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The processes countries use to revise their Nationally Determined Contributions (NDCs) under the UNFCCC's Paris Agreement will be key to ensure that their pledges lead to effective climate change policy. In many developing countries, the agriculture, forestry and other land use (AFOLU) sector is central to their NDCs. For this study, a marginal abatement cost (MAC) curve was used to review Vietnam's mitigation pledges pertaining to the AFOLU sector. We conclude that Vietnam has the potential to increase its NDC pledges, especially in the land use sector and through negative cost mitigation measures including water techniques for rice cultivation, agroforestry, and management of livestock diets and manure. While the MAC curve alone is insufficient to prioritize policy options, this study highlights the fundamental importance of continuous data improvement and refinement for monitoring NDC actions and ultimately achieving the goals set out in the Paris Agreement.
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INTRODUCTION

The UNFCCC Paris Agreement aims to limit global mean temperatures to 2°C above preindustrial levels and if possible, to 1.5°C. In preparation for the Agreement, 192 countries submitted their Intended Nationally Determined Contributions (INDCs) to reduce global emissions of greenhouse gases. These INDCs became Nationally Determined Contributions (NDCs) when each country ratified the Agreement.

Countries have taken various approaches in designing their NDCs. Some set absolute targets for reducing emissions, while others set targets below forecasted business as usual (BAU) scenarios or by emission intensity (Briner and Moarif, 2016). The NDC system was designed as a bottom-up process based on self-determination and trust in collective action (Deprez et al., 2015). The NDCs therefore reflected both differing emphasis between sectors and differing levels of specificity of mitigation actions. The Agreement also foresees that countries will upgrade their NDCs and make stronger pledges toward its long-term goals (Deprez et al., 2015; Höhne et al., 2017). NDCs are expected to be updated every 5 years starting in 2025, however, countries can increase their pledged contributions at any time.

Before 2020, countries will receive feedback and suggestions generated with the talanoa dialogue1 to improve their NDCs (UNFCCC, 2015; Höhne et al., 2017). However, this process faces certain challenges, such as the limited data available on costs, benefits, and the mitigation potential of different options. These challenges are particularly acute for the agriculture, forestry and other land use (AFOLU2) sector3 (Kunreuther et al., 2014), where an iterative refining process of available mitigation options and their consequences is fundamental to ensure the overall success of the Paris Agreement. This study highlights the importance of such a process, especially in developing countries, and showcases Vietnam as an example of the benefits of refining NDC mitigation commitments.

Vietnam's NDC included specific mitigation targets and actions for its AFOLU sector. However, due to data and time limitations to finalize INDCs, the country's NDC revision process4 could still benefit from further refinement of marginal abatement costs and potential estimates. It could also expand and disaggregate the total number of mitigation options initially included in the INDCs. More disaggregated options represent better the heterogeneity within the sector and support the translation of findings into practical farm advice (Eory et al., 2018). In this paper, we review the abatement options from Vietnam's NDC as well as other options using the marginal abatement cost (MAC) curve methodology.

The MAC curve is a tool used to evaluate mitigation policies and has been adopted by the IPCC, UN agencies and the World Bank (Yang et al., 2017). MAC curves “intuitively show the relationship between the marginal costs and carbon mitigation potential of emission reduction measures” (Yang et al., 2017). Many countries used MAC curves to support and prioritize mitigation options in their NDC's (USAID, 2016). Nevertheless, the assumptions behind the data and the quality of data used to produce the mitigation commitments in the NDCs are not always clear (USAID, 2016). Mitigation measures in the AFOLU sector can also give socio-economic, health, and environmental benefits, which are both difficult evaluate (Smith et al., 2014), and are not considered in the MAC curve.

The AFOLU sector emitted ~24% of global anthropogenic GHGs in 2010 (Edenhofer et al., 2014) and often contributes a substantial share of national emissions in developing countries (Smith et al., 2014). The AFOLU sector must therefore be thoroughly considered to achieve national targets as “excluding agricultural emissions from mitigation targets will increase the cost of mitigation in other sectors or reduce the feasibility of meeting the 2°C limit” (Wollenberg et al., 2016). The AFOLU sector is also a key component in carbon sequestration to limit global warming to 1.5–2°C (Griscom et al., 2017; IPCC, 2018).

Recent literature has provided better insights into the marginal costs of abatement and potentials of agriculture (Grosjean et al., 2018), but has been focused on developed countries. There are fewer analyses of mitigation costs and potential for the AFOLU sector in developing countries and the data are often hard to find. It is therefore difficult for many countries to define feasible goals for the AFOLU sector. This paper contributes to address that gap, using Vietnam as a case study. As current NDCs are insufficient to keep global warming below 2°C in the long term (UNFCCC, 2015; Rogelj et al., 2016; Schleussner et al., 2016; Robiou du Pont et al., 2017), reviewing the mitigation cost and potential, like this study does, is fundamental to increase the effectiveness of mitigation policy and the transparency of NDC under the Paris Agreement Framework.

