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Abstract

Climate mitigation finance through carbon offsets is increasingly considered a tool
to improve land management and agricultural productivity in developing countries
while also promoting sustainable development and enhancing climate mitigation
and adaptation capacity. Under an offsets program, farmers or herders can adopt
certain management practices to minimize carbon loss from the soil and augment
carbon returns to the soil that earn carbon credits to be sold on a voluntary carbon
market. These management practices ideally improve soil fertility and productivity
as well as soil carbon stocks, thus providing farmers with additional revenue from
higher production and from carbon payments. Nepal’s agriculture and grazing lands
have strong potential for additional carbon sequestration. Despite potential benefits,
a soil carbon offsets project must address many challenging technical issues,
including additionality, permanence, leakage, measurement and monitoring.

The report is designed to help the Mountain Institute understand the tradeoffs of
developing a soil carbon offsets project. As the organization considers the potential
value of soil carbon offsets, it is imperative first consider the organizational
objectives of the project: is this project designed as development tool or as a means
of becoming an early actor for a novel but very risky funding source? While there
are more direct ways to support agriculture-based livelihoods in Nepal and
significant technical issues to resolve, an offsets project may offer valuable co-
benefits including improved crop productivity and food security.

To weight these tradeoffs, the report reviews soil carbon in agriculture and
rangeland systems, key concepts for offset development, possible carbon markets
and other funding sources and offers recommendations for best practices in
developing soil carbon offsets in Nepal. The Kenya Agricultural Carbon Project is
used as a case study for the tradeoffs of establishing a soil carbon offsets project.
The project demonstrates that participating farmers may gain valuable co-benefits
from increasing the pool of soil organic carbon, but program payments are expected
to be quite low.
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Introduction

Enhancing soil carbon sequestration in Nepal

Climate mitigation finance through offsets is considered by many, including the
United Nations Food and Agriculture Organization (FAO) and the World Bank, a
chance to improve land management and agricultural productivity in developing
countries while also promoting sustainable development and enhancing the
agricultural sector’s climate mitigation and adaptation potential.! The reality is far
more complicated. While there is strong potential for improved carbon
sequestration on agriculture and grazing lands in Nepal, any viable offsets project
must address many complex technical issues, from accurately measuring carbon
baselines to aggregating sequestration across the landscape.

Agricultural systems in many developing countries face the challenges of
agricultural intensification and expansion to marginal lands due to population
pressure. As agricultural soils are degraded, agricultural yields fall and small
farmers struggle to support their basic needs. Meanwhile, the impacts of global
climate change are rendering subsistence farming systems increasingly vulnerable
to both extreme weather events and gradual climactic shifts. These two trends are
putting pressure on small farmers across the world.

While these challenges grow, the international community is engaging on climate
change through the United Nations Framework Convention on Climate Change
(UNFCCC) and its annual Conferences of the Parties (COP) climate negotiations. In
recent years, there has been growing interest within the COP to support climate
mitigation, sustainable development and ecosystem protection in developing
countries. As part of this UN effort, offset mechanisms like the Clean Development
Mechanism (CDM) and Reducing Emissions from Deforestation and Forest
Degradation (REDD) have emerged. In these discussions, agricultural and grazing
land soil carbon has grown in prominence as a major carbon pool that can be
managed as a carbon sink as well as to improve agricultural productivity. If soil
carbon sequestration can meet both these objectives, it may be a useful tool to both
mitigate climate change and advance development goals.

In addition to participation in an offsets payment program, farmers can also gain co-
benefits from increasing the pool of soil organic carbon (SOC), including improved
production, enhanced water quality and reduced sedimentation.?2 Though it is
difficult to quantify, improved soil carbon sequestration in developing countries can
affect the global carbon flux since land use change and soil degradation in
developing countries both emit greenhouse gases.3

! Lipper etal., 2011.
2 Lal, 2004a.
3 Sitaula et al., 2004.



The Mountain Institute (TMI) is already working on forest carbon finance in eastern
Nepal through REDD+ pilots in [lam and Pancthar districts. This report offers
guidance on agricultural and grazing land offset development as a first step towards
considering the opportunity for carbon financing across the entire landscape.

Soil & Carbon

The aim of soil carbon sequestration projects at the most basic level is to retain
carbon in the soil and to return additional organic matter to the soil to enhance
carbon sequestration.* A basic understanding of the processes driving soil carbon
gains and losses is the first step in dealing with the question of soil carbon offsets.

Background on soil carbon

Terrestrial systems hold a tremendous amount of carbon globally. Soils contain
approximately 2,400 Petagrams (Pg) total, with about 1,500 Pg of organic carbon
and 750 Pg of inorganic carbon in the upper one meter of soil worldwide.> In fact,
the soil carbon pool is three times larger than the atmospheric carbon pool of 770
Pg and almost four times as large as the biotic pool of 610 Pg, nearly all of which is
plant biomass.67

The balance of gains and losses of carbon in the soil drives carbon content.? Soils can
enhance their carbon stock in two ways: by minimizing the loss of soil carbon and
by adding it to the system in the form of soil organic matter. In agricultural systems
these practices can add 5.5 to 6.0 Pg of carbon dioxide equivalent per year.?
Estimates of the economic potential for global agricultural carbon sequestration
ranges from 1.5 to 4.3 Pg carbon dioxide equivalent per year, depending on costs.10

The carbon cycle

Soils are dynamic systems with greenhouse gases exchanges between the
atmosphere and the land. The most significant agricultural contributions to the
global greenhouse gas cycle are carbon dioxide (CO2), methane (CH4) and nitrous
oxide (N20). Agricultural and grazing lands can serve as sinks or sources of
greenhouse gases depending on many factors, including how the lands are
managed.!!

4 Lal, 2004a.

5 Batjes, 1996; Lal, 2002.

6 Magdoff and Van Es, 2009.

7 Schuman et al., 2002; Lal, 2002.

8 Brady and Weil, 2002.

9 Olander et al., 2013.

10 Smith et al., 2007; Olander et al., 2013.
11 Smith et al., 2008



Figure 1. Simplified Carbon Cycle
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Soil basics

Soil is made up of mineral solids, water, air and organic matter.!? Organic matter
itself is comprised of fresh residue, living organisms (microorganisms like bacteria
and protozoa as well as larger organisms like insects and earthworms) and
decomposed residues.13 While there are 12 major soil orders found around the
world,'* good quality soils share certain characteristics: they are more productive,
less prone to runoff and erosion due to their ability to hold moisture and have good
tilth.15

Organic and inorganic soil carbon

Carbon in the soil comes in two main forms: organic carbon, including soil organic
matter and charcoal, and inorganic carbon.!® Increasing the amount of organic
matter in the soil is the key to enhancing soil carbon.” The largest amount of land-

12 Magdoff and Van Es, 2009.

13 Magdoff and Van Es, 2009.

14 Brady and Weil, 2002. For more on soil taxonomy, see Natural Resources Conservation Service.
(2013). Soil Taxonomy. http://soils.usda.gov/technical/classification /taxonomy/

15 Magdoff and Van Es, 2009.

16 Donovan, 2012.

17 Magdoff and Van Es, 2009; Donovan, 2012.




based carbon is in soil organic matter, which accounts for about four times as much
carbon as living plant matter.18 Soil organic matter, which typically contains 50 to
58% carbon by dry weight, is critical to soil enhancement because of its ability to
hold water and air that supports the productivity of plants and microbes. Soil
organic matter also forms soil aggregates that enhance the stability of the soil and
protect against erosion and weathering.1® When this report considers strategies for
enhancing soil carbon, it is referring to soil carbon found in soil organic matter.

