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ABSTRACT
Small scale tree farms have ecosystems functions similar with that of protected natural forests. They enhance biodiversity conservation, soil and water conservation, carbon sequestration and microclimate amelioration. Quantifying their ecosystem services is essential in the formulation of policies and strategies for the sustainable management of tree farms in the Philippines in general and in Leyte Island in particular. Thus this study was conducted to quantify the contribution of these tree farms in Leyte Island on carbon dioxide emission reduction. Results showed that the average emission reduction contributed by tree farms was 826.32CO2e per hectare reckoned from the upper tree biomass down to 1m depth of soil. With the emerging global carbon trading and payment for environmental services program, carbon payments for small scale tree farms could provide substantial economic benefits to smallholders. Calculation showed that it could generate income for smallholder tree farmers from €8263.20 up to €9915.84 per hectare based from the prevailing carbon price. While this is a very attractive and promising monetary figure, there are several trading impediments that smallholders would face. These include land tenure, complicated transaction, and high transaction cost among others. This paper hopes to provide vital information useful to the government, buyers and smallholders engaged in climate change mitigation initiatives, carbon trading, and tree farming. 
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INTRODUCTION
The Philippine forests provide enormous ecosystems services to various societies in the country. However, the unjustifiable pressure imposed on forests by various people has relentlessly damaged these ecosystems. Population pressure has gradually deprived people of the ecosystem services that they used to enjoy everyday as a result of forest depletion. The Philippines was once the leading tropical hardwood producer in 1975, but became a timber-importing nation in 1994 (Chiong-Javier 2001). Hence, the Philippine Government designed various programs to protect and conserve the remaining forest[footnoteRef:2]. The Community-Based Forest Management Program (CBFMP) introduced in 1995 in particular recognized the indispensable role of the local people in managing the remaining forest resources in the country. The recent scenario is a paradigm shift in the forestry sector from commercial-scale to small-scale, multiple-product-based, people-oriented, and community-based sustainable forest management (Mangaoang 2002). The establishment of tree farms by smallholders outside forest lands has also become an added solution in rehabilitating the degraded forest ecosystems in the country. While tree farms supply the timber requirements in local communities, they also provide ecosystems services. Thus, proper management of small-scale tree farms is essential for the conservation of the remaining natural forests, sustainable production of timber and generation of ecosystem services. [2:  These include the Integrated Social Forestry Program (ISFP), Upland Development Program (UDP), National Forestation Program (NFP), Forest Land Management Program (FLMP), Low Income Upland Communities Project (LIUCP), Community Forestry Program (CFP), Regional Resources Management Project (RRMP), Forestry Sector Project (FSP), and Community-Based Forest Management Program (CBFMP) (Harrison et al. 2005).] 

One of the ecosystems services provided by smallholder tree farms is the sequestration and storage of carbon dioxide (CO2). According to best scientific estimates, CO2 concentration will reach the equivalent of 560 parts per million (ppm) by the year 2030, which is double than the natural level (Lean et al. 1990). The recorded CO2 concentration in the atmosphere in 2005 was 379 ppm which exceeds by far the natural range of the last 650,000 years (180 to 300 ppm) and warming in the last 100 years has caused about a 0.74 °C increase in global average temperature. The best estimate for surface air warming for a ‘high scenario’ is 4.0 °C with a likely range of 2.4 to 6.4 °C (IPCC 2007). Protecting the remaining forest lands, reforestation of degraded lands and expanding tree farms are viewed to contribute in mitigating climate change through carbon sequestration and storage. However, how much carbon is sequestered and stored by small-scale tree farms per hectare remains undocumented in this part of the Philippines. Quantifying carbon in these farms is essential for their sustainable management and in preparation for the emerging global carbon trading hence this study was conducted. 