Vietnam: GHG Profile

The Socialist Republic of Vietnam has a population of 92 million and a fast-growing economy that has outpaced the world average for the last 20 years (O'neill, 2011). It is part of Southeast Asia, a region that is an important emitter of GHGs yet has considerable mitigation potential (Asian Development Bank, 2009). Vietnam's agriculture sector is a source of GHG emissions while its land use sector has net negative emissions (MONRE, 2014).

According to Vietnam's NDC, in 2010, total national emissions amounted to 246.8 Mt CO2eq. By 2020 this figure is estimated to grow to 474.1 Mt CO2eq and will reach 787.4 Mt CO2eq by 2030 under the BAU scenario. The emission data by sector reveal a different trend however. In 1994, Vietnam's agricultural emissions equaled 52.4 Mt of CO2eq, whereas its Forestry and Other Land Use (FOLU) sector emitted 19.4 Mt of CO2eq. As of 2010, agriculture emitted 88.3 Mt CO2eq, or 35.8% of the total national emissions. In contrast, FOLU produced negative net emissions equivalent to 19.2 Mt of CO2eq (MONRE, 2014). Vietnam's NDC proposes quantitative goals for the different mitigation measures in the AFOLU sector. The NDC presents two mitigation scenarios: the unconditional contribution, which aims to reduce GHG emissions by 8% from BAU, and the conditional contribution5, which aims to reduce them by 25%.

Vietnam Compared With Other Southeast Asia6 (SEA) Nations

In comparison with other SEA nations, Vietnam is ranked third highest in terms of total GHG emissions7 after Indonesia and Thailand (Figure 1). Regarding agricultural emissions, Vietnam currently ranks fourth behind Indonesia, Thailand, and Myanmar, but in FOLU sectors, both Malaysia and the Philippines have greater fluxes of emission removals than Vietnam (WRI, 2017).
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FIGURE 1. Emissions from the different countries in Southeast Asia for 2017 (WRI, 2017).



AFOLU Sector in Vietnam's NDC

Under the BAU scenario in Vietnam, emissions from the agriculture sector, driven largely by enteric fermentation of livestock and agricultural soils (i.e., fertilizer use) will reach 109 Mt CO2eq by 2030, an increase of 24% from 2010. However, the NDC technical report on agriculture predicts that with foreign aid and the adoption of proactive mitigation measures, GHG emissions from agriculture could fall at least 5.8% and as much as 42% below BAU by 2030. There are currently 15 mitigation measures8 for agriculture listed in the NDC technical reports.

Net removals of GHGs by the FOLU sector is projected to increase to 45.3 Mt CO2eq per year (135%) by 2030. The change comes from simultaneous increased afforestation and decreased deforestation. Vietnam's mitigation commitments for the FOLU sector include an increase of almost 52% in GHG removals by 2030. However, with foreign aid, GHG removal potential reaches almost 145% by 2030. The NDC technical report for the FOLU sector list nine mitigation measures9.

METHODS

Using CO2eq to represent Vietnam's GHG balance and costs in constant 2016 U.S. dollars (USD) a MAC curve was constructed for this study to determine the mitigation options for the country's AFOLU sector. In order to improve the comparability of mitigation options, we harmonized data input whenever possible. The study analyzes the period 2020–2030, using the BAU scenario from Vietnam's NDC and emphasizing technological options for mitigation recommended for the AFOLU sector. In total, 41 mitigation measures were identified based on the NDC technical reports and supplemented by the opinions of national and international experts. Furthermore, the mitigation potential and economic costs were used to estimate cost effectiveness of each mitigation measure compared with the corresponding BAU practice (Table 1). Mitigation options were then ranked according to their potential cost effectiveness, noting the limitations and assumptions in their implementation, which could have affected the study's calculations.


Table 1. Goals for each mitigation option used in generating a MAC curve for Vietnam's AFOLU sector.
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Costs and Other Financial Data

A discount rate of 10%10 was used to calculate the net present value of the mitigation measures and an exchange rate of VND 22,000 for USD. We calculated incremental costs, including capital investment where relevant, for each mitigation measure as compared with the corresponding BAU scenario. We ignored hidden costs, such as transactional or environmental costs, which are difficult to estimate and for which there is few reliable data. We refined the cost estimates using financial data collected by international agricultural research institutes working in Vietnam11, together with relevant literature and expert opinions, and reviewed all potential options for mitigation available for Vietnam in the AFOLU sector without preconceived priorities. The sources of the financial data are listed in Table 1.

GHG Data

The information on available GHGs includes negative and positive fluxes from different activities and sources for each mitigation option. We converted CH4 and N2O into CO2eq by multiplying by 34 and 298, respectively (Myhre et al., 2013). The main sources of the GHG fluxes in the AFOLU sector were biomass, soil carbon, organic degradation, enteric fermentation and fertilizer. Emissions from energy production were excluded for the purpose of this study but all the information regarding GHG emissions, regardless of source, was made to be consistent across BAU scenarios and mitigation measures. In addition, the GHG emissions were cumulated across the whole period. We used online searches to identify published literature for the estimations of GHG fluxes. Where necessary, we supplemented these with default values from the IPCC guidelines for national GHG inventories from 2006 and the CoolFarmTool (CFT) model.