Charcoal or biochar is another source of organic carbon, which is more stable
because it is resistant to microbial oxidization. It ranges from 50 to 95% carbon by
weight and is used as an amendment to the soil to enhance carbon sequestration in
the soil.20

Finally, inorganic soil carbon derives from organic carbon that has been fixed by
photosynthesis in mineralized forms like calcium carbonate or caliche.?! It is more
stable than organic carbon because it is not used as a source of food or fuel for
plants and microorganisms and generally changes at a slower rate.?2 However,
inorganic carbon does not have the same soil-enhancing qualities as organic
carbon.?3

Soil carbon fluxes in the soil

Carbon contained in soil organic matter aggrades in the soil through the return of
organic matter to the soil; it decreases with releases from soil disturbances. Both
natural processes and human management can alter the balance of carbon in the
soil. The potential for management changes to increase soil organic matter underlies
all offsets projects.

If additional carbon is returned to the agricultural or grazing land soil through
organic matter, then a farmer or herder is mitigating greenhouse gas emissions,
which can benefit the global climate system. Along with climate mitigation, higher
levels of soil organic carbon have potentially important benefits for overall soil
health that can result in higher yields for farmers.

Organic matter added to the soil to increase carbon content helps drive crucial soil
processes by providing energy and nutrients to the soil and facilitating soil
structure. First, soil organic matter provides the energy—in sugars and
carbohydrates—that allow organism activity to occur in the soil.?# Organic matter is
also a source of nutrients for plants. Soil organic matter also enhances soil structure,

18 Magdoff and Van Es, 2009.
19 Donovan, 2012.

20 Donovan, 2012.

21 Donovan, 2012.

22 Donovan, 2012.

23 Donovan, 2012.

24 Brady and Weil, 2002.



helping plants to root more deeply and for water to filter.2> Finally, soil organic
matter can protect plants from soil toxicity.26

Ecological and climactic impacts on soil carbon

Several ecological and climactic factors affect soil carbon content, including
temperature, moisture, vegetation, soil qualities and elevation. While all of these
factors are specific to the climate, site and soil characteristics of an area, there are
some generalizable rules of thumb.

First, soil organic content is generally higher at low temperatures. At lower
temperatures, plant growth tends to be higher than the rate of decomposition.
However, at roughly 25 degrees Celsius, the balance switches and the rate of
decomposition is higher. Holding vegetation, moisture and other factors constant,
average organic matter content generally increases two to three times for each 10
degree Celsius decline in mean annual temperature.?”

Moisture content is correlated with high organic content: holding other conditions
constant, organic matter is higher in moister soils. Soil organic matter also tends to
be higher in more productive soils with greater amounts of natural vegetation.

In terms of soil type, soils with more clay and silt are generally higher in carbon
content than sandy soils. Poorly drained soils also tend to accumulate higher levels
of organic matter.28 Finally, soil carbon content generally declines with higher
elevation.??

Management impacts on soil carbon

In addition to ecological and climactic factors, management factors influence the
accumulation of soil carbon in the soil. Most broadly, management practices that
return higher amounts of organic matter to the soil and minimize soil disturbance.
Table 1 reviews the basic management factors that influence gains or losses of soil
carbon in agricultural systems. Table 2 describes important drivers of soil carbon
accumulation and retention in grazing systems.

Three main processes drive loss of soil organic carbon: 1. Breakdown of aggregates
resulting in oxidation of soils that exposes carbon; 2. Leaching out of soil in the form
of dissolved organic carbon; and 3. Erosion from runoff or wind.3? Agriculture tends
to exacerbate all these processes on the land.

Soil cultivation is a major driver of the loss of soil carbon content. In Nepal,
deforestation for subsistence agriculture is common, so both initial conversion and

25 Lal, 2002.

26 Haynes and Mokolobate, 2001.
27 Brady and Weil, 2002.

28 Brady and Weil, 2002.

29 Dahal and Bajracharya, 2010.
30 Lal, 2002.



long-term degrading farming practices cause carbon losses on the land. 31
Cultivating land can result in a decline in soil organic matter as high as 50%.32 Loss
of soil carbon is driven by erosion, removal of crop residues from the soil and
intensive farming and tillage practices that cause severe soil disturbance.33 In
addition to lower levels of carbon, cultivated soils tend to have poorer structural
quality and water aggregate stability, suggesting diminished capacity to resist
erosion and retain nutrients.34

These agricultural and rangeland management factors can have an impact on the
global climate system. When carbon is sequestered in the soil beyond what would
already occur based on current management practices, the enhanced sequestration
is a net benefit for climate mitigation. Carbon dioxide and other greenhouse gases
are globally mixed pollutants, so a reduction anywhere on the planet benefits the
entire system.3> However, other costs and benefits of altered management, like
changes in productivity, have localized impacts.

Table 1. Factors that affect the balance of soil organic matter (SOM) in agricultural
soils. Adapted from Brady and Weil, 2002.

SOM Gains SOM Losses

Green manure, cover crops Erosion

Conservation tillage Intensive tillage

Return of plant residues Residue removals

Low temp and shading High temp and sun exposure
High soil moisture Low soil moisture

Fire Fire

Compost, mulch and manure application Inorganic material application
Appropriate nitrogen levels Excessive nitrogen application
High plant productivity Low plant productivity

Table 2. Management practices improving carbon sequestration of grasslands.
Adapted from ICIMOD, 2009.

Category Activities

Grazing Management Stocking rate management
Planned or adaptive grazing
Excluding livestock from degraded lands

Vegetation Management Cultivation of particular grasses, legumes
Vegetation management for increased biomass
Fire Management Litter management to reduce fuel load

Timing of managed burns

31 Shrestha, 1997; Lal, 2009.

32 Eagle et al,, 2012; Franzluebbers and Follett 2005.

33 Dahal and Bajracharya, 2010.

34 Shrestha et al., 2009.

35 This is the rationale underlying offsets programs like CDM in which developed nations pay for
emissions reductions in developing nations rather than reducing their own emissions.

10



Agricultural sector emissions

Greenhouse gas emissions from agricultural sources demonstrate the potential for
sequestration. Agricultural lands make up 37% of the earth’s land surface, with
grazing lands comprising a larger area that is under comparatively less intensive
management.3¢ The agriculture sector contributes 5.1 to 6.1 Pg of carbon dioxide
equivalent annually, which is 10 to 14% of total anthropogenic greenhouse gas
emissions on a net emissions basis.3” When agrochemical production is included,
global estimates for the contribution of agriculture to global emissions increase to
up to 16.5 Pg of carbon dioxide equivalent.38

In addition to carbon dioxide emissions, agriculture is the largest source of
anthropogenic non-carbon dioxide greenhouse gases, producing 52% of total
methane and 84% of total nitrous oxide emissions.3° Methane emissions derive from
decomposition of organic materials in anaerobic conditions, and common sources
include ruminant livestock digestion and rice grown in flooded fields.*® Nitrous
oxide comes from microbial transformation of nitrogen in the soil and in livestock
manures. Its emission tends to be higher when the nitrogen levels exceed what is
needed for plant growth.41

Figure 2. Agricultural Greenhouse Gas Emissions. Adapted from De Pinto et al., 2010.
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There is considerable potential for climate mitigation through carbon sequestration
on agricultural and grazing lands. Minimizing these emissions is one piece of the
opportunity for carbon mitigation on agricultural lands through improved
management. The second is actively improving carbon sequestration.

Estimates of the potential for enhanced soil carbon sequestration are varied, but the

36 Smith et al., 2008.

37 Smith et al. 2007; Baumert, Herzog, and Pershing 2005.
38 Bellarby et al., 2008.

39 DePinto et al., 2010.

40 Smith et al., 2008.

41 Smith et al. 2008.
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Intergovernmental Panel on Climate Change (IPCC) 2007 report estimated that the
technical mitigation potential from agricultural globally by 2030 is 5500 to 6000
million tonnes (Mt) of carbon dioxide equivalent per year.*? At the optimistic carbon
price of $20 per ton of carbon dioxide equivalent, IPCC scientists considered
approximately 1500 to 1600 Mt of carbon dioxide equivalent per year of mitigation
to be economically feasible.#3 Grasslands management offers an approximate global
mitigation potential of 810 Mt carbon dioxide.** According to Lal (2004a), the
carbon sink capacity of degraded and agricultural soils globally is over 50% of the
historic carbon loss of 42 to 78 gigatonnes (Gt) of carbon.#>

Agricultural greenhouse fluxes are certainly “complex and heterogeneous,” yet there
is mitigation potential based on management practices using existing methods and
technologies.#¢ Three mechanisms drive greenhouse gas mitigation on agricultural
lands: 1. Reducing emissions on currently managed lands; 2. Enhancing removals by
increasing photosynthetic input of carbon into the soil or slowing the release of
carbon through respiration; and 3. Avoiding emissions, especially by preventing
land conversion.#” It is important to note that particular management practices can
impact different greenhouse gas fluxes in different (and even opposing) ways.#8

Table 3. Mechanisms for greenhouse gas mitigation on agricultural and grazing lands.
Adapted from Smith et al., 2008.

Mechanism Description Sample Practices
Reducing emissions Lower GHG emissions from  Improve efficiency of
existing farming and grazing nitrogen application
practices Implement conservation
tillage
Enhancing soil carbon Improve sequestration by Return more organic
content enhancing carbon pool matter (i.e. plant residues)
or slowing the release of to soil
carbon from existing pool Minimize soil disturbance
Plant cover crops
Avoiding emissions Limit new cultivation on Prevent land use
site or through leakage conversion or expansion of
agriculture on marginal
lands

42 Smith et al., 2007.

43 Smith et al., 2007.

44 Milne et al., 2010.

45 Lal, 2004a.

46 Smith et al., 2008.

47 Smith et al., 2008.

48 Robertson and Grace 2004; Schils et al. 2005.
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In Nepal, more than 75% of all greenhouse gas emissions come from land use
change and forestry.#° Land conversion from natural to cultivated systems results in
significant loss of carbon in the soil systems: conversion from forest to cropland
results in a 42% loss of soil carbon and from pastures to cropland is a 59% loss.>0
However, these reversals can be regained. For example, converting back from
cropland to pasture results in a 10% gain in soil carbon, while a transition from
croplands to forest can result in a doubling of soil carbon stocks.51

Soils in Nepal

Nepal is an interesting case for considering soil carbon management because it is a
fragile ecosystem with some of the worst forest and soil degradation in the world.52
Nepal and the Himalayas have been described as “on the brink of a crisis” due to the
degradation of lands on steep slopes and the severity of erosion and landslides
during the monsoon season.>3 In fact, only 17% of Nepal’s land area is appropriate
for agriculture.>*

Nepal’'s major soil management challenges stem primarily from intensification of
agriculture and grazing, changes in land use and poor management like inadequate
fertility management and excessive tillage.>> Many other topographic, climactic and
anthropogenic factors also drive soil degradation across the country, including steep
slopes, short periods of intense precipitation, high winds, flooding, drought,
inappropriate forest harvesting, unplanned urbanization and other development
challenges as Nepal’s growing population puts more pressure on the land.>¢

While soil erosion drives the removal of nutrients, especially from cultivated land on
steep slopes or unstable upland terraces, it is not necessarily a net source of carbon.
Recent developments in the literature suggest that erosion can be a source or a sink
of carbon depending on management practices and other factors including the fate
of the eroded particles.>” This finding has significance for Nepal given the high rates
of erosion and warrants further study.

Soil mismanagement has resulted in widespread degradation and high levels of
erosion, which has reduced levels of nutrients and soil organic carbon.>8 On a
national scale, the rate of erosion in the mid-hill region is estimated to be 35
megagrams (Mg) per hectare per year.>® A study of the Jhiku Khola watershed found

49 ICIMOD, 2009.

50 Dahal and Bajracharya, 2010.
51 Dahal and Bajracharya, 2010.
52 Upadhyay et al., 2004.

53 Sitaula et al., 2004.

54 Bartlett, 2010.

55 Brown, 1997.

56 Upadhyay et al., 2005.

57 Billings et al, 2010.

58 [CIMOD, 2009; Gami et al.,2001; Upadhyay et al., 2005; Sitaula et al., 2000.
59 Pratap and Watson, 1994.
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an erosion rate of up to 40 Mg of soil per hectare per year.®® In mountain farmland
in Nepal, one study found soil organic carbon loss of 188 kilograms (Kg) per hectare
per year under conventional tillage.®! Erosion rates vary across the country, but
with steep terrain and intensifying agriculture, it is a major problem for soil health
and soil carbon loss across the country.

Soil fertility decline in the country is most severe on private agriculture lands.®? The
sector faces considerable challenges as a growing population puts pressure on
production, forcing farmers to expand to marginal lands and increase the intensity
of crop rotations.®3 Intensification, including a decline in fallow periods, reduced
external organic inputs and expansion of cultivation on slopes, accelerates reduction
in soil nutrients, carbon loss and soil acidification among other problems.64

Figure 3. Soil Types in Nepal.
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60 JCIMOD, 1998.

61 Atreya et al.,, 2006.
62 Sitaula et al., 2004.
63 JCIMOD, 2009.

64 Shrestha et al., 2006.
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Figure 4. Nepal Land Use.
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Current agriculture and grazing land practices in Nepal

More than two-thirds of the labor force in Nepal works in farming.6> The most
common crops produced include rice, wheat and maize, though predominant
cropping systems vary by agro-ecological zone.®¢ In the southern Terai and middle
hills, rice production is most common and typically rotates with either wheat or
maize. In the middle hills, tea, ginger and coffee are among important cash crops. In
the high mountains, farmers tend to cultivate millet, maize, barley and buckwheat.
In each region, many farmers also grow fruits and vegetables.®”

The average farming operation is subsistence-level production, with the majority of
farmers working less than 0.5 hectares.®8 Typical farming systems are “interlinked
production systems” of crops, livestock and forest resources, often in remote,
heterogeneous, fragile agro-ecosystems.®® The production of cereal crops, including
maize, wheat and rice, has stagnated below attainable yields over the past two

65 Sitaula et al., 2004.
66 FAO, 2013.

67 FAO, 2013.

68 Bartlett et al., 2010.
69 Maikhuri et al., 2001.
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decades, and Nepal has the lowest crop productivity in its region, at 20 to 30%.7°
Researchers attribute this low productivity at least in part to lack of soil organic
matter.”!

Traditional crop rotations are generally being replaced by more intensive rotations.
For example, farmers in the Jhikhu Kola watershed typically planted two annual
staple crops, rice and then wheat or maize. In the 1990s, farmers shifted to three or
four crop rotations and planted more cash crops such as rice, potatoes and
tomatoes.”? Similarly, a case study in the Pokhare Khola watershed found farmers
transitioning from cereal-based cropping to intensive vegetable production.”? This
agricultural intensification has resulted in a loss of soil fertility, greater reliance on
agrochemicals and higher demand for water.”4 As agricultural production has
intensified and expanded to marginal lands, the organic matter and nutrients within
the agro-ecosystems are no longer sufficient in many cases.”>

Generally, traditional farming practices in Nepal have not relied on synthetic
fertilizer amendments. Over 85% of farmers rely on forest biomass, manure or
compost from the farm. Synthetic fertilizer use is variable and government
subsidized fertilizer is available only to landowning farmers.”® One study concluded
that farmers often do not know “what and how much to use,” and that improper use
of fertilizer causes short-term yield increases but long-term soil degradation and
decreasing soil pH.”” Pesticide use averages 150 grams (g) active ingredient per
hectare of cropland, which is considered low. Some researchers contend that
unnecessary and perhaps even “incompetent” pesticide use is occurring.”®

Table 4. Nepal land types. Adapted from ICIMOD, 2009 and Upadhyay et al., 2005.

Region Area (000 ha) Agricultural (000 Forest (000  Grassland (000
ha) ha) ha)

Nepal Total 14,718 2,727 4,528 1,730

High Himal 3350 8 155 885

High mountains 2960 244 1639 508

Mid mountains 4442 1223 1811 278

Siwaliks 1886 269 1438 16

Terai 2110 1308 5518 1745

70 Dahal and Bajracharya, 2010; ICIMOD, 2009; Bartlett et al.,, 2010.
71 Dahal and Bajracharya, 2010.

72 Providoli et al., 2006.

73 Tiwari et al., 2012.

74 Dahal and Bajracharya, 2010.

75 Maikhuri et al., 2001.

76 Raut and Sitaula, 2012.

77 Maskey et al., 2002; Raut and Sitaula, 2012.

78 Atreya et al.,, 2006.
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Challenge of the changing climate in Nepal

The threat of climate change makes it more difficult for smallholder farmers to eke
out a livelihood. The effects of climate change are expected to come first and with
the greatest intensity to the Himalayan region. According to one scholar, “Nowhere
is the challenge of responding to the varied impacts of climate change more
daunting than in the Hindu Kush-Himalaya region.””?

It is difficult to predict how climate change will impact such an elevationally
heterogeneous country. Indeed, patterns of change are likely to vary across the
landscape. Researchers have observed patterns of higher temperatures and
reduction in rainfall.8 Higher temperatures increase the respiration rate of the soil,
which results in the loss of greater amounts of soil carbon and further exacerbates
climate change.8!

Many of the strongest climactic impacts in Nepal are likely to be changes in water
patterns and availability. Changing precipitation patterns are especially significant
for a country in which 70% of agricultural production is rainfed.8? The region is
home to more than 50,000 glaciers. This delicate balance of snow, ice and water at
high elevations provides water downstream and is part of the monsoon cycle; here,
the threat of rising temperatures is particularly acute.?3 Glacial lake outbursts and
other changes in water flow and abundance threaten villages in the mountains and
millions of people living in poverty downstream.8* The trends of precipitation and
temperature change have been inconsistent across the country, but high elevations
can expect more severe warming and a greater magnitude of extreme events.8>

People across Nepal clearly perceive the impacts of climate change on agriculture,
especially changing patterns of water and temperature that affect crop production
and alter the ranges in which crops can be grown successfully.8¢ Farmers report
many shifts related to climate change, including delays in the arrival of the monsoon
season, severe drought, more frequent hailstorms and the arrival of new invasive
plant species.8”

In response to the changing climate, farmers in Nepal have already started to adapt
by planting different crops, adopting drip irrigation and water storage systems and
working to minimize deforestation. However, these practices are for the most part
individual, informal and uncoordinated. The formal government adaptation

79 Dixit, 2010

80 Shrestha et al., 2004.

81 Martin et al., 2010.

82 JCIMOD, 2009; Batlett et al., 2010.

83 Surender et al., 2011.

84 Schild, 2008.

85 Baidya et al., 2008.

86 Kassenberg, 2012; Gurung et al., 2010.
87 Bhusal, 2009.
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planning process is moving forward in parallel with poorly documented adaptation
efforts at the community level.88

Figure 5. Observed impacts of climate change.

Farmer-observed impacts of climate change in Nepal

¢ Shorter or longer growing seasons resulting in changing crop production
¢ Glacial snow melt leading to water shortages

* Increase in pest and disease prevalence

* Reduced soil moisture leading to lower agricultural productivity

* Increased intensity of rainfall and increased erosion and flooding

* Disappearance of some species and appearance of new species

Adapted from Gurung et al., 2010

Potential C sequestration on agricultural and grazing land in Nepal

Estimates of net carbon emissions from land use change and related activities in
Nepal range from 1.47x106 Mg per year to 42.1x10¢ Mg per year.8° Upadhyay et al.
(2004) report that there is a “high potential” for enhancing carbon sequestration in
Nepal through better management of degraded lands.?According to the
International Centre for Integrated Mountain Development (ICIMOD), the potential
for carbon sequestration ranges from 0.26 to 3.45 tons of carbon dioxide per
hectare per year.°! In rangeland, up to 98% of the terrestrial carbon is in the soil
rather than aboveground biomass.??

A consequence of the highly heterogeneous landscape in Nepal is that the mitigation
potential of any single land use is fairly limited and the sequestration potential is
dispersed across the landscape.?3 Taking a landscape-wide approach is valuable
because as ICIMOD suggests, each land use alone does not have sufficient mitigation
potential to justify the high transaction costs of mitigation.?*

88 Dixit, 2010; Gurung et al., 2010.
89 Upadhyay et al., 2004.

90 Upadhyay et al., 2004.
91ICIMOD, 2009.

92 [CIMOD, 2009.

93 [CIMOD, 2009.

94 [CIMOD, 2009.
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Table 5. Nationwide mitigation potential of Nepal land use types. Adapted from
ICIMOD, 2009.

Land Use Nationwide Mitigation
Potential

Avoided deforestation-emissions reduction per 3.5t CO, ha™ yr"1

annum

Avoided forest degradation-emissions reduction 3.4tCO, ha™tyr”
per annum

Improved forest management 0.26-4 t CO; ha™ yr'*

Agricultural carbon sequestration 0.26-3.45t CO, ha™ yr'**

Nationwide Biophysical

Potential
Rangeland carbon sequestration 2.1 million t CO, yr™
Agricultural carbon sequestration 5.3 million t CO, yr™

*At carbon price of $10/t CO,

As Appendix 2 shows, regional estimates of carbon sequestration potential vary
widely depending on measurement methods and the assumptions of the model
used. Current knowledge of forest cover, carbon budgets and ecosystem processes is
limited in Nepal and other developing nations that contain highly heterogeneous
mountainous terrain. These high uncertainties in baseline data will make it difficult
for Nepal to develop carbon measurement methods required to participate in
carbon markets, as discussed below.%

Potential Benefits

The potential benefits of carbon sequestration for smallholder farmers in Nepal are
highly touted and “climate smart” agriculture has become a development buzzword.
Key participant-level benefits include carbon payments to farmers or communities,
improved crop productivity and enhanced community adaptation capacity and
resilience.

First, depending on program design, farmers or communities should receive direct
payments under an offset scheme. In some programs, this funding goes directly into
funds to meet community needs.%¢

Second, improving soil carbon stock generally results in improved crop yields and
food security. Enhancing sequestration by adding organic matter to the soil can
potentially improve crop yields because the soil organic matter stock grows. This
process tends to enhance important nutrients and improve the water retention of
soils, which supports plant growth.?” Many experiments have found a correlation

95 [CIMOD, 2009.
96 Manandhar, 2012.
97 Brady and Weil, 2001.
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between increased soil carbon content and enhanced agricultural productivity.’8 For
example, Lal (2005b) found that increasing soil carbon on degraded cropland by one
ton can improve crop yields by up to 40 kg per hectare for wheat and up to 20 kg
per hectare for maize.?®

Finally, establishing this type of program can improve the capacity of communities
to address climate change, both in terms of human and natural systems. It can lead
to better information sharing within the farming community and other agriculture-
related actors. Improving soil resources also helps communities improve the
resiliency of agriculture systems to better respond to extreme climactic events and
enhance their climate change adaptation capacity.

A final potential benefit of these practices is climate change mitigation. If an offsets
project can sequester significant additional, measurable, verifiable carbon that is not
subject to leakage or reversal, then there are potential benefits of lowered
greenhouse gas emissions in the climate system as whole. However, these climate
benefits are projected to be small for most offset projects.

Potential challenges

Soil carbon sequestration does pose considerable challenges to offset developers. In
fact, due to the high uncertainty and considerable transaction costs of agricultural
carbon, it has not been included in most existing carbon markets and other funding
mechanisms.100 [t is important to understand major criticisms, especially since
enhancing soil carbon sequestration through agricultural practices is an emerging
field that has come into vogue as a possible development tool.

Flexible, low-cost, accurate methods of estimating carbon sequestration in soil are
still in development, and the baseline data are limited.1%1 For example, in a paper
examining carbon sequestration in Nepal and the Hindu Kush Himalaya region,
Upadhyay et al. (2004) found a “lack of reliable data on essential ecological
parameters” that are necessary for determining carbon fluxes.1%2 In addition, the
challenge of monitoring and verification of soil carbon sequestration on smallholder
farm plots is considered a major impediment to bringing offsets to market.103

Finally, considerable transaction costs are generated by the need for formulation,
implementation, aggregation and monitoring of soil carbon project.194 If these costs
are high, the payments that return to communities and individual farming
households will be quite low. In addition, potentially high transaction costs could

98 Magdoff and Van Es, 2009.

99 Lal, 2004b.

100 DePinto et al., 2010.

101 Sjtaula et al., 2004.

102 Jpadhyay et al., 2004.

103 Lal, 2004a.

104 JCIMOD, 2009; Lipper et al., 2011.
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exclude small players from the market.105High transaction costs will result in less
money returning directly to the smallholder farmers this type of project is intended
to support.

Despite shortcomings in the data, many groups are pushing ahead with soil carbon
protocols. Developing these methodologies will hypothetically allow smallholder
farmers to participate in carbon offsets markets and receive payments for on-farm
sequestration practices. Whether this type of program will truly deliver needed
benefits to poor farmers is not yet clear.

Key concepts for carbon offset development

To be considered a carbon offset, a project must have several characteristics. First,
the project must be measureable, verifiable and additional: it must result in a net
reduction in greenhouse gas emissions or a net gain in the amount of carbon stored
in the soil or biomass (plants and trees). Second, an offset must have a legal owner
so that it can be sold on an offsets market. Third, both buyers and verifiers of the
offset must have a high level of confidence that the project is a real net reduction in
greenhouse gases that is measured accurately.106

As carbon financing evolves, especially in the forestry sector, the international
community has started to come to a consensus about several key factors that carbon
credit developers should use to demonstrate their offset integrity. Any project must
address the questions of offset additionality; permanence, which is whether the
carbon sequestered by a project will remain in the soil; leakage, whether a project
simply displaces emissions outside its boundaries or truly reduces them; and
measurement and verification.107

The Clean Development Mechanism (CDM), the largest project-based offset
mechanism, has laid out standards for these requirements. Although the CDM does
not currently allow agricultural projects, the program is driving offsets projects in
the developing world and it is useful to conform to CDM standards for marketability
and relevance. The Kyoto Protocol requires that offsets generated under the CDM be
“real, measurable and long-term benefits related to the mitigation of climate
change,” as well as “additional to any [reductions] that would occur in the absence
of the certified project activity.”108 Technical guidance on CDM requirements is
available at http://cdm.unfccc.int.

Additionality
Once a baseline for the carbon budget of a project is established, the project must

105 De Pinto et al. 2010.

106 Willey and Chameides, 2007.

107 Murray et al., 2006.

108Kyoto Protocol, Article 12(5) (UNFCCC, 2005).
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demonstrate additionality. To do this, the project developer must show that
additional carbon is being sequestered as a result of the action taken under the
offset that is above and beyond what would occur under existing management
practices.1%° The Kyoto Protocol defines additionality under the CDM this way: “A
CDM project activity is additional if anthropogenic emissions of greenhouse gases by
sources are reduced below those that would have occurred in the absence of the
registered CDM project activity.”110 If a farmer places ten hectares of property in an
offsets program, carbon credits are earned only if the land is managed differently
than in the absence of the program.

Permanence

From there, the project must show that the offset is permanent (at least for the
lifetime of the carbon credit), and that it will not simply be reversed. For example, if
a farmer’s cropland received a carbon credit for the tons of carbon it sequestered in
biomass and soil, if the farmer stopped the management practices being credited
during the life of the carbon credit, carbon gains would be lost. To account for
unforeseeable reversal events like wildfires or landslides, developers can use
different crediting scheme designs. For example, “pay-as-you-go” crediting
continuously update the sequestration and carbon loss in a project. Another option
is temporary crediting, so that projects are continuously reviewed and adjusted as
appropriate. Finally, projects can determine an ex ante discounting rate to adjust for
project loss.111

Leakage

In addition, emissions leakage must be addressed. This is the problem of preventing
an activity in one place but causing it to occur elsewhere outside the project
boundary. For example, if a farmer is earning carbon credits for agricultural
management practices that result in lower yields, the farmer may be incentivized to
expand production on marginal or previously uncultivated lands to make up for lost
production, resulting in net greenhouse gas emissions. In this sense, the offset is not
truly preventing or reducing any carbon emissions, but rather displacing them.112

Measurement and monitoring, reporting and verification

Finally, robust measurement and monitoring, reporting and verification (MRV)
methods are critical to the success of any project. A simple, replicable, transparent
measurement method—either through direct sampling in the field or greenhouse
gas modeling—demonstrates to funders that their investment is offsetting carbon
emissions. While this piece is perhaps most essential, it is also difficult to get right.
The report discusses measurement options below.

Key steps in establishing a soil carbon offset project

109 De Pinto et al., 2010.

110 3 /CMP.1, Annex, paragraph 43 (UNFCCC, 2005).

111 For a detailed discussion of crediting mechanism designs that protect against reversal, see Murray
etal., 2006.

112 Scherr and Sthapit, 2009.
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In their 2007 guide to developing carbon offsets on farms and forests, Willey and
Chameides laid out steps for planning, executing and monitoring an offset program.
Their detailed guidance is the basis for this section.!13 Figure 6 offers a simple
schematic of the offsets process, which engages at minimum three parties: the
project developer, the offset quantifier and the third party verifier. In Nepal, the

local community will also be a critical player.

Figure 6. The process of developing offsets. Adapted from Willey and Chameides,

2007.

Engage local
stakeholders

Define project action
and boundaries

Scope possible costs and
benefits

Implement project

Register offsets

Engage project
developer

Define community goals for
project

Work with developer to
define scope, management
practices, costs and benefits

Implement project

Share best practices
within the community

Manage revenues

113 Willey and Chameides, 2007.

Design quantification
system

Choose baseline method

Quantify leakage

Quantify baseline and on-
site sinks and emissions

Calculate net GHG benefit

Validate quantification
system design

Verify offsets
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Table 6. Key Steps for Offset Development. Adapted from Willey and Chameides,
2007.

Step Notes
1 Define the project and scope Engage local community, define the geographic area and
costs and benefits the owners involved in the project and decide on land

management practices. This is a first attempt at
estimating the offsets that will result from the project.
Willey and Chameides recommend a project size of at
least 25,000 acres that sequesters at least 25,000 tons of
carbon to reduce cost-per-ton of measurement and
verification. The VCS SALM methodology suggests a
project area of at least 50,000 ha.

2 Establish additionality, set Determine that a project is additional. The VCS SALM
baselines, quantify GHG methodology uses a CDM additionality measurement
sequestered by project tool. Set baseline for project by estimating GHG

emissions that would have occurred in the absence of

the project over time. Measure project leakage rates.

3 Quantify GHG offsets Develop a method to measure the GHGs sequestered by
the project, either through direct measurement,
modeling, or a combination. The project’s net GHG
estimate is the difference between baseline and actual
GHG emissions over the life of the offset. Decide which
emissions and sinks to quantify.

4 Create a monitoring and Design a robust measurement plan for the project. The

verification system monitoring and verification plan should include:

*  Project boundaries;

* List of project’s potential sources and sinks;

*  Protocols for measuring project conditions,
including frequency of measurements, plan for
recording and managing data, sampling procedure;

*  Plan for reports generated by quantifiers, including
timing, contents and data;

* Quality control standards and redundancies;

* Baseline and process for setting the baseline; and

* Leakage rates and the process for quantifying
leakage.

5 Register and verify offsets Enlist independent verifiers to audit the offset project.
Project developer should consider issuing a public report
with the terms of the project, including: location, project
developer, activities undertaken to generate offsets,
measurement methodologies.

Management practices

Certain agricultural practices can improve soil carbon sequestration. Recommended
management practices include conservation tillage, growing cover crops, high
diversity in crop rotations, integrated nutrient management and returning residue
to the surface as mulch. In general, the least amount of soil disturbance and the
maximum return of organic matter to the soil result in positive impacts on soil
carbon, especially in the top 30 cm of the soil where the most easily-lost soil organic
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matter is concentrated. Appendix 2 provides estimates of the carbon impact of
various agricultural and grazing land management practices.

Among the land use practices most promising for Nepal are reducing burned
biomass, conversion to agroforestry, longer shifting crop rotations and mixed
cropping, retention of crop residues within the agricultural system and improved
water management for rice production.'

Site-specific adaptation of management is critical.115> An offset project must adopt a
suite of management practices that are specifically adapted to the location and
sensitive to development and production needs, particularly since different
management practices can interact in unexpected ways.116

Measuring soil carbon

Whether using direct measurement of carbon in the soil and biomass or estimating
carbon fluxes on the land using a carbon model like Roth C or Century, soil carbon
offset project developers must set high standards for robust measurement and
verification of offsets. However, the measurement approach should be sufficiently
low-cost and flexible to execute, especially since the measurement method often has
one of the biggest impacts on project cost.117 Offset developers are moving ahead on
these complex issues and developing carbon offsets protocols for use in regulatory
and voluntary carbon markets.

The standard of measurement that TMI chooses to follow depends largely on the
priorities of the project. There are two main measurement options: 1) direct
measurement through field sampling and lab measurement, and 2) indirect
measurement through greenhouse gas modeling.118 If the organization values
determining reasonably accurate carbon measurement estimates, then the
organization should consider a more rigorous measurement scheme using on-the-
ground soil sampling. On the other hand, if TMI's emphasis is on the rural
development piece of the offsets picture, then using a model to estimate carbon is
sufficient for selling credits to carbon finance NGOs.

Direct measurement of soil carbon requires the researcher to take field samples and
then assess them in the lab using the dry combustion technique.11° Direct
measurement requires trained fieldworkers and a lab with the appropriate
equipment. Generally, this process uses a CHN analyzer that heats the soil sample to
1000 degrees Celsius and measures the carbon dioxide gas combustion.120 A useful
guide for this type of measurement is Willey and Chameides, Harnessing Farms and

114 ICIMOD, 2009.

115 Lal, 2004b.

116 Oldander et al., 2013.

117 Willey and Chameides, 2007.
118 Lipper et al,, 2011.

119 Donovan, 2012.

120 Donovan, 2012.
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Forests in the Low-Carbon Economy, 2007. Despite the higher accuracy of carbon
estimates using direct measurement, many organizations, including voluntary
registry standards like Verified Carbon Standard, have acknowledged that direct
methods are prohibitively expensive and the labor intensity and technical
knowledge requirements are too high to be feasible, especially in the developing
country context.121

The other option, which can be less costly but often far less accurate, is carbon
modeling.1?2 This method is likely more appropriate for TMI because it is more
practicable without a high level of technical expertise. Due to the logistical and
technical challenges of soil sampling, many protocols approved by the Verified
Carbon Standard (VCS) and others are model-based and use reported management
practices to calibrate the model and report carbon savings.

Different greenhouse gas models can be used in Nepal with varying degrees of
accuracy. To account for annual gains and losses of soil carbon due to land use
activities, these models generally require data about land use activities, the impact
on the soil carbon budget carbon of those activities and climate data. Two of the
most commonly used in the literature are RothC and CENTURY models.

The FAO offers guidelines for appropriate model selection, which include:

* Required data inputs should align with available datasets;

* OQutputs satisfy the requirements of the modeling exercise;

* The model has been adapted to the soil, climate and land management
conditions of the site in question;

* The model’s level of accuracy is within the project’s accuracy target;

* The model has been demonstrated to perform well in similar ecological systems;

* The model should be appropriately accessible based on the user’s technical
abilities.123

Appendix 2 contains a list of academic papers that estimate soil carbon stocks in
ecosystems in Nepal based on either modeling or direct sampling. The studies vary
in area size from a watershed to the national scale. They reflect the piecemeal
approach to terrestrial carbon sequestration to date, but also indicate the
tremendous opportunity for knowledge sharing and coordination among academics
and NGOs interested in soil carbon in Nepal.

Roth C Model

The Rothamsted organic carbon turnover model, known as Roth(, calculates soil
carbon stock changes due to alteration of inputs like crop residues and manure.124
The RothC model predicts fluxes in soil organic carbon in arable soils, temperate

121 Lipper et al,, 2011.
122 Lipper et al,, 2011.
123 Lipper et al., 2009.
124 [CIMOD, 2009.
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grasslands and forests. The model calculates total organic carbon in the soils taking
into account the temperature, soil type, moisture content and plant cover.12> It is a
simple model that requires relatively few inputs that are easily to obtain. The model
requires the following inputs: monthly rainfall and monthly open-pan evaporation
to estimate topsoil moisture deficit; average monthly temperature; clay content of
soil; decomposability of plant material; soil cover; and monthly farmyard manure
input.1?6 These inputs help generate a baseline carbon balance for the area of study
from which to calculate additional sequestration.

Detailed information about use of the model is available at

http://www.rothamsted.ac.uk/aen/carbon/rothc.htm. The model manager, Kevin
Coleman, can be contacted at kevin.coleman@rothamsted.ac.uk.

Case study: Kenya Agricultural Carbon Project

The Western Kenya Smallholder Agriculture Carbon Finance project, and the VCS-
approved offset methodology that was developed from the project and approved in
2012, is the most fully developed soil sequestration program for smallholder
farmers. The project, developed by the World Bank BioCarbon Fund!?7 and Vi
Agroforestry, a Swedish NGO, provides a roadmap for Nepal despite being a
continent away because farmers face many of the same basic challenges. From
project design to implementation and monitoring, the Kenya project and its VCS
methodology offer a model for Nepal that is worth examining in detail.

The World Bank bills the Kenya Agricultural Carbon Project as a “triple win” for
climate mitigation, adaptation and food security for smallholder farmers.128

According to Andrew Steer, Special Envoy for Climate Change at the World Bank,
“These farmers have adopted new farming techniques and as a result are
benefiting from a triple win in agriculture. They are getting higher yields,
improving the resilience of crops to drought and creating stronger soils that
sequester more carbon.”129

In Kenya, 67% of the population is engaged directly in agriculture. Despite the size
of the sector, agricultural productivity and output have declined since the early
1990s. Similar to the agricultural sector in Nepal, agricultural lands in Kenya are
relatively degraded and low-productivity and most of the lands in the project are
under one-hectare subsistence mixed farming systems. In addition, agriculture
occurs primarily on fragile lands, resulting in soil degradation.130

125 Coleman and Jenkinson, 2012.

126 Coleman and Jenkinson, 2012.

127 The World Bank BioCarbon Fund is one of 14 funds that make up the Carbon Finance Unit. As of
2010, governments and private firms contributed $2.3 billion to the fund. The aim of the fund is to
“demonstrate projects that sequester or conserve carbon in forest and agro-ecosystems.” See
“Carbon Finance at the World Bank” at Carbon Finance Unit, http://wbcarbonfinance.org/.

128 World Bank, 2011; Scherr and Sthapit, 2009.

129 World Bank, 2011.

130 World Bank, 2010.
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The project, developed and implemented in Western Kenya by Vi Agroforestry with
World Bank support, helps smallholder farmers manage their cropland in a way that
increases productivity and hopefully also sequesters additional carbon using a
“participatory extension approach focusing on community empowerment.”131 This
approach concentrates on the needs of the farmers it partners with, emphasizing
increased crop yields and other co-benefits, and then looks secondarily at carbon
sequestration. The project intends to respond first to the demands of local farmer
groups. To attempt to address the needs of the local communities in which it works,
the project uses several engagement techniques, including participatory rural
appraisals, farmer field schools, farmer-to-farmer tours and agricultural training
centers, in an effort to create a bottom-up program with local buy-in. The
implementing NGO provides extension staff for agricultural production and
marketing advice.132

The scope of the project is ambitious. Ultimately, the Bank hopes to engage
60,000 farmers on 45,000 hectares in Niyanaza and Western Provinces over
20 years, with an initial rollout phase of nine years. The project is designed to
reduce about 60,000 tons of carbon dioxide equivalent per year, or 1.2
million metric tons of carbon dioxide equivalent over the life of the project. It
is beginning to scale up, and as of April 2012, the project involved 20,000
farmers on roughly 15,000 hectares.33 The BioCarbon Fund will purchase
the emissions reductions generated for $4 per ton over the life of the
project.134

The project uses an activity-based carbon baseline and monitoring approach using
the RothC model. First, the RothC model is calibrated to establish a baseline level of
carbon. The methodology then requires inputs of self-reported farmer management
practices to estimate additional sequestered carbon. This is called a “farmer self-
assessment approach,” in which farmers report adoption and maintenance of
approved agricultural practices to project developers for input into the model. The
environmental variables and farmers’ self-reported land management activities
calibrate the model, rather than direct on-farm testing of soil carbon. The project
uses minimal direct testing of the soil to confirm results. Using this baseline and
management data, the RothC model estimates are used to calculate carbon fluxes on
a particular piece of land. Direct soil sampling was deemed prohibitively expensive
for the project.

For measurements required in the offsets program, the methodology uses CDM tools
whenever possible. CDM maintains a high standard for calculating baseline carbon
pools (sinks and sources), determining project additionality, monitoring and

131 World Bank, 2010.

132 World Bank, 2010.

133 World Bank, 2012.

134 Please not that this price is above most current carbon market prices; for example, CDM credit
prices recently dropped to $0.50 per ton. BioCarbon Fund,2012.
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verification. While these standards are rigorous, they have international recognition
and will ultimately make the offsets more credible. Figure 7 provides an overview of
the project methodology.

Figure 7. Overview of SALM Methodology. Adapted from VCS VM0017, 2012.
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To deal with the inevitably high level of uncertainty surrounding how much carbon
sequestration is actually occurring on the land since farmers are self-reporting and
the soil is not directly tested, the estimation model takes several precautions. Once
the estimates are made, the Kenya project will discount 60% of the reported
sequestration that is reported by the model. This high discount rate helps to cover
for the uncertainty by underreporting some sequestration to cover for possible
reversals and other inaccuracies. Third party reviews confirm farmers’ land
management practices.13>

Management practices that farmers can adopt under this methodology include
planting cover crops, crop rotation, compost management, improved fallows,
agroforestry, organic fertilizer and residue management.13¢ These management
practices have already resulted in improved soil fertility, particularly on lands that
had been degraded. According to World Bank reports, these improved management
practices have resulted in higher agricultural productivity, better retention and
harvesting of water and improved efficiency of water use.13” Project developers
estimate that these practices can potentially add 1 to 2 tons of carbon dioxide per
year; however, the CDM offers a more conservative estimate of sequestration
potential for offsets of 0.5 tons of carbon dioxide sequestered per year.138

135 World Bank, 2011.

136 [eaving more crop residue on fields or increasing manure inputs from household livestock can be
challenging since rural households often rely on biomass and dung as fuel sources. In Nepal, many
rural households also collect fuel from the forest. This is an issue that could be resolved by providing
alternate (or clean) fuel sources.

137 World Bank, 2011.

138 BjoCarbon Fund, 2012.
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The project uses a crop production and activity-based monitoring system because it
is much lower-cost than direct measurement. The BioCarbon Fund estimated that
project implementation costs equaled about 52% of the carbon revenue generated
by the project. Using direct carbon monitoring would have cost an additional 35% of
revenues, while activity monitoring costs were equivalent to 11% of revenue.13?
Even using indirect monitoring, the project overhead costs are more than 75% of
the revenue generated by selling the sequestered carbon. However, the BioCarbon
Fund is quick to point out that as a first-of-a-kind project, its high costs likely
represent a worst-case scenario of steep transaction costs.

To engage farmers and encourage adoption of these practices, the managing NGO
reached out to local leaders, agencies, NGOs and businesses and then farmer groups.
Initially, ViAgroforestry met with key community leaders to inform them about the
potential project and to learn from them about farmer groups in the region. Next,
ViAgroforestry assembled a team with expertise in agronomy, health, microfinance
and social counseling to meet with local farmer groups to share information about
improving production. The team introduced the benefits for improved yields first
and followed with the possible benefits of carbon finance since they were deemed to
be secondary to agricultural outcomes. Once the farmer groups agreed to
participate, ViAgroforestry worked with the groups to plan their improved
management schemes and provide extension support. Follow up monitoring and
support is ongoing.140

When the management practices of farmers and environmental inputs are modeled
to determine the amount of carbon sequestered, carbon credits are aggregated by
ViAgroforestry and sold to the BioCarbon Fund at the World Bank. Ultimately, the
project intends to sell to offset buyers, not just the Bank. ViAgroforestry takes part
of the carbon revenues to cover program costs. Whatever is left goes to the farmer
groups, which are charged with determining how to use the money that they
receive.14!

Payments to farmers are likely to be small due to high transactional costs and
overhead of the project itself, low carbon prices and relatively small amounts of
carbon sequestration generated by the project. The Institute for Agriculture and
Trade Policy estimated earnings of $23.82 per farmer over 20 years, or about $1 per
year.'42 The Project Information Document itself emphasizes the small amounts of
payment likely and the need to instead emphasize the agricultural benefits of the
project:

“With regard to agricultural carbon projects, financial benefits from carbon

revenues can be expected to be only a small proportion of the benefits of increased

crop yields. Therefore, the primary focus of this project type should be on increasing
agricultural productivity and the carbon revenues can be considered as an

139 BioCarbon Fund, 2012.

140 Lipper at al,, 2011.

141 World Bank, 2010.

142 Suppan and Scharma, 2011.
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additional incentive and catalyst for the adoption and maintenance of improved
agricultural practices and technologies. The level of potential carbon revenues
should be clearly communicated at the farm level to avoid false expectations.”143

Overall, the Kenya Agricultural Carbon Project methodology intends to be easily
scalable and applicable to other developing countries. The World Bank describes it
as a “simple, yet robust and cost effective” program that can be used to enhance soil
carbon sequestration around the world.1#* The critical design principles of the SALM
enumerated by the BioCarbon Fund include its:

* Bottom-up, participatory approach;

* Activity-based model rather than direct measurement;

¢ Alignment with agricultural development goals;

* Suitability for resources and constraints in context of limited data and

capacity; and
* Opportunity for farmers to track management and yield more closely.14>

Now that the VCS has approved the methodology, it is can be easily employed in
other contexts for projects in voluntary offsets market. The most critical element of
this program and offsets programs generally from the buyer’s perspective is the
question of whether offsets are additional, measureable and verifiable. As discussed
previously, buyers are looking for several assurances when buying carbon offsets:
that the offsets are additional, measurable, verifiable, and not subject to leakage.
The Kenya project tries to ensure its offsets have integrity using the 60% discount
rate to account for uncertainty within the model and on the ground. Applying a
discount rate is designed to assure offsets buyers that the credit they are purchasing
genuinely represents a reduction in global carbon stock.

Potential benefits of Kenya Agricultural Carbon Project

From a human development perspective, the most important issue with the project
is whether livelihoods are improving as a result of participation. The project has
some support in the media and the NGO and development policy arena for its
development outcomes. For example, CGIAR produced a report that found that
despite low payments to individual farms, carbon projects were valuable in building
capacity for agricultural extension and financial management, as well as
institutionalizing farmers’ groups.14¢ The Clinton Foundation’s Clinton Hunter
Development Initiative has also been working in East Africa to develop soil carbon
offsets though improved management and agroforestry. Along with the World Bank,
these organizations argue that there is real potential for soil carbon offsets to work
as development tools for improved food security.

In addition to the intended benefits of the program, the so-called “triple win” of food
security, climate mitigation and adaptation, there are other benefits of this program.

143 World Bank, 2010.

144 World Bank, 2012.

145 BjoCarbon Fund, 2012.
146 CGIAR, 2012.
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First, there is a potential advantage to being an early actor in the offsets market. It
may be valuable for a country like Kenya or Nepal to develop a soil carbon
sequestration programs now, when the stakes are low because the money available
on international carbon markets is minimal. Farmers, local groups, NGOs and the
government can collaborate to develop a viable program without the potentially
damaging prospect of large amounts of money, and ideally, this will help develop a
program that reflects what works for local farmers, not simply for international
markets. Since Nepal is already planning to be an early actor in the REDD+ scheme,
expanding to a landscape-wide approach could solidify its leadership in carbon
offsets.

Furthermore, developing this sort of program will help rural communities organize
and build capacity with improved farmer-to-farmer networks and more established
ties with the NGO community, government entities and other partners. In the Kenya
project, the implementing NGO used what was intended to be a bottom-up approach
working with local farmer groups and driven by the needs and demands.14” In
Nepal, TMI can deepen its existing ties with local organizations, including farmer
and herder groups, and communities with which the organization has long worked,
in establishing a carbon pilot project.

Acting early might also help a country establish credibility as an honest broker in
the carbon market. If a country establishes a viable, verifiable carbon program now,
if international carbon markets catch up and begin to seek high-quality offsets, these
countries’ programs will set the standard. The key is demonstrating real, verifiable
offsets without leakage or reversals. Developing an international reputation before
the offsets market becomes crowded certainly can be a strategy for prominence in
the international community.

However, these benefits presