and should
be achieved by both positive and negative incentives .
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Synopsis of Verification Problems
for Anthropogenic Greenhouse Gas Emissions

Greenhouse Emission Greenhouse Gas Convention Verification Methods Verification
Gases Sector Goal Reliability

reduction in C02-emissions examination of declared
energy and emission val-

by ues on the basis of an ex- tends to be high
" reduction of the use of tensive notification obli- (improvement

C0 22 energy~' fossil energy gation (primary energy, to the data
" replacement of fossil en- final energy and conver- base)

ergy carriers by non- sion losses, imports, ex-
fossil energy carriers ports, bunkers, C con-

tents, conversion factors)
high

" reduction of satellite remote sensing (large-scale
CO2, forest / land deforestation / burning combined with air and clearances)
CH , utilization / off forest areas / ground. monitoring; to increasing
N2Ö energy biomass combustion obligation to prepare re- (non-

reforestation ports an non-commercial commercial en-
energy use and audits (?) ergy use, selec-

tive tree felling)
" development of agro-

industial methods to re-
duce emissions studies on agricultural not yet"
reduction of the use of structure and policy ; definable,

CH fertilizers in some re- auditing of data on agri- but probably,
N2 agriculture gions (?) cultural production and varying de-

" replacement of use of fertilizers ; pending on the
CH IN O-intensive satellite remote sensing measure in

4 2products by other for areal changes question
foodstuffs (?

verification of agreed
minimum standards on

" reduction of emissions natural gas use / flaring
CH4 energy from the coal, mineral as well as minimum not yet

oil and natural gas in- standards on the technical definable
dustries safety of pipelines etc.

(implementation studies,
procedural verification)

" emission reduction

CH4 waste dis- (burning off etc.) (?)
" decrease in waste dis- implementation studies, not yet

posal sites posal sites
in part remote sensing (?) definable

(recycling ?)
extensive obligation to
make reports
(notification of pro-

CFCs industryry " reduction
" production ban

duction quantities, lo-
cations, periods, imports tends to be high
and exports) ;
verification of reports ;
on-site inspections