Mitigation Goals

It is worth noting that the mitigation measures analyzed do not achieve their targets (Table 1) immediately but reach them progressively, which reduces the total amount of mitigation in the short term. Moreover, most of the mitigation options that were assessed had no feasibility assessments on their adoption potential. The adoption target of each mitigation measure is therefore difficult to assess. Most mitigation goals are the commitments taken from Vietnam's NDC12, which were based on the aspirational goals of local experts documented in the NDC technical reports.

Calculation of Cost Effectiveness and Total Mitigation Potential

We calculated the incremental cost-effectiveness of each mitigation option by subtracting its economic fluxes from the economic fluxes of its BAU scenario equivalent. Total net value of i options during the jth year of the period (NVj) is given by:

[image: image]

Where m is the mitigation option, b is its BAU scenario, I is income and C is cost

Similarly, we calculated the changes in GHG fluxes of each mitigation option by subtracting the net fluxes of the option from the net fluxes of its BAU scenario. The total change in net fluxes of i options during the jth year of the period (NGj) in CO2eq is given by:

[image: image]

Where m is the mitigation option, b is its BAU scenario, E is emissions and A is absorptions.

We calculated both NV and NG on the basis of reference units, either area (ha) or per head for animal-based options, of which there are X units in year j. Total net value and total GHG fluxes of each mitigation option are therefore the their net values (NV) and (NG), multiplied by the number of reference units for each of the j years within the period (Xj). In the case of the financial fluxes, we calculated their NPV using a discount rate of 10%. The total net value (NPV) and total net GHG fluxes (NGT) are given by:
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Only options that generate positive NGT in the analysis were considered so that the total mitigation potential excludes options that have negative NGT. Cost-effectiveness (CE) of each mitigation option is given by:
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RESULTS

MAC Curve

We created the MAC curve (Figure 2) using 22 mitigation measures for agriculture and 19 for FOLU. The main results are summarized in Table 2. The cumulative mitigation potential from 2020 to 2030 of these 41 options is 405.3 Mt CO2eq (40.5 Mt CO2eq/year) of which FOLU contributes about 73%. This is comparable, for instance, to 51% of the total emissions projected for Vietnam by 2030 under the BAU scenario in country's NDC. The outcomes of BAU and future projections of the mitigation scenario in Vietnam's NDC are only detailed for 2020 and 2030 with no information for the years between. Therefore, we cannot provide a year-by-year comparison between the mitigation potential of the options used in this study and those from the mitigation scenario in Vietnam's NDC.
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FIGURE 2. Marginal abatement cost curve for the AFOLU sector in Vietnam.




Table 2. Mitigation potential and total costs for mitigation options in the AFOLU sector analyzed for possible inclusion in Vietnam's revised NDC.
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The least costly option is the intercropping of coffee and avocado at a marginal cost of -USD529.43/tCO2eq and total mitigation potential of 0.22 MtCO2eq, whereas the most expensive option is biochar in rice at a marginal cost of USD851/tCO2eq and a mitigation potential of 0.11 MtCO2eq. The difference between these two options amounts to USD1380.4/tCO2eq while the standard deviation within the options analyzed is USD215/tCO2eq. The option identified with the highest mitigation potential is rainforest protection 2 (i.e., tropical rainforest protected against acacia plantations driven deforestation) with 64.59 MtCO2eq. Sugarcane AS13 on the other hand, was found to be the option with the lowest mitigation potential at 0.07 MtCO2eq. The standard deviation of the mitigation potential within the options analyzed is 15.15 MtCO2eq.

The options analyzed can be grouped in five subgroups: agriculture, forestry and agroforestry, land use changes, livestock, and rice. Total mitigation potential and average marginal costs vary significantly between the different subgroups. Agriculture has a total mitigation potential of 12.31 MtCO2eq at an average marginal cost of USD156.25/tCO2eq. Forestry and agroforestry has a total mitigation potential of 20.23 MtCO2eq at an average marginal cost of -USD155.12/tCO2eq. Land use changes has a total mitigation potential of 282.14 MtCO2eq at an average marginal cost of USD40.58/tCO2eq. Livestock has a total mitigation potential of 33.94 MtCO2eq at an average marginal cost of -USD58.38/tCO2eq. Rice has a total mitigation potential of 56.61 MtCO2eq at an average marginal cost of USD130.05/tCO2eq.

Negative Marginal Cost14 of Options

In the MAC analysis there are 14 mitigation options whose marginal costs are negative. Their total mitigation potential is 83.8 MtCO2eq with an average marginal cost of USD89.01/tCO2eq but the total benefit of these options with negative marginal costs is equivalent to USD2.3 billion. These mitigation options include converting crops to agroforestry, alternate wetting drying (AWD) in rice, replacing urea fertilizer with ammonium sulfate and with manure and diet management in cattle and pigs. Converting bare land to commercial forestry also has negative marginal cost, but involves doubtful assumptions, which we address in the discussion.

Intercropping of coffee with avocado and durian has mitigation potentials of 0.22 MtCO2eq and 0.13 MtCO2eq, respectively with marginal costs of -USD529.43/tCO2eq and -USD234.65/tCO2eq. We also costed intercropping coffee with cassia, but its marginal cost was not negative (USD15.07/tCO2eq) within the 10-year timeframe we used. Agroforestry also gives ecosystem services (Lin, 2007; Shibu, 2009), which are not yet included in the analyses and could make them economically more attractive.

In livestock, feeding dairy cows with total mixed ration (TMR) has a mitigation potential of 2.63 MtCO2eq at a marginal cost of -USD130.73/tCO2eq for a total benefit of USD343M. Whereas, supplementing the diets of beef cattle has a mitigation potential of 1.67 MtCO2eq at a marginal cost of -USD101.9/tCO2eq, for a total benefit of -USD168M. Although the composting pig manure has a mitigation potential of 7.3 MtCO2eq at marginal cost of USD1.97/tCO2eq, there are important barriers in scaling this measure. Farmers have reported difficulties operating compost practices and limited demand for compost from farmers for crop production (Food Agriculture Organization, 2017).

AWD in the Mekong Delta has a mitigation potential of 25.27 MtCO2eq at a marginal cost of about USD23.7/tCO2eq. In the Red River Delta, the mitigation potential of AWD is comparable but the marginal cost is different at -USD17.6/tCO2eq. The fees applied to irrigation water affects the overall cost-effectiveness of AWD. If higher fees make water costly, AWD is more cost-effective which increases the likelihood of adoption among farmers.

Mitigation Options for FOLU

There are five options for mitigation related to avoiding deforestation but they are dependent on the type of forest and factors driving deforestation. The total mitigation potential of the five equates to 213 MtCO2eq with an average cost of USD19.8/tCO2eq. The cost-effectiveness of each option is determined by the profitability of the economic activities that drive land use change (e.g., shrimp farming, acacia plantations) and the carbon contained in the forest they replace (e.g., bamboo, rainforest). Forests also provide important ecosystem services, which are however rarely accounted for in MAC analyses (Kremen et al., 2000; Ricketts et al., 2004).

Because rainforests contain large amounts of carbon, the two options to protect them provide high mitigation potentials (123.9 MtCO2eq) at low cost (<USD3/tCO2eq). Protecting rainforest is cost effective, even when the drivers of deforestation are commercial plantations with high biomass. Another option with high mitigation potential (47.71 MtCO2eq) is mangrove protection, but the marginal costs are relatively high (USD23/tCO2eq). This is because the BAU scenario of deforested mangroves is shrimp farming, which is highly profitable. Nevertheless, there are multiple co-benefits of mangrove forest such coastal protection, reduced coastal erosion, and soil build up, which are not included in our analysis and could increase substantially the benefits of mangrove protection (Grosjean et al., 2016).

Mitigation Options in Agriculture

Replacing rice with maize could abate 0.62 MtCO2eq, but because rice is more profitable than maize, the replacement costs amount to USD388.2/tCO2eq. Replacing synthetic fertilizer with compost in sugarcane and maize is also costly, USD187.14/tCO2eq and USD129.8/tCO2eq, respectively, whereas applying biochar in maize and rice has an abatement potential of 0.17 and 0.11 MtCO2eq at a cost of USD749/tCO2eq and USD 851/tCO2eq. Finally, the management of rice straw has an abatement potential of 5.9 MtCO2eq but costs USD12.81/tCO2eq because it is more labor intensive. There are however low-cost mitigation options in agriculture such as minimum tillage in sugarcane, peanut and other crops, which can abate 1.52 MtCO2eq at a cost of USD1.88/tCO2eq.

DISCUSSION

Conceptual Limitations of the Mitigation Options in Vietnam's NDC

NDCs globally should be strengthened as countries respond to the limitations in their initial submissions (Keohane and Oppenheimer, 2016; Höhne et al., 2017). The technical report that informed Vietnam's NDC in the AFOLU sector had conceptual limitations that could affect the country's carbon accounting and the transparency of subsequent decisions. We therefore use a MAC curve to provide some examples in which Vietnam's NDC could be modified and strengthened.

Vietnam's NDC includes two mitigation options on forest protection, one that protects 1 Mha of forest using domestic resources and the other protecting of 2.2 Mha of forest with international support. Yet the BAU scenario shows no projected emissions due to deforestation nor degradation of 3.2 Mha of forest. As a result, these mitigation options are not additional to the BAU projections under UNFCCC reporting guidelines15. These measures (USD0.66/tCO2eq and USD0.70/tCO2eq) however represent 69.5% of the combined abatement potential calculated for the AFOLU sector in Vietnam's NDC. This shows that the BAU scenarios in Vietnam's NDC need further review.

Vietnam's NDC BAU describes a matrix of future land uses based on assumptions that need to be reassessed. When one land use category increases, another one simultaneously decreases as land is mostly a finite resource. Most of the expansion of agricultural land has been so far at the expenses of natural land like forest and grasslands. Vietnam's NDC projects that the land area used by agriculture and forested land will increase by 223,800 and 372,586 ha, respectively, and the area of unused land will decrease by 561,000 ha. It is not clear, however, what is included in the land classified as unused, nor what the properties are of its soil and vegetation, as it is a national administrative classification and not defined by the Aalde et al. (2006) guidelines (Aalde et al., 2006). These properties are essential to estimate the GHG trade-offs when land is converted to other uses. The 1.5 Mha of land classified as unused in the technical report of Vietnam's NDC does not appear to be either eroded land or land without vegetation cover (ESA CCI Land Cover, 2017).

Vietnam's NDC targets the adoption of improved cattle diets to the whole national herd, which is a strong assumption given the challenges often encountered in scaling technologies (Tarawali et al., 2011). Nevertheless, the cattle subsector will be key to reduce future growth of emissions, although lack of data can be a major limitation to guide decision-making. Vietnam's NDC foresees that emissions from cattle will grow 62% between 2010 and 2030. A recent analysis (Springmann et al., 2018) expects emissions from the cattle subsector to grow faster than the others in the agriculture sector and could represent 27% of total agriculture emissions by 2030.

Differences Between the MAC Curves and Important Assumptions for Decision Making

Comparing the MAC curve above (Figure 2) with the technical reports of Vietnam's NDC16, we draw several conclusions. First, Vietnam's NDC does not include agroforestry17, which we show has substantial potential for mitigation at negative or low marginal cost. Vietnam has a dynamic forestry sector (FAO, 2009) which could facilitate the implementation of agroforestry. We considered agroforestry only for the coffee sector due to data constraints, but it could likely be extended to other areas and therefore have a higher mitigation potential.

Secondly, we estimate the abatement potential of AWD in rice to be over five times greater than in the NDC. We also find that implementing AWD has a negative marginal cost of USD21.4/tCO2eq compared with a positive marginal cost of USD91/tCO2eq in the NDC technical report for agriculture. Our estimates are based on AWD being more profitable than conventional paddy rice. The overall net benefit of AWD adoption depends on the impacts of two opposing forces. On one hand, the costs of production can increase as a result of higher labor for manual weeding and herbicide expenditures (Kürschner and Henschel, 2010; Rahman, 2015). On the other hand, AWD can reduce water consumption by as much as 35% (Lampayan et al., 2015), which can decrease production costs either directly through water fees or indirectly through fuel costs to run irrigation pumps (Alam et al., 2009; Kürschner and Henschel, 2010; Karim et al., 2014). In our analysis, we considered only on-farm costs and ignored institutional and infrastructure costs, which may explain some of the difference compared with the NDC technical report. These can substantially affect the estimated cost-effectiveness of any mitigation option. We note that the costs used in the technical report of Vietnam's NDC are not explicitly defined.

We concluded that the cost-effectiveness of agricultural technologies such as managing crop residues or integrated crop management differ depending on the crop, technology, and region. Vietnam's NDC, however, estimates a positive marginal cost of USD30/tCO2eq for all crops although it is not clear what costs are included. We find for instance that the marginal cost of replacing urea fertilizer with ammonium sulphate in sugarcane and maize is negative, though more profitable in the case of sugarcane due to higher inputs of nitrogen. Also, we show differences of USD75.9/tCO2eq between residue management in rice and maize and USD57/tCO2eq between compost in sugarcane and maize. Likewise, we provide evidence that AWD in rice is more cost-effective in the Mekong Delta than in the Red River. As a result, aggregating data across crops or regions for a specific technology gives an unintended stimulus to one at the expense of the other. Further disaggregation of technologies, both for crops and geographical areas, is therefore necessary to improve decision-making.

The MAC curve of Vietnam's NDC and the one above (Figure 2) both agree that aggregated measures to protect forests have marginal costs less than USD3/tCO2eq and high abatement potential within the AFOLU sector. Nevertheless, there are differences when we disaggregate the data by type of forest and land use following deforestation. There are further differences in the cost-effectiveness of measures like mangrove protection. Vietnam's NDC estimates a marginal cost of USD0.95/tCO2eq compared with our estimate of USD23/tCO2eq, which uses a BAU scenario of profitable shrimp farming. It is therefore important to study other forest protection measures that integrate different types of managements and could impact the profitability of these mitigation options. Communal forest or sustainable integration of aquaculture and mangrove ecosystems could be interesting options (Klooster and Masera, 2000; Primavera, 2005). Nevertheless, the lack of data prevented us to integrate these measures into our MAC curve. It is worth highlighting that Vietnam has established a scheme for Payment for Forest Environmental Services (PFES). The way the PFES resources are integrated into the mitigation commitments and implementation could affect the cost-effectiveness of measures related to forest protection and restoration. Moreover, our data confirms that it is essential that the BAU scenario is as realistic as possible because of the large effect BAU scenario has on the marginal cost of the proposed option. We believe that to improve its NDC, Vietnam needs to refine its BAU scenarios of land uses changes further and to better define the forest categories included in the analysis. For interpreting the results and discrepancies between different MAC curves it is important to remember that the choice of input data is crucial. Our sources of input data are listed in Table 1 and might differ from the input data of the technical report the NDC of Vietnam is based on.

Limitations of MAC Curves for Decision Making Regarding Mitigation Policy

As applied here, MAC curves are used to assess the economic trade-offs required for a nation to reach a specific level of GHG emission. They contribute to understanding the complex balance between mitigating climate change and economic development and to putting priorities on mitigation options (Huang et al., 2016). They are not without limitations, however, and this requires caution in interpreting their results when they are used to inform decision-making.

The MAC curve is static, which makes it impossible to assess how applying one mitigation measure can affect the cost and mitigation potential of other mitigation measures (Kesicki and Strachan, 2011). Nor is it possible to take account of intertemporal and intersectoral interactions, which also can affect the cost and mitigation potential of other measures (Kesicki and Strachan, 2011). Another important challenge is to make sure that the data include all the cost of a mitigation measure, including hidden or transaction costs, such as technical and institutional barriers, which are seldom available (Garg et al., 2014).

The method applied to rank the data used to generate the MAC curves is important. We ranked measures from lower marginal cost-effectiveness to higher, but options with negative marginal cost-effectiveness may give irrational results 18 (Ward, 2014). Furthermore, MAC curves focus solely on the economic value of GHG fluxes and ignore environmental and socioeconomic factors, which can be relevant to making policy decisions. For example, they do not consider biodiversity, water use, economic equality (Kesicki and Ekins, 2012), or the array of ecosystem services that the AFOLU sector provides (Power, 2010). Failing to consider them can have detrimental effects. Other conceptual frameworks, like climate smart agriculture (CSA), have been proposed to guide agricultural development with consideration to other elements like adaptation to climate change (Lipper et al., 2014)19. As a result, a MAC curve can provide useful information to improve decision-making. However, it cannot be used as a standalone decision tool, particularly in the agriculture sector where building resilience and adapting to climate change is key.

CONCLUSIONS AND RECOMMENDATIONS

The revision process of national NDCs is crucial to reach the goals set under the Paris Agreement. It can also enhance decision-making and priority-setting regarding climate change policy. This study highlights the importance of constant data refinement regarding the mitigation options considered in the NDCs, with particular importance to those of developing countries and their AFOLU sectors, where data scarcity is more pronounced. This study found that Vietnam specifically could benefit from improved forestry data and refined BAU scenarios. Although the MAC curve did not rank forest protection and restoration as high priority because of their positive marginal cost, the study identified them as having the largest mitigation potential. Overall, better projections of BAU is important to improve the consistency of Vietnam's NDC.

In addition, the disaggregation of technologies shows important differences between the same technology applied to different crops. Further technological disaggregation should therefore take account of regional differences to improve climate change policy and the country's decision making. It is also important to perform a sensitivity analyses of dynamic variables such as fertilizers prices and labor to understand how the cost-effectiveness of different options might respond to different market conditions.

The study also highlights promising options with low positive or negative marginal cost, which could help Vietnam achieve its NDC commitments. Relevant technologies in agriculture such as AWD in rice have high abatement potential and, in the livestock sector, offer high abatement potential with low or negative marginal cost. Given current trends, the livestock subsector will play an important role in future emissions from Vietnam's AFOLU sector, with ruminants being the main emission source while limited feasible mitigation options currently exist. Finally, we show that agroforestry has a cost-effective mitigation potential that justifies consideration in Vietnam's NDC.
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FOOTNOTES

1Named for the Fijian custom for avoiding conflict in resolving disputes.

2Made up of the Agriculture subsector and the Forestry and Land Use sector.

3Emissions from agriculture depend on local soil, management and climate. The underlying processes are complex (Vermont and De Cara, 2010).

4The reviewing process in Vietnam it was already ongoing by the date this paper was written.

5In their NDCs developing countries usually identified separately targets that do not depend on foreign aid from more ambitious ones that do depend on international support.

6We define Southeast Asia as the region that includes Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam.

7Including Forest and Other Land Uses sector (FOLU).

8Vietnam's NDC mitigation agriculture options: Biogas, agricultural residues (I), agricultural residues (II), AWD (I), AWD (II), Biochar (I), Biochar (II), integrated management of rice, integrated management of crops, substitution of urea fertilizer, cattle diets, improve aquaculture, improve waste in aquaculture, food processing, and waste treatment and irrigation in coffee production. (I) means with national effort and (II) means with international support.

9Vietnam's NDC mitigation FOLU options: Protection of natural forest (I), protection natural forest (II), protection of coastal forest (I), protection of coastal (II), plantation of coastal forest, natural forest regeneration, natural forest assisted regeneration, plantation of production forest, and natural and production forest assisted regeneration.

10Other authors have also used a discount rate of 10% in similar studies in Vietnam (Nguyen and Ha-Duong, 2009).

11International Center for Tropical Agriculture (CIAT), International Rice Research Institute (IRRI), and Institute of Policy and Strategy for Agriculture and Rural Development (IPSARD).

12The abatement goal for coffee agroforestry, which is not included in Vietnam's NDC technical documents, is based on official goals for recuperating degraded plantations.

13AS stands for Ammonium Sulphate.

14Negative marginal cost is when a proposed option cost less than the current BAU practice.

15“Additionality is a determination of whether a proposed activity will produce some ‘extra good' in the future relative to a reference scenario” (Gillenwater, 2012).

16The cost-effectiveness analysis done for the AFOLU sector done in Vietnam to support the NDC can be found in the Supplementary Material.

17NDC are currently being revised however and agroforestry appears to be likely to be taken into consideration as of 15 Nov 2018. Our paper therefore provides additional supporting evidence to this decision-making process.

18Take a hypothetical example where there are two mitigation options each with the same negative marginal cost of USD1000. One of them mitigates 1 tCO2eq, while the other mitigates 1000 tCO2eq. The MAC curve would prioritize the one that mitigates the less because its cost effectiveness would be -USD1000/tCO2eq while the other that mitigates more would have a cost effectiveness of -USD1/tCO2eq.

19A table with adaptation benefits of the options studied can be found in the Supplementary Material.
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Coffee and avocado 0.22 -118.51 -529.4
Coffee and durian 0.13 —30.78 —284.7
Dairy TMR 263 —343.88 -130.6
Beef diet supplement 167 —168.96 -101.3
Rice into shrimp 6.54 -516.93 -79.1
Sugarcane AS 007 -2.76 —412
Rubber in bare land 527 ~135.53 —25.7
AWD mekong 1 12.63 —311.36 246
AWD mekong 2 12,63 ~288.96 —229
AWD red river 1 12,63 —233.22 -185
Maize AS 064 —11.78 —18.4
AWD red river 2 12,63 —213.62 ~16.9
Compost from pigs 731 —14.41 20
Acacia in bare land 881 -8.12 -09
Rain forest protection 1 59.41 975 02
Biogas from pigs 22.32 741 03
Rain forest restoration 2 803 11.63 14
Forest restoration 2 657 11.63 18
Low tillage (S & P) 152 287 1.9
Rain forest restoration 1 11.48 26.83 23
Rain forest protection 2 64.59 167.48 26
Forest restoration 1 939 26.83 29
Bamboo restoration 2 1.46 559 38
Bamboo restoration 1 522 26.83 51
Rice straw 597 72.74 12.2
Coffee and cassia 590 88.94 16.4
Rein forest restoration 2 528 105.10 19.9
Forest protection 1 3522 735.05 209
Mangrove protection 47.75 1102.63 234
Bamboo protection 1 637 333.20 523
Rein forest restoration 3 359 286.79 800
Forest restoration 3 873 752.17 862
Maize residues 055 48.47 83.1
Mangrove restoration 1 193 22155 1146
Mangrove restoration 2 193 246.51 1275
Maize compost 169 21943 129.8
Bamboo restoration 3 547 752.17 145.4
Sugarcane compost 052 97.99 187.1
Rice for maize 062 24061 388.3
Maize_Biochar 047 124.23 749.7
Rice_Biochar 0.1 92,68 851.0

Options are sorted in increasing order of abatement cost.
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Name in MAC curve
Acacia in bare land
AWD Mekong 1°

AWD Mekong 2
AWD red river 1
AWD red river 2
Bamboo protection 1

Bamboo restoration 1

Bamboo restoration 2

Bamboo restoration 3

Beef diet supplement

Biochar maize
Biochar rice
Biogas from pigs

Coffee and avocado
Coffee and cassia
Coffee and durian
Compost from pigs
Dairy TMR

Forest protection 1

Forest restoration 1

Forest restoration 2

Forest restoration 3

Low tillge (S & P)

Maize AS
Meaize compost

Maize residues
Mangrove protection

Mangrove restoration 1
Mangrove restoration 2
Rain forest protection 1
Rain forest protection 2
Rain forest restoration 1
Rain forest restoration 2
Rain forest restoration 3
Rain forest restoration 4

Rice transformed into
shrimp

Rice transformed into maize
Rice straw

Rubber in bare land
Sugarcane AS

Sugarcane compost

Goal®
75
375
375
375

375
50

126

40

100

1,400

100
100
5,700

68.5

91

685

2,028

136

100

125

80

100

50

100

100

250
100

20

20

100

100

125

80

100

100

100

100

250

75

100

Goal explanation

50% of the commitments® of plantation of large wood
production.

25% of the commitments of water management in rice.

25% of the commitments of water management inrice.
25% of the commitments of water management in rice.
25% of the commitments of water management in rice.
5% of the commitments of forest protection.

25% of commitments of the bare and unused land that
will be transformed

20% of the commitments of natural and production

forest regeneration

12.5% of the commitments in forest regeneration

10% increment i the users of this technology

50% of the commitments in biochar.
50% of the commitments in biochar.
20% increment in the users of this technology

30% of the goal of changing 30% of current coffee in

agroforestry

40% of the goal of changing 30% of current coffee in
agroforestry

30% of the goal of changing 30% of current coffee in
agroforestry

Double the number of current users of the technology
Increase the percentage of user of this technology from
5310 70%

10% of the commitments of forest protection.

25% of commitments of the bare and unused land that
will be transformed

40% of the commitments of natural forest regeneration.

12.5% of the commitments in forest regeneration

59% of commitments of integrated crop management

5% of the commitments of urea substitution.
5% of the commitments of urea substitution.

25% of commitments of integrated crop management
100% of commitments of coastal forest protection.

50% of commitments of coastal forest restoration.
60% of commitments of coastal forest restoration.
10% of the commitments of forest protection.

10% of the commitments of forest protection.

25% of commitments of the bare and unused land that

will be transformed
40% of the commitments of natural and production

forest regeneration.
12.5% of the commitments in forest regeneration

12.5% of the commitments in forest regeneration

50% of the projections of rice area reduction.

50% of the projections of rice area reduction.
25% of commitments of integrated crop management
50% of the commitments in plantation of large wood
production.

5% of the commitments of urea substitution.

5% of the commitments of urea substitution.

Mitigation logic

Acacia planted in bare land increases the carbon stocks
in the area.

Reduced methane production due to less water use in
AWD rice compared with conventional rice.

Transformation of bamboo forest into crops (maize and
cassava) prevented to avoid emission from deforestation.
Restore bamboo forest in bare land to increase the
amount of carbon sequestered per unit area.

Recover bamboo forest from degraded states to
increase the amount of carbon sequestration per urit
area.

Restore bamboo forest in current maize and cassava
fields increase the amount of carbon sequestration per
area, and decrease agriculture emissions

Supplement beef cattle decrease enteric fermentation
compare to no supplemented diets.

Applied biochar offsets NO emissions.

Applied biochar offsets N2O emissions.

Biogas decrease GHG coming from waste in pigs farm
compare to conventional waste management.
Agroforestry in coffee increase the amount of carbon
sequestration per area compare to monoculture coffee

Composting decrease GHG coming from conventional
waste management in pigs farm

Better diets in dairy cattle contributes to decrease enteric
fermentation

Prevent degradation of tropical and subtropical forest
due to agricultural crops (cassava and maize) prevents
the release of emissions.

Restore tropical and subtropical forest in bare land
increase the amount of carbon sequestration per area.
Restore tropical and subtropical forest from a degraded
state increase the amount of carbon sequestration per
area.

Restore tropical and subtropical forest in agricutural
crops (cassava and maize) increase the amount of
carbon sequestration per area.

Low tilage in agricultural can reduce emissions and help
to increase carbon sequestration compare to
conventional tilling.

Replacement of urea by ammonium sufate in maize
felds decrease nitrous oxide emissions.

Applying compost in maize fields increase carbon
sequestration compare to conventional soil management
Not burning residues in maize decrease emissions.
Prevent the change of mangroves into aquaculture
prevent emissions of GHG.

Recover mangrove in sandy in current aquaculture
increase the amount of carbon sequestration per area.
Recover mangrove in muddy in current aquaculture
increase the amount of carbon sequestration per area.
Prevent degradation of rainforest by to commercial
forestry (acacia) prevents the release of emissions.
Prevent degradation of rainforest by to commercial
forestry (acacia) prevents the release of emissions.
Restore rainforest in bare land increase the amount of
carbon sequestration per area.

Restore rainforest from a degraded state increase the
amount of carbon sequestration per area.

Restore rainforest in current commercial forestry (acacia)
increase the amount of carbon sequestration per area
Restore rainforest in current commercial forestry (rubber)
increase the amount of carbon sequestration per area.
Replace rice by aquacture reduce methane emission

Replace rice by maize reduce methane emission.

Reduce the straw incorporation can decrease methane
emissions compare to conventional straw management
Rubber planted in bare land increase the amount of
carbon sequestration per area.

Replace urea with ammonium sulfate in sugarcane fields
to decrease nitrous oxide emissions.

Applying compost in sugarcane fields to increase carbon
‘sequestration compared with conventional soil
management

Economic and GHG data source

Aalde et al., 2006; Sein and Mitiner, 2011

Sander et al., 2016; McKinley et al., 2018

Sander et al., 2016; McKinley et al., 2018
Sander et al., 2016; McKinley et al., 2018
Sander et al., 2016; McKinley et al., 2018
(Aalde et al., 2006; McNally et al., 2010; Lan
etal,, 2016, 2018), CFT model

Aalde et al., 2006; De Jong et al., 2006; Lan
etal, 2016

Aalde et al., 2006; De Jong et al., 2006; Lan
etal, 2016

(Aalde et al., 2006; De Jong et al., 2006; Lan
et al,, 2016, 2018) CFT model

(Food Agricuiture Organization, 2017), CFT
model

Zhang et al., 2012; Tran Van et al., 2018

Zhang et al., 2010; Tran Van et al., 2018

(Food Agriculture Organization, 2017), CFT
model

Dossa et al, 2008; Wibawa et al., 2010;
IPSARD, 2017

Dossa et al, 2008; Wibawa et al., 2010;
IPSARD, 2017

Dossa et al, 2008; Wibawa et al, 2010;
IPSARD, 2017

(Food Agriculture Organization, 2017), GFT
model

(Food Agricuture Organization, 2017), CFT
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