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Abstract: 

The reforestation of grasslands in developing countries is analyzed as one eligible project 

type under the CDM. Third World grasslands are discussed from the perspective of 

multidisciplinary biodiversity science. Three dual assessments of permanence, additionality 

and leakage are introduced for biodiversity-specialized carbon management. Similarly, six 

standardized project types are described. The new biodiversity benchmarks are also initially 

integrated into the Noss framework. To exemplify the current CDM rules, the paper 

examines the small-scale CDM project 2694. One result suggests that grassland ecosystems 

and their biodiversity could be conserved and restored as such under the CDM. 
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1. Introduction  

The reforestation of lands that are currently grasslands is one eligible project type of the clean 

development mechanism (CDM). In general, land cover having herbaceous plants with less than 10 

percent tree and shrub cover are defined as grasslands [1]. It must be remembered that grasslands cover 

a multitude of definitions with specific local legal connotations. A thorough explanation of the detailed 

grassland definitions is, however, excluded from the scope of this paper. Here the grassy ecosystems of 

developing countries are considered broadly because we assume this to be sufficient in clarifying the 

point of the paper. Grassland biodiversity and the new biodiversity concepts of the author are the 

research keys. The emphasis is on conversion of grasslands to CDM plantations since grassland 

biodiversity could receive added consideration in UNFCCC negotiations. The grasslands of developed 

countries are not included in the analysis. Insights and recommendations made here could to some 

extent be suitable for grassland management in developed countries and for the regulatory framework 

of joint implementation (JI). For example, it must be remembered that the relative lack of knowledge 

of grassland biodiversity is the current state of affairs in the EU and its member states [2]. Nonetheless, 

JI is not considered because an essential focus of the research is to make a small contribution to 

concretely improving the national capacity of developing countries to act as biodiversity-friendly host 

countries for CDM carbon sink projects. 

In terms of biotic diversity, why should grassy ecosystems that are about to be reforested be 

explored more thoroughly according to the current CDM rules?  One cogent reason is that the law 

should not ignore grassland biodiversity while decisions are made whether to reforest grassland 

ecosystems of the developing world under the clean development mechanism. The CDM’s dual aim of 

achieving cost-effectiveness and sustainable development imposes a legally-binding status on 

safeguarding biodiversity as a goal of an individual CDM project [3,4]. In practice, most CDM 

projects contribute little to sustainable development [4]. In particular, many CDM projects do not 

contribute much in terms of biodiversity conservation and enhancement. It is also a quite neglected 

fact that the role of grasslands is multifunctional and biologically diverse in developing countries [2,5]. 

Hence grassy ecosystems are frequently mentioned as significant wildlife habitats and vital refuges of 

biodiversity [1]. Recent scientific literature on carbon sequestration indicates that grasslands as such 

are also – without changing them into forests - a very large carbon sink at the world level [1,6]. In 

addition, the impacts of accelerated climate change on the dynamics and functioning of global 

grasslands are not yet sufficiently known [7]. However, there is no doubt that the grassy vegetation of 

the world is somehow affected by extreme climatic events [5,8-9]. One interesting topic in this respect 

is the climate change impacts on C3 and C4 plants [7]. In addition, Bond and Parr remark that the C4 

grassy biomes “are very recent biomes in earth history, but ancient ones in human history [10]”. On 

this basis, often the best environmental and risk-averse decision for grasslands under climate pressure 

could be the following: Permitting grasslands to remain as they are [11-13]. The traditional, sometimes 

enthusiastically embraced artificial reforestation as ecosystem transformation may not be the right or 

only possible answer to Third World grasslands, even if favoring trees at the expense of grass (as 

articulated by Bond and Parr) is almost a global trend nowadays [10]. With equal enthusiasm, it could 

be highlighted that the grassland picture of restoring natural capital is more complex. Grassland 

managers and grassland ecologists know and face that challenge [5,10,14]. It thus seems safe to state 
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here that this problem deserves more attention in a participatory manner – and more empirical research 

strongly emphasizing the issues mentioned above is also clearly necessary. The grasslands of the 

developing countries should not only be seen as simple targets for reforestations. For example, many 

biodiversity aspects of grasslands are still unknown [2,10]. 

To sum up the basic introductory argument of this paper: Conversion of grasslands to CDM 

plantations should not only be a way of making short-term economic or climatic use of the grassland 

biomes in developing countries by the developed countries. Some grassy biomes have persisted for 

millennia [10,15]. The CDM’s explicitly articulated aim of achieving carbon sequestration and 

biodiversity conservation should also be remembered in the context of Third World grasslands. In this 

regard, we state that biodiversity considerations could be incorporated into the conversion of 

grasslands to CDM plantations using the new concepts of biodiversity. If biodiversity considerations 

are taken into account during the project design phase of a CDM project, even CDM management 

decisions not to reforest certain grasslands planned for this purpose by a project developer could be 

made fairly and credibly. At the moment, a developing country should not be too eager to approve 

reforesting any piece of land available in that country by means of the current slightly deficient 

incentive structures of the clean development mechanism. As currently designed, the clean 

development mechanism developed under the Kyoto Protocol is somewhat questionable in terms of 

some carbon sink project types. However, it must be remembered that no law is perfect [16]. Still, tree 

planting does not work everywhere for the sake of nature. As a general example worth considering, 

economically feasible introduction of trees into existing Third World grasslands may occur as 

degrading actions for grassland ecosystems because reforestation could reduce native grassland 

biodiversity and the grassy portion of forest-grassland mosaics [10,17-20]. This would be a pity. For 

example, Cerezo et al. point out that habitat destruction caused by forest plantations is one of the 

greatest threats to the maintenance of biological diversity in the Neotropics [17]. 

In fact, from the biodiversity perspective the grasslands that are degraded are not often used for 

reforestations because the degraded lands as such are at a disadvantage financially [12]. The lands with 

continuous grassy cover are not fertile enough for plantation forestry in the previous case. This same 

problem as an analogy can be observed in dry forests that are not very attractive from a commercial 

logging point of view [21]. Furthermore, if trees do not grow well in poor soil (e.g. constrained by 

nitrogen or water), we could simply ask whether tree planting on such degraded land is appropriate in 

terms of carbon sequestration. Additionally, we could surely conclude that such reforestation activity 

on intact natural grassland – even if the soil is poor - could significantly reduce the unique biodiversity 

values of such a grassland ecosystem. Hence, we argue that the regulatory framework of the CDM 

should soon offer greater incentives to biodiversity-specialized carbon management of the grassland 

regions in developing countries, if some of the grasslands are to be reforested. Perhaps such unique 

incentives could even be offered which enable existing grass-dominated ecosystems to be conserved as 

such rather than be converted into forest plantations under the clean development mechanism. 

Expanding eligibility for LULUCF (land use, land-use change and forestry) projects is recommended 

by Kneteman and Green [4]. The quality of the CDM regulation should thus be improved from the 

perspective of multidisciplinary biodiversity. Creating opportunities to improve the quality of 

regulation is also one purpose of the theory of regulation [22]. What could be a clear and adequate 
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legal basis for creating desirable incentives for promoting biodiversity-specialized carbon management 

practices in the specific circumstances of developing countries? 

Related to the above-mentioned question, some scholars have argued that the forthcoming 

opportunities to increase the effectiveness of the CDM by modifying its legal structure should be used 

by the Parties [4]. In this particular paper, the legal characteristics of the CDM are assessed from the 

regulation theory perspective. The methodological framework for examining the appropriateness of the 

new biodiversity concepts and other initial ideas based on them as a legal improvement of the CDM 

also rests on regulation theory. Simply, we adopt the normative approach in this lightly narrative 

discussion [23-24]. In the context of Third World grasslands and the legal culture surrounding them, 

we ask which legal modifications to the above-mentioned de lege ferenda (“what the law ought to be”) 

recommendations for the CDM could be suitable from the point of view of biodiversity conservation 

and enhancement. Firstly, the clean development mechanism has for years recognized the benchmark 

concepts of permanence, additionality and leakage in regard to the carbon sequestration function of 

CDM projects. The benchmarks do not, however, constitute any real incentives or obligations to 

promote biodiversity-friendly carbon sequestration. This is especially odd because it is the host 

country’s prerogative to assess a project’s contribution to sustainable development [25].  

It would be fair in terms of international legislation that the developing countries gain further 

legal and harmonized advice to make assessments thoroughly in terms of biodiversity conservation and 

enhancement [4,26]. We observe that international legislation is often fragmented [27]. Still, the legal 

commitments related to biodiversity issues should be defined with sufficient clarity under the CDM. 

The legal confusion would otherwise be difficult to handle for many developing countries in respect to 

safeguarding national biodiversity within their borders. It is also essential to acknowledge that 

biodiversity loss and poverty are often positively correlated [11]. In this regard, it is quite promising to 

note that local community approaches to measuring biodiversity values at a project site could greatly 

contribute to employment in developing countries [21,28]. For instance, several grasses are very hard 

to precisely identify [10]. Local people with local ecological knowledge could be trained to become 

parataxonomists with special expertise [29-31]. Parataxonomists are resident, field-based, biodiversity 

inventory specialists [29-31]. In this regard, Zaloumis and Bond found in Indian grasslands 305 plant 

species inside 64 sampling plots of a radius of 5 meters [32]. This is just one auspicious example. 

Regarding the new parallel biodiversity benchmarks to be introduced here, the developing 

countries are nowadays much more receptive to a harmonized approach to different sustainable 

development issues [4]. Hence, it has been rather surprising that in international legislation the three 

parallel concepts for biodiversity conservation and enhancement have been absent from the CDM 

regulatory framework and its further legal drafting, because the CDM deals with the diverse grassland 

regions of the Third World countries. The legal message is not clear, unambiguous or coherent. In 

parenthesis, Mattei et al. use the term “legal message” in the article “Comparative Law and 

Economics” [26]. So, we again argue here that there could also be a parallel conceptual basis in terms 

of biodiversity for biodiversity-specialized carbon management practices under the CDM project 

framework in terms of biodiversity. We note that biodiversity-specialized carbon management refers to 

a new kind of carbon management including biodiversity aspects in carbon management decisions. 

This more holistic approach to providing an incentive and legal commitment to biodiversity-

specialized carbon management has the clear potential to be pareto improvement (“harms no one and 
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helps at least someone”) [33] as a regulatory update for the CDM because both empirical and 

theoretical work has found a variety of explicit linkages between changes in biodiversity and the way 

ecosystems function, for example, as carbon sinks [11,26,34].  However, this minor design flaw in the 

CDM should be corrected to some extent so that the CDM is in better accord with the precautionary 

principle [13]. Some fresh thinking, however, is required to achieve the proper construction of the 

biodiversity-friendly CDM regulation. We propose that meeting the parallel benchmarks of 

biodiversity permanence, biodiversity additionality and biodiversity leakage could be the conceptual 

basis for constructing biodiversity-specialized carbon management for the current CDM project 

framework. The biodiversity benchmarks could at least be used in an individual CDM host country. 

Biodiversity concepts as the new biodiversity benchmarks recommended for CDM activities will now 

be explained and developed further in the special context of Third World grasslands. 

2. Results and Discussion 

2.1. Three dual assessments as a legally binding basis for biodiversity-specialized carbon management 

in the CDM  

Firstly, we wish to explicitly articulate a simple multidisciplinary truth: “biomass is 

biodiversity and vice versa.” This scientific fact is not always understood comprehensively or 

considered at all. Hence, the new biodiversity concepts are a result of examining the current process of 

the legal establishment in respect to the climate change mitigation activities of the CDM that are based 

on carbon sequestration. It should be highlighted here that the simplicity of the recommended 

biodiversity concepts is one of their strengths. These concepts could be also demonstrated and 

assessed, at least to some extent, rather easily in the often poorly regulated conditions of a developing 

country. These three biodiversity benchmarks could be described conceptually as strongly interrelated 

and harmonized biodiversity criteria for CDM carbon sink projects. As legally binding parallel 

benchmarks, the biodiversity concepts could work as incentives to authorities and project developers to 

maintain and actively enhance biodiversity levels in and around the grasslands of developing countries 

regardless of whether those grassland biomes will be reforested under the CDM or the grasslands 

remain as they are. Safeguarding biodiversity is vital. Regarding to forest enhancement and the 

avoided degradation, Skutsch and Ba argue that both the forest enhancement and the avoided 

degradation should be credited in UN-REDD Programme in order to provide a greater incentive to 

participate in a crediting scheme [21]. 

For example, sustainable pastoral farming that avoids the over-use of intact grasslands better 

supports the traditional local economies of developing countries than pure reforestation activities. Here 

the legal commitment to the new biodiversity benchmarks could be the structural incentive for 

biodiversity conservation and enhancement currently lacking in the CDM [4]. It is frequently argued 

that such harmonized criteria create greater efficiency and therefore may lower costs [4]. Hence, 

regulatory development like this would be appropriate because improvements in efficiency are always 

desirable [26]. How could the new benchmarks be integrated into the existing ones? Figure 1 shows 

how the new biodiversity benchmarks could be quite naturally integrated into the current benchmark 

framework of the clean development mechanism related to the implementation of carbon sink projects 
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in developing countries. As a result, the legal basis for the dual assessments of permanence, 

additionality and leakage is clearly elaborated and grounded. The practical dimension of the new 

biodiversity benchmarks proves to be instrumental in incorporating biodiversity considerations into the 

conversion of grass-dominated systems to CDM plantations. In order to promote biodiversity-

specialized carbon management in grasslands, the grassy world should be considered thoroughly [10]. 

The new biodiversity benchmarks as helpful concepts could also orient and stimulate the process of 

acquiring and comprehending biodiversity knowledge and skills. Hence, project participants could 

consider their reforestation activities in an integrated way. In regard to Figure 1, the three dual 

assessments described as a coherent benchmark framework should be understood in the project design 

phase by the project participants so that it must always guarantee that a proposed CDM carbon sink 

project does not lead to non-permanence in terms of both carbon sequestration and biodiversity. This 

dual analysis of permanence as the first priority should be the first, and sometimes only, project step in 

terms of benchmark analyses made by the project participants. The dual assessments could be carried 

out in three consecutive cycles, as expressed in Figure 1. 

If a CDM carbon sink project leads to biodiversity non-permanence, it should not be 

implemented at all. A CDM carbon sink project that has satisfied the dual assessment of permanence in 

a project design phase should be thoroughly analyzed in regard to whether it contributes to both carbon 

additionality and biodiversity additionality. For instance, a sufficient reforestation project could lead to 

definite positive carbon additionality without harming or enhancing locally important biodiversity 

values from genes to landscapes (see the project type Tertius in Table 1). Finally, biodiversity leakage 

should be anticipated, at least to some extent, in the project design phase. We note that there is a clear 

economic rationale for assessing biodiversity leakage. For example, the main objective of the polluter-

pays principle is the internalization of environmental externalities because negative externalities 

caused by the use of resources lead to inefficiency [13,22]. Hence, possible negative impacts on 

biodiversity outside the project’s boundaries (pernicious biodiversity leakage) should be thoroughly 

analyzed in the project design phase and prevented as best as possible during project implementation. 

The dual assessment of leakage should be considered as the number three priority from the perspective 

of these three dual assessments. Above all, the dual assessments of permanence and additionality 

should be made successfully. 
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Figure 1. Biodiversity-specialized carbon management based on three dual assessments. 

 

2.2. Biodiversity permanence, biodiversity additionality, biodiversity leakage 

The concept of biodiversity permanence is explained here. Biodiversity permanence is mainly a 

temporal concept. Safeguarding biodiversity should be permanent and monitored on a regular basis, at 

least in decadal time scales. Correspondingly, if the biodiversity level is reduced at and/or outside a 

project site during the project period, biodiversity non-permanence occurs and even an initially 

promising carbon sink project on previously grassy vegetation could rapidly become a degraded 

ecosystem from perspective of biodiversity. Such biodiversity damaging CDM projects could simply 

be excluded from eligible project implementation. For example, reforestation of open grassland biomes 

could close off important migration routes or simply reduce grassland habitat availability. Hence, 

many scholars state that forests are often invaders of grasslands rather than the reverse [4,35-36]. We 

argue that improved temporal monitoring of biotic diversity is needed for CDM carbon sink projects 

implemented in developing countries. In this regard, the concept of biodiversity permanence (and the 

other two biodiversity concepts as well) could be seen as concrete capacity-building for improving the 

capability of local communities themselves to make biodiversity measurements. Local communities 

are already used for carbon stock assessments, and we argue that it may even be easier to train local 

communities to make biodiversity assessments than carbon stock assessments because different species 

of plants and animals, for example, are often well-known in traditional local communities in 

developing countries [21]. In addition, Skutsch and Ba indicate that the cost of carbon measurement is 

low by trained local communities [21]. 

We now turn to the fruitful concept of biodiversity additionality. Biodiversity additionality 

refers to the enhancement level of the biodiversity values at and outside a project site. For example, 

recovering biological corridors in grasslands by thorough selection of appropriate species for this 

specific ecosystem type could lead to positive biodiversity additionality during a small-scale CDM 

carbon sink project activity. In that case, the rate of ecosystem recovery determines how biodiversity 
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additional is an individual project. Of the standardized project types, Primus and Secundus meet the 

criteria of positive biodiversity additionality. Those projects provide several benefits for biodiversity 

conservation. The biodiversity additionality rates of the above-mentioned project types are described in 

Table 1. From a project developer’s point of view, using the benchmark of biodiversity additionality 

means that the difference in the biodiversity level before (ex ante) and after (ex post) a project can be 

measured: The biodiversity basis of a CDM project should be known and the desired end point of the 

values achieved should also be calculated thoroughly in advance [37]. Here biodiversity measures 

could be related to abundance, species richness, diversity, growth or even biomass of the organisms 

present [11]. This particular biodiversity benchmark simply requires that the degree of biodiversity 

additionality is explicitly determined during the project cycle. In contrast, biodiversity non-

additionality can mean a biodiversity neutral (project type Tertius), risky (Quartus) or damaging 

project (Quintus and Sextus). More information of different standardized project types of biodiversity-

specialized carbon management is shown in Table 1. 

In regarding to the research challenges of multidisciplinary studies conducted in a global 

context, Professor Shaily Menon has also used the concept of biodiversity leakage in the context of 

informatics for biodiversity conservation and carbon sequestration, but we could not determine when 

the concept was first used by Menon. The Microsoft Word Document can be still found via Google 

using the search words “Shaily Menon biodiversity leakage” but exact bibliographical information is 

lacking. So, Menon’s use of the same concept has been greatly acknowledged here. Katja Karousakis 

has also used the concept of biodiversity leakage in the context of UN-REDD Programme in the 

OECD Environment Working Paper published in November 2009 [38]. Additionally, the concept of 

biodiversity leakage is discussed here [3]. Biodiversity leakage as an add-on concept concentrates on 

examining the biodiversity impacts outside the boundary of an A/R (i.e. afforestation/reforestation) 

CDM project activity. It could be formulated that biodiversity leakage goes further along the spatial 

line of both biodiversity permanence and biodiversity additionality. A CDM project that converts 

grassland to a tree plantation could very well achieve its carbon sequestration goals in a project 

location but at the same time lead to positive, neutral or negative biodiversity impacts outside a project 

site. In this regard, it should be ascertained whether the conversion of grasslands to CDM plantations 

affects biodiversity outside this kind of activity. For example, an interesting question in terms of biotic 

diversity is whether different species are able to disperse and survive in fragmented landscapes [17,39-

41].  

To sum up, biodiversity leakage is a two-dimensional concept. If the biodiversity level 

increases outside a project site, favorable biodiversity leakage will occur. For instance, indigenous 

animal and plant re-colonization in open vegetation could be speeded up if grassy habitats are 

surrounded by species-rich areas [2,42-44]. In contrast, if the biodiversity level is reduced outside a 

project site, pernicious biodiversity leakage will occur. For example, in appropriately regulated use of 

such different herbicides as glyphosate, imazapic and clethodim at a project site could lead to 

pernicious biodiversity leakage in a developing country if not properly used as a well-grounded forest 

management practice. For a more elaborate discussion on this issue, see Barnes [45]. Hence, it is 

extremely essential to identify and record the herbicide, pesticide and fertilizer types applied in order 

to analyze the risk of pernicious biodiversity leakage as a potential reason for future plant species loss 

ex cetera. The above-mentioned initial examples are just a few of the significant issues that should be 
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taken into account during the CDM project cycle. Similarly, fires are naturally beneficial to grassland 

biodiversity but destructive to trees sequestering carbon [10,46]. 

After summarizing the biodiversity concepts described above, we wish to propose from a 

theoretical point of view that the Noss framework for analyzing the attributes of biodiversity could be 

used to some extent in the context of the new biodiversity concepts [5,47]. The Noss framework 

includes the three sets of biodiversity attributes: compositional (i.e. landscape types, communities, 

species, populations, genes), structural (landscape patterns, habitat structure, population structure, 

genetic structure) and functional (landscape processes, interspecific interactions, ecosystem processes, 

demographic processes, genetic processes) [47]. How could these conceptual frames for biodiversity 

be useful, if combined, to analyze the biodiversity aspects of a CDM project? For example, incautious 

reforestation of species-rich grasslands could significantly alter the structural attributes of biodiversity, 

which could then lead to biodiversity non-permanence since biodiversity and herbaceous productivity 

decrease [5]. Taken together, the Noss framework of biodiversity attributes and the new biodiversity 

benchmarks recommended here could be integrated to the reasonable extent in a complementary way 

to monitor and manage biodiversity issues of carbon sink projects under the clean development 

mechanism. This integrated approach could offer away to synergistically structure and operationalize 

the biodiversity-specialized carbon management under the CDM.  

A possible sketch for integrating the Noss framework and the new biodiversity benchmarks is 

illustrated briefly in Figure 2. It could be useful and helpful for host countries of the clean 

development mechanism in finding practical methods to approach the basic ideas of these three 

biodiversity benchmarks. However, its optimal use level for purposes of an individual CDM project is 

not easy to determine. It is important to be realistic here: Compositional dimensions of biodiversity 

additionality are much easier and more affordable to identify than the functional dimensions of 

biodiversity additionality. Similarly, many functional dimensions of biodiversity leakage are 

practically impossible to determine at an individual project level because the monitoring costs will 

increase too sharply. Hence, the project participants should start at a relatively simple but generally 

agreed level. The participants could also have some operational flexibility as regulates in choosing 

how strictly they will monitor biodiversity impacts in a particular CDM project. Operational flexibility 

is defined as flexibility of regulates to choose the technical, organizational and other solutions for 

achieving regulatory objectives [48]. 
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Figure 2. A sketch for integrating the Noss framework and the new biodiversity benchmarks. 

 

2.3. When should a CDM project be implemented in the grasslands of developing countries? 

The foundations of biodiversity-specialized carbon management in conversion of grasslands to 

CDM plantations are shown in greater depth in Table 1 below. Six standardized CDM project types for 

biodiversity-specialized carbon sink activities are described in detail in the table. The biodiversity 

characteristics of the standardized project types differ from each other. Hence, the standardized project 

types are indicated by their Latin names: Primus, Secundus, Tertius, Quartus, Quintus and Sextus. 

These project types play an instrumental role in linking the criteria of the new biodiversity benchmarks 

with the carbon sequestration function of a CDM carbon sink project. Thus the biodiversity decision-

making table based on the benchmark analyses facilitates both supervision and enforcement in the 

challenging conditions of a developing country. In this sense, such a manageable approach helps to 

understand how thoroughly a CDM project could be assessed from the perspective of biodiversity.  

The prioritization and implementation decisions based on the standardized CDM project types 

explained here are valid only in the case of the already assured optimal carbon sequestration of a 

proposed CDM project. It is explicitly assumed here that carbon sequestration will effectively and 

optimally occur. A proposed CDM project should be desirable in terms of carbon sequestration before 

it is assessed according to the parallel benchmarks of biodiversity permanence, biodiversity 

additionality and biodiversity leakage. The above-mentioned initial requirement for the biodiversity 

assessment of a CDM project seems to be rational since the explicit and unquestioned main aim of the 

CDM has always been mitigation of climate change by reducing greenhouse gases from the 

atmosphere in developing countries. Hence, a CDM carbon sink project that will clearly contribute to 

carbon sequestration could be simultaneously analyzed through the biodiversity benchmarks, as 

summarized in Table 1. In this way project participants are aided in implementing such CDM projects 

that are explicitly in compliance with the dual aim of Article 12 of the clean development mechanism. 

↓ • landscape types 

↕ • communities 

↕ • species, populations 

↑ • genes 

↓ • landscape patterns 

↕ • habitat structure 

↕ • population structure 

↑ • genetic structure 

↓ • landscape processes 

↕ • ecosystem processes 

↕ • demographic processes 

↑ • genetic processes 

→ BIODIVERSITY      

     PERMANENCE 

→ BIODIVERSITY  

     ADDITIONALITY 

→ BIODIVERSITY  

     LEAKAGE 
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Theoretically, we conclude in law-and-economics terms that project type Primus is ideal as a 

pareto-optimal outcome, and Secundus is pareto improvement from the standpoint of Pareto 

efficiency. This efficiency concept is known as Pareto optimality: “A situation where it is no longer 

possible to reallocate resources in such a way that we can make one person better off, without at the 

same time making someone else worse off [13,49]”. They are considered positive in respect to biotic 

diversity. Similarly, Tertius means a biodiversity neutral project that could be implemented if such a 

project is desirable in general for a project developer and the Designated National Authority of the host 

country. Correspondingly, biodiversity-risky projects fall into project type Quartus and projects like 

that should not be implemented at all or without giving extra consideration to biodiversity issues 

before implementation. As a project type, Quintus is moderately damaging from the perspective of 

biodiversity. It has a detrimental impact on biota. Finally, Sextus represents a very apparent and strong 

biodiversity loss at and outside a project site. For instance, the introduction of non-native and rapidly 

spreading tree species could change grasslands into biodiversity-poor woody biomes because of a 

decrease in species richness. An elaborated discussion of grassland ecosystems has been given by 

White et al. [50]. In law-and-economics terms, project types Quintus and Sextus are clearly pareto 

inferior outcomes and they should not be implemented since they cause a decline in biodiversity. The 

negative effects on biodiversity should simply be prevented in advance. 

Table 1. Standardized CDM project types based on biodiversity benchmark analysis in the case 

of assured optimal carbon sequestration. 

 

PROJECT 

TYPE 
(in the case of 

assured optimal 

carbon sequestration) 

PRIMUS 
biodiversity

-friendly 

SECUNDUS 
biodiversity

-friendly 

TERTIUS 
biodiversity

-neutral 

QUARTUS 
biodiversity

-risky 

QUINTUS 
biodiversity 

damaging 

SEXTUS 
biodiversity 

damagíng 

BIODIVERSITY 

PERMANENCE 

 
     

achieved in a project 

area? 
YES YES YES UNCERTAIN YES NO 

achieved outside a 

project area? 
YES YES YES UNCERTAIN NO NO 

BIODIVERSITY 

ADDITIONALITY 
      

achieved in a project 

area? 
YES YES NO UNCERTAIN NO NO 

achieved outside a 

project area? 
YES NO NO UNCERTAIN NO NO 

BIODIVERSITY 

LEAKAGE 
      

favorable 

biodiversity leakage? 
YES NO NO UNCERTAIN NO NO 

pernicious 

biodiversity leakage? 
NO NO NO UNCERTAIN YES YES 

SHOULD YOU 

IMPLEMENT THE 

PROJECT? 

YES, 

 pareto 

optimal 

outcome 

YES,  
pareto 

improvement 

YES, if this 

project is 

desirable in 

general. 

NO (or with 

extra care of 

biodiversity 

aspects) 

NO, pareto 

inferior 

outcome 

NO, pareto 

inferior 

outcome 
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 3. Experimental Section 

The current state of CDM regulation is described best through an example. Here A/R CDM 

project 2694 Reforestation of croplands and grasslands in low income communities of Paraguari 

Department, Paraguay is briefly analyzed from the perspective of some aspects of multidisciplinary 

biodiversity. The registration date of project 2694 was 6 September 2009. The purpose of the project is 

to reforest croplands and grasslands under poor soil conditions [51]. As a project activity it is part of 

the land type (cropland and grassland) eligible for reforestation under the clean development 

mechanism. The analysis of this project is mainly based on the assessment of three official documents 

of the project: The project design document (CDM-PDD) submitted for validation, the validation 

report including all annexes, and the project methodology document. The crediting period of the 

project is 25
th

 July 2007 – 24
th

 July 2027. The host country is Paraguay and this small-scale 

reforestation project is implemented by the Annex I Party of Japan [51]. In addition, the methodology 

used is the AR-AMS0001 Ver. 4 “Simplified baseline and monitoring methodologies for small-scale 

afforestation and reforestation project activities under the clean development mechanism implemented 

on grasslands or croplands [52].” The exact methodology described above is based on Decision 

14/CP.10 [53-54]. In this case, impacts on biotic diversity are to some extent measured during the 

project cycle. It can, however, be noted that biodiversity impacts should be measured more thoroughly. 

On the other hand, due to purely legal fact, CDM rules do not require very thorough verification of the 

biodiversity impacts of a CDM project. Therefore, it is not a substantive fault of the participants of an 

individual project, if the project impacts are measured only to the extent required by CDM rules. At the 

field level, scientific assessments of the biodiversity outcomes of A/R CDM project 2694 could in the 

future be conducted in detail on a regular basis. We readily note that the fundamental empirical 

knowledge of biodiversity values at the department of Paraguari was measured twice prior to the forest 

establishment and maintenance of the project, in 2004 and 2008 [51]. The 2004 study was conducted 

more generally for the department of Paraguari, and the one in 2008 was carried out specifically for the 

site of the project. We state that such unprompted surveys are very good examples of the desirable 

CDM project practices performed by project participants in a host country. 

            The presence of rare or endangered species and their habitats were identified in detail during 

the two biodiversity surveys. Pteronura brasiliensis, Blastocerus dichotomus and Caiman latirostis 

were the endangered fauna species found at the department of Paraguari in 2004 [51]. The fauna 

species mentioned above were not observed within the project boundary in 2008. In 2008, the only 

endangered flora species of the department of Paraguari found at the project site were Cordia 

trichotoma and Tabebuia heptaphylla [51]. Hence, in this respect, A/R CDM project 2694 has the clear 

potential to be biodiversity-friendly during its entire project cycle. Still, it is a pity that most CDM 

projects planned for implementation have no similar helpful biodiversity assessment data from recent 

history.  In terms of the potential biodiversity success of CDM projects, it is essential that biodiversity 

assessments are explicitly included and also strictly required in monitoring of CDM projects. In this 

regard, unambiguous documentation and consistent arguments paying close attention to biodiversity 

could be provided in different official project documents and for the general public. For example, the 

conceptual setting of biodiversity benchmarks we have introduced could be used for providing such 

information. 
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A Letter of Approval from the host country’s DNA is currently one of the official CDM project 

documents on which the possible contributions to sustainable development must be clarified, at least to 

some limited extent before project implementation [4]. In this particular case, the Environmental 

Secretary of Paraguay (i.e. SEAM) as Designated National Authority has briefly declared that A/R 

CDM project 2694 will assist Paraguay in achieving sustainable development [55-56]. Hence, it is 

somewhat challenging to practically assess whether A/R CDM project 2694 causes any negative 

biodiversity impacts based on the Letter of Approval; it is difficult to certify from the biodiversity 

point of view that the project outcomes could not in any way be categorized as mismanagement of this 

particular grassy ecosystem. Conversely, the project design document gives a coherent and quite 

clearly referenced sketch of the anticipated biodiversity impacts of the actual project. The validation 

report also does the same [57]. The contents of these project documents are valuable because they all 

contribute to achieving the goal of the preventive principle [13]. Certain environmental threats should 

be prevented. In spite of this, we understand that little is currently required in the CDM rules in terms 

of biodiversity compared with the requirements of carbon sequestration. We, therefore, observe that 

such uncertainties related to monitoring the biodiversity impacts of an individual project could be 

critical to the health of the grassland ecosystem.  

           Which tree species are planted through A/R CDM project 2694? The main species selected were 

Eucalyptus grandis, Eucalyptus camaldulensis and Grevillea robusta [51]. The A/R CDM project 

2694 site is located in the ecological region of the Humid Chaco, and the project boundary of this 

small-scale project is comprised of 240 separate planting areas held by 167 land owners [57]. The 

Humid Chaco grasslands are characterized naturally by extensive palm savannas. Nevertheless, 52 % 

of the total project area is grasslands where the soil has deteriorated, for example, because of erosion 

[51]. Consequently, one crucial aim of project implementation was preventing erosion [7]. 

Approximately 70 trees were found within the project boundary before the actual tree planting [51]. It 

is interesting to note that local farmers had a chance to state their preferences in tree species [51]. In 

this respect, the key interest of the local farmers was wood production [57]. Grevillea robusta was, 

however, chosen to be planted by the local farmers because they wanted to grow this tree species 

simultaneously with such crops as cotton, corn and beans [51]. The project contributes to the recovery 

of native trees (Cordia trichotoma and Tabebuia heptaphylla) at the project site [51]. According to the 

facts of this case, the CDM project is the first of its kind as a very cooperative project focusing on rural 

development together with local small-scale farmers in Paraguay [51,57]. For instance, all farmers and 

their families will conduct weeding, thinning and harvesting during CDM forest maintenance [51]. All 

of this is desirable from the point of view of local development because A/R CDM project 2694 will 

be implemented without impairing the farming activities of the local people [51]. 

          This brief analysis shows that the project 2694 still has a possibility of improving project 

assessment in the coming years so that the ecological integrity of the region will be maintained or 

enhanced with even greater certainty in terms of biodiversity. For instance, the national biodiversity 

benefits of the project for Paraguay could be assessed and reported more thoroughly. For example, the 

project design document already states definitively that birds and other animals may benefit from the 

shaded places provided by the trees planted at the project site [51]. Obviously, there could also be 

additional anticipated biodiversity impacts reported by the project participants. A variety of 

biodiversity leakage (pernicious or favorable) could occur because of forest establishment and 
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maintenance of the project could be analyzed and made public. It should be remembered that this 

CDM project is implemented on a small scale and with Eucalyptus. Small-scale implementation 

always means that many project border areas are affected by the different individual reforestation 

plots. Additionally, the validation report of the project 2694 briefly confirms that the discussion 

occurring at an onsite visit concluded that the potential impacts of non-endemic species (Eucalyptus) 

are irrelevant [57]. In retrospect, we believe that this reported so-called irrelevance could have been 

explained in greater detail for the sake of transparency. Essentially, the term “irrelevant” is not always 

interpreted or discussed in different cultural contexts on equal terms, so some clarification would be 

greatly appreciated. The same holds for the text of the validation report, which concludes that “the 

environmental impacts are considered to be sufficiently described [51].” However, on the whole, A/R 

CDM project 2694 sets a good example for future CDM projects. We argue that this particular CDM 

project is proof of CDM’s success and potential. 

           It is satisfying environmentally to observe from the project design document of that neither 

synthetic fertilizer nor manure as a natural organic fertilizer was used during the project [51]. 

Fertilizers could cause pernicious biodiversity leakage. Furthermore, no machinery was used for soil 

preparation of the project site, which is located in low income communities [51]. In general, it is also a 

pity that current CDM rules do not require an official environmental impact assessment (EIA) to be 

undertaken if no significant negative impacts on the environment are expected to occur because of a 

project [57]. The validation report of project 2694 confirms that no significant negative impacts were 

identified. Thus, no EIA was requested, even in a less rigid format [57]. Eventually, the balance of 

environmental impacts was considered positive in the validation report of A/R CDM project 2694 [57]. 

Though reporting was somewhat shallow and vague due to the loosely drafted wording of the CDM 

rules. In this regard, it is also possible to note the argument of Faure et al. that highlights the fact that 

“complex and abstract regulations are unlikely to improve environmental morality [58].” 

            From the discussion above, we point out once again that it is slightly problematic from the 

point of view of legal certainty, if the significance of negative environmental impacts is defined and 

interpreted varyingly in different developing countries. Biodiversity-specialized carbon management 

requires exact biodiversity assessments in order to succeed properly in grasslands. As the project 

example introduced here has demonstrated, biodiversity impacts could be assessed more exhaustively 

to safeguard biodiversity enhancement and conservation in different developing countries than is 

presently the case in the clean development mechanism. For example, in South Africa afforestation is a 

major conservation threat to C4 grassland ecosystems [10]. Lack of economic incentives to conserve 

and restore grasslands as such is also the current rule in almost any developing country, be it Paraguay 

or elsewhere [16]. It is essential to remember here that too superficial a biodiversity assessment of 

CDM projects should not be the explicit outcome of current CDM rules since CDM projects are still 

legally determined by the stated dual aim of Article 12 of the Kyoto Protocol [59]. The discussion 

above can be summarized as follows: Much could be learned from the sound project practices of A/R 

CDM project 2694. Some progress in the present situation could also be found. 
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4. Conclusions  

We recommend applying the biodiversity concepts introduced here to facilitate biodiversity-

specialized carbon management in the grassland biomes of developing countries. We believe that in 

order to understand biodiversity issues in the context of grassy regions of developing countries under 

climate pressure easily explicable biodiversity concepts are required through which biodiversity 

monitoring under the CDM could in practice have a sufficient basis. Otherwise legal uncertainty will 

persist. A biodiversity-friendly modification of the CDM regulation would be a small but important 

step toward biodiversity-specialized carbon management. It should be understood that these 

biodiversity benchmarks do not entirely resolve the practical question of combining carbon 

sequestration and biodiversity goals under the CDM. Still we could argue that conceptualization of 

biodiversity-specialized carbon management is useful for host countries of the CDM since it provides 

increased legal certainty in respect to safeguarding biodiversity. These biodiversity benchmarks could 

be also made operational. For example, the conceptual setting for biodiversity-specialized carbon 

management could be regarded simply as a basis for discussing biodiversity aspects locally at the 

CDM field level. Theoretically, we emphasize that this kind of natural development to integrate 

biodiversity concerns into the CDM project activity decision-making process would also be desirable 

from the perspective of the continuity principle [22]. It seems to be an attractive but rather pragmatic 

option as a follow-up regulation to current CDM rules. 

Firstly, these biodiversity benchmarks could be used on a relatively small scale to determine 

how they work in practice and how they can be integrated into the current knowledge, capacities and 

skills about biodiversity [16]. Several small-scale CDM projects focusing on carbon sequestration 

could prove promising in this respect. For example, grassland studies currently ignore genetic diversity 

totally because this is difficult to determine [2]. This paper thus modestly proposes that these three 

dual CDM assessments could be created by applying the suggested biodiversity concepts as parallel 

benchmarks to the already implemented three benchmarks of carbon sequestration. The eligibility 

criteria of CDM projects could, however, be changed to make them more biodiversity-friendly. Hence, 

using these biodiversity benchmarks project developers and the DNAs of host countries would be 

better able to implement and carefully monitor biodiversity-friendly CDM projects in the grassy 

ecosystems of developing countries. In addition, biodiversity-specialized carbon management plans 

could be created locally in conjunction with local people. The biodiversity profile of the reforested 

grasslands could be coherently and regularly analyzed during a CDM carbon sink project activity. 

Such regulatory development would occur according to the polluter-pays principle: The project 

participants would be forced to consider the negative impacts on biodiversity which might be caused 

by participants in their decision-making during the project [13,60]. In this way the environmental costs 

related to loss of biodiversity could be internalized [13,16]. 

This paper clearly argues that harmonized CDM requirements for biodiversity conservation and 

enhancement in Third World grasslands and their possible transfer to CDM plantations by growing 

trees through reforestation could be based on new biodiversity concepts. It seems possible that the 

regulatory framework for biodiversity-specialized carbon management could be built into the CDM 

itself. In the previous section, we noted the many advantages that integrating biodiversity-specialized 

carbon management into conversion of grasslands to CDM plantations would bring. Biodiversity-
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friendly modification of CDM regulation could therefore be a new synthesizing regulatory goal which 

could be implemented to integrate biodiversity conservation and enhancement and improve CDM rules 

according to the general sustainable development criteria of the CDM. We note here that this explicitly 

formulated legal integration could also be accomplished and required at the level of a host country (i.e. 

the DNA level). For example, the ideas of this paper could be used in practice in Paraguay. From an 

economic perspective, it is also evident that new and greater financial incentives will be needed: It is 

becoming obvious that the existing investment opportunities associated with biodiversity-specialized 

carbon management are inadequate. More projects like A/R CDM project 2694 are needed to 

contribute to sustainable development in developing countries. 

In this sense, biodiversity performance-based incentive payments could be used to 

operationalize a reward system based on the new biodiversity concepts. In this way, implementation of 

a CDM project assessed to be in accord with the biodiversity requirements of the standardized Primus 

or Secundus project types, with the clear aim of increasing biodiversity, could be incentivized. In fact, 

we suggest that a new eligible CDM project category − a win-win solution in terms of combining 

carbon sequestration and biodiversity enhancement − could be ecological restoration of grassy 

ecosystems in developing countries. Ecological restoration of grasslands could lead to permanent 

carbon sequestration and large increases in unique biodiversity. The developing countries could 

endeavor to include this new project type in the CDM. 

At the moment, conservation and restoration of grassland biomes are ineligible as CDM project 

types due to UNFCCC rules. Although little attention has been paid to this particular legal issue, why 

has this kind of regulatory update to the CDM not been deemed important? One well-grounded answer 

is that grassy biomes have usually been considered to be anthropogenic artefacts [10]. Hence, 

grasslands have often been neglected as “degraded” lands and “secondary successional” stages by 

scientists, without a scientifically defensible basis [10]. For example, in Madagascar and Indonesia 

grasslands are considered degraded ecosystems in spite of the fact that there is evidence of both 

richness and specialization [10]. Bad press and political restraints are also parallel reasons 

[10,16,27,61]. Often the multifunctional role of Third World grasslands is ignored by much of the 

debate though there is no tenable empirical proof to support this simple argument [13]. This could be 

the reason that tree planting as forest expansion into grasslands has proceeded with only little 

opposition and enjoyed broad acceptance [10]. A critique of replacing Third World grasslands with far 

simpler ecosystems of carbon sequestering wood has been quite absent everywhere. The quality of the 

debates could be improved and progress in an anticipative direction, which is the latest development in 

effective and efficient environmental policy [13]. The above-mentioned narrow-minded thinking 

presented by some scientists is no longer so reasonable or necessary in terms of multidisciplinary 

biodiversity science. Simply put: Biomass is biodiversity and vice versa. 
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