METHODOLOGY

Study Sites
The sites of this study were the four small-scale tree farms in Bato, Leyte Province, Philippines. Farm size ranged from ¼ to 5 hectares planted with mahogany (Swietenia macrophylla), yemane (Gmelina arborea) and rubber tree (Ficus elastica) with scattered undergrowth of few native tree species. The sites lie between 124050’ longitude and 10020’ latitude, having a climatic type IV with more or less evenly distributed rainfall throughout the year. On average, June to January are wet months while February to May are relatively dry. Average annual rainfall is 2500 mm while the average annual minimum temperature is 22.30C and maximum is 33.670C (PAGASA 2007).

Field and Laboratory Methods 
1a. Upperstorey Biomass Carbon 
A total of 12 (10 m x 10 m) purposive sampling plots were laid out within the study sites: 3 for each tree farm. Tree diameter at breast height (dbh), local names and scientific names were recorded.  The biomass of trees with at least a dbh of 10 cm and above was calculated using the allometric equation below (adopted from Brown, 1997):
    
  Y=exp [-2.134 + 2.530*ln (D)]       Where: Y=biomass per tree (kg)  D=diameter at breast ht. (cm)       		(equation 1)                                   
		
Carbon density was calculated by multiplying the biomass value with 45 percent.

1b. Understorey Biomass
A subplot measuring 2m x 2m was purposely laid out (nested) at the center within each main plot. All individual trees below 10 cm dbh as well as woody vegetation found within were harvested. Fresh weights of leaves, twigs, branches, and stems were determined and representative samples were separated for oven-drying.  
A kg of freshly cut and mixed stems, twigs, and branches and a kg of fresh leaves were obtained from the field for air-drying. After a week of air-drying, 100-g samples from each biomass group were obtained for oven-drying at constant temperature of 103 0C at the College of Forestry and Natural Resources, Visayas State University (CFNR, VSU). The oven-dried weight of the original biomass samples was then obtained through ratio and proportion. Carbon density was also calculated by multiplying the biomass value with 45%.

1c. Forest Litter Carbon
Forest litters were collected from the 1m x 1m subplots nested within the 2m x 2m understorey biomass sample plot. Collected litter samples were mixed together, fresh weights determined in the field, and representative 100g samples obtained for oven-drying at CFNR, VSU. The oven-dried weight of the original biomass samples was also obtained through ratio and proportion. Carbon density was calculated by multiplying the biomass value with 45%.

1d. Root Biomass  
Root biomass of the study was estimated using the mathematical model of Cairns et al. (1997) as shown below:
       	Root biomass = Exp [-1.0587 + 0.8836 ln (AGB)]        Where:  AGB= aboveground biomass	    	 (equation 2)
	 
1e. Soil Carbon 
The soil organic carbon was analyzed by obtaining soil samples within the 10-20 cm soil depth.  Soil bulk density (BD) was determined within the understorey biomass sample plot using the core sampling method.  The soil organic carbon (SOC) was analyzed through the Walkley-Black method and calculated using the equation below:

Total SOC (Mg ha -1) = %SOC x 1m x BD                      		                	 		(equation 3)

Opportunities and Challenges
Related information on opportunities and challenges was obtained through rigorous review of literature and based from the experiences of the authors. The emerging global carbon trading has become the focus of opportunities discussed in this article while the challenges are focused primarily on the smallholders’ conditions under the Philippine setting in relation to the emerging carbon trading. 

RESULTS AND DISCUSSION

A. Carbon Dioxide Equivalent (CO2e)

The average upper storey carbon density is 83.21 Mgha-1 with site two as the largest carbon pool. This is due to the large diameter trees found in the area. Site one has the highest under storey carbon for leaves since the site is dominated with small trees with small crowns, thus allowing much sunlight to pass through towards the ground layer enhancing the growth of some vines. On the other hand, site two had the highest carbon density for stems and twigs due to the presence of more woody undergrowth while site 4 had the highest floor litter due to the Swietenia trees, a deciduous plant with high litter fall during dry season. 


Table 1. Average carbon density within the study sites

	Carbon Pools
	Site 1
	Site 2
	Site 3
	Site 4
	Average 
(Mgha-1)

	Upper storey
	53.27
	136.33
	82.60
	60.63
	83.21

	Under storey
Leaves
Stem/twigs
	
5.2965
1.5000
	
2.6675
2.1975
	
3.9175
0.5828
	
2.7500
0.5828
	
      3.6579
1.2158

	Floor Litter
	5.2300
	5.8000
	7.4300
	9.9600
	7.1050

	Roots
	10.22
	22.75
	15.53
	11.75
	11.01

	Soil Carbon
	111.584
	139.750
	105.023
	112.180
	117.13



Carbon density of roots was determined as a function of the upper storey biomass using equation 2. Site 2 thus obtained the highest value in view of its high biomass content which is about 4.93% from the average carbon density of the four sites. Soil carbon of site 2 was also the highest since that tree farm was established in the early 1980s and more plant debris have already been added to the soil (Table 1). The average total carbon density for all sites was 223.33 Mg/ha and the carbon dioxide emission reduction (expressed as CO2 equivalent) due to the said tree farms is 826.32 CO2e. Though the result is smaller compared with the findings of Pasa (2007) from protected forest ecosystem in Midwestern Leyte, this is already a substantial contribution of smallholder tree farms in Leyte in climate change mitigation. Presently, more smallholders are planting trees on their farms for fuel wood and light construction materials due to the prohibition by law on the cutting trees from natural forests. In Southern Leyte alone, a total of 1,532 tree farms have been registered as of April 2009 with land area ranging from one-fourth to 5 hectares (CENRO Maasin, 2009). Hence, more tree farms are currently capturing carbon and more farmers would be potentially benefited by the emerging carbon trading.

B. Opportunities and Challenges
The concern to improve the socio-economic condition of the rural populace particularly the smallholders, however, still remains a challenging issue for the Philippine Government.  Despite the effort of the Philippine Government to improve the per capita income of the Filipinos, many are still within the poverty line. In the case of selected barangay in Baybay, Leyte, the mean annual income of small-scale farmers ranged only from PHP46,434 to PHP76,217 (Pasa 2006). In Leyte Province, average annual family income from 1994 to 2000 ranged only from PHP51,042 to PHP93,251 while the per capita poverty threshold for rural areas as of 2000 was PHP9,725 with a poverty rating of 47.6%. This implies that nearly half the people in rural areas of the province can be considered poor (Emtage and Suh 2005). Similar conditions could also be found in many rural areas in the Philippines. Adding value to their farm goods and services is viewed as an important element in enhancing socio-economic status of Philippine farmers (Aggangan and Faylon 2005). 
Another opportunity where farmers could increase their annual income is through some form of payment for the environmental services they provide, since vegetation in their small-scale tree farms, agroforestry farms and Community-Based Forest Management Projects undoubtedly sequester and store carbon, enhance biodiversity as well as conserve soil and water resources. At present, however, there is very limited information in the Philippines about rewards and rewarding approaches with reference to forest environmental services. This is particularly true in the case of carbon trading mechanism. Below are reviews by the authors about opportunities and challenges of carbon trading in the Philippines that might be of assistance to policymakers come up with more attainable, effective and beneficial carbon trading scheme in the Philippines.  

Carbon and PES
Rewarding − or as commonly known in South America − payment for environmental services (PES) is an emerging initiative in forestry and agroforestry development programs. For example, during the Global Event on Payment for Environmental Services in Lombok, Indonesia last January 22-27, 2007, Dr. Van Noordwijk of World Agroforestry Centre (ICRAF) Southeast Asia explained that they have a program for ‘Rewarding the Upland Poor for their Environmental Services (RUPES)’ which explores new ways of addressing poverty. During that same event, De los Angeles who was formerly the national coordinator of ICRAF-Philippines and was responsible for crafting RUPES added that the goal of the program is to enhance livelihood and resource security for the upland poor in Asia and maintain or enhance environmental functions. Opportunities exist for local farmers to maintain or restore local agro-ecosystem functions that protect watersheds, conserve biodiversity and sequester carbon. These include financial incentives and resource security that promote conservation. In addition, new market mechanisms that have the potential to reward the upland poor communities for effective and sustainable natural resources management, are emerging. These opportunities are supported by the global political commitment of halving poverty by 2015 (RUPES c2002).

Carbon Trading
Potential opportunities exist for smallholders to increase their annual income through forestry carbon trading. Calderon (c2002) pointed out that despite the uncertainties regarding the inclusion of carbon forestry projects under Clean Development Mechanism (CDM), many parties are already engaging in carbon forestry trading. While the price per ton of carbon varies, it is clear that substantial amounts of money are involved. In Australia, the Sydney Futures Exchange has already established a carbon credits trading market, and so far, many carbon emitters are already buying credits from forest growers (AAS n.d. cited by Calderon, c2002). In December 2006, the total Carbon Financial Instrument (CFI) volume traded on the Chicago Climate Exchange (CCX) platform was 10,272,400 metric tons (mt) of carbon dioxide while the European Climate Exchange traded 443,496,000 mt of carbon dioxide (CCX, 2006). Further developments on this aspect are expected after the COP 15 meeting in Copenhagen, Denmark on December 2009.

Challenges
There could be several impediments challenging carbon trading in the Philippines. The author however believes that the list below contains the most substantial information which policy makers should consider for a successful carbon trading in the country. 
1. Profitability 
Carbon as a commodity will be in the form of carbon emission reduction certificates that will be traded between the buying and selling parties. The price will be determined through the interaction of the parties involved. For the sellers, the main consideration will be how much it would cost them to establish and maintain the carbon offset project, as well as the foregone values or opportunity costs. The buyers, on the other hand, would be interested to buy the carbon credits only if these are cheaper than the cost of reducing emissions at source (Calderon, c2002). There is thus instability of carbon price per tCO2e. The CCX market 2006 report showed that price of carbon ranged only from $1.75 to $4.5 per tCO2e. A farmer in Claveria, Misamis Oriental, Philippines could earn in 120 days PHP30,000 or $640 per hectare. This means that in a year, a farmer would generate $1920 (assuming that a farmer would have three croppings per annum). If one has a hectare of land planted with Gmelina arboria ten years ago with 400 stems having an average diameter of 25 cm and average height of 20 meters, he would have an income of $3383.65 (assuming 45% of plant biomass is carbon with 15% carbon added from roots, leaves, branches and twigs at $4.5 per ton CO2e). But that was ten years of growing Gmelina. If the farmers in Claveria could earn more per hectare from corn instead of Gmelina after two years, why engage into carbon trading where the financial benefit is lesser. 
Recently, Capoor and Ambrosi (2007) of World Bank reported that carbon market grew in value to an estimated US$30 billion in 2006 (€23 billion), three times greater than the previous year. They also reported that carbon prices are getting higher (e.g. China, Russia, Ukraine and Bulgaria) though still volatile in some cases.  In fact carbon price last May 2009 was estimated at €12/tCO2e (New Carbon Finance 2009). This means that there is an increasing interest of the various stakeholders on carbon emission reduction projects. But if financial return is not promising particularly for the smallholders, carbon trading would remain unattractive to the latter. 
2. Complicated Transactions 
Generating funds from forestry carbon projects through the Afforestation/Reforestation Clean Development Mechanism (AR-CDM) under the Kyoto Protocol is an enormous task. In most cases, smallholders alone cannot solely accomplish the required documents. Doets (2007) elucidated that the Netherlands Development Organization (SNV) as an intermediary organization is helping farmers in Vietnam obtain benefits from forestry carbon through the AR-CDM. Their work now is in progress but despite their effort, many problems still exist including among others the inaccessibility and variability of spatial and land-use data necessary to develop AR-CDM Project (Doets, Son and Tam, 2006). In the Philippines, among the complicated processes which are difficult for smallholders to achieve (in view of their technical capabilities) are the detailed technical description of his/her proposed AR-CDM Project, the specification of greenhouse gases (GHG) whose emissions will be part of the proposed AR-CDM project activity, the description of the formulae used to estimate anthropogenic GHG removals by sinks as well as explanation how the net anthropogenic GHG removals by sinks are achieved by the proposed AR-CDM project[footnoteRef:3]. Accomplishing these tasks need a knowledgeable intermediary body.  [3: Source:  Draft Project Design Document Form for Afforestation/Reforestation Project in: Lasco et al. 2004. LULUCF Climate Change Mitigation Projects in the Philippines-A Primer. World Agroforestry Center. ] 

3. Absence of Clear Trading Schemes
A clear and transparent carbon trading scheme specifying the quantification method, price per tCO2e, payment scheme and harvesting modalities is necessary to attract smallholders. If established, there would be greater flexibility on the part of smallholders whether to join or not AR-CDM or any trading schemes. If profitable, wider source of timber for the wood industry would emerge as there would be more people interested to engage in tree farming. So, the basic question in line with it is the carbon price and payment scheme. Another question is the future utilization of trees once matured or should there be a designated regional market where the harvested timber (that passed through carbon trading) would be sold; would the tree farmer receive the total sales or would there be some percent deductions in view of the previous carbon trading transactions that those timbers had gone through?
4. Small Landholdings and Land Tenure 
While it has less hassle to process documents from a single, big land lord, it requires more effort to integrate varied aspirations and demands from the fragmented small-scale tree farm owners. This would likely discourage carbon buyers from negotiating the small land holders unless a unified and smooth agreement can be achieved. Besides, many small-scale farmers do not really own the land they are currently cultivating. The original owners would still dictate the land use system of the said land which might inhibit the tenants to participate the carbon trading scheme. 
5. Natural Calamities
       The implementation of clear and transparent carbon trading scheme in the country remains a great challenge for the Philippine government. This is made more complicated by the frequent calamities (particularly typhoon) that have cost so much for the government. If carbon trading schemes would be implemented, who should then bear the cost of re-establishing a certain tree farm which (assuming) was already paid for earlier and suddenly lost its carbon sequestration services after a tragic typhoon? Shall it be borne by the small-scale farmers who are at the very essence marginal? The Philippines is a typhoon-prone country and such issue needs critical considerations.
6. Trade Security and Stakeholders Participation
What would be the long-term effect of carbon trading to the small-scale farmers? It might be possible that there is a sudden change of policy in the future with substantial effect on carbon trading. In the past, the Philippine government implemented several forestry initiatives geared toward eradicating poverty in the rural communities but their success is less laudable. Thus, many rural poor became skeptical on any forestry initiatives of the government. Only when smallholders would find carbon trading beneficial that their real participation could be expected.  
7. Insufficient Information Dissemination 
The Philippines is taking a major and innovative step into a new renewable energy era with the signing of the first GHG reduction purchase agreement (ERPA) for wind farm project in the ASEAN Region under the CDM of the Kyoto Protocol (www.carbonfinance.org, 2007). The watershed rehabilitation project of Laguna de Bay is also a major and ground-breaking development in carbon trading in the Philippines with potential benefits for smallholders.  Recently the Industrial Forest Management Agreement (IFMA) project in Region 10 is a recipient of carbon payment from STEAG Coal-Powered Company in the same region. However, information on these developments has not reached the majority of smallholders.  There is still a need to disseminate that information so that necessary steps by the various stakeholders to obtain benefits from carbon trading could be undertaken.  

CONCLUSION 
Tree farms have substantial contribution in mitigating climate change and the potential to generate income through carbon sequestration. If the impediments would be addressed leading towards the establishment of a clear and transparent carbon trading mechanism, smallholders engaged in tree farming are expected to benefit from it. At present carbon trading is a complicated process, hence the intervention and support of the government and non-government organizations is crucial. Supporting smallholder tree farming and enhancing their knowledge on silvicultural systems is also essential to promote the rapid growth and development of trees in their farms. 
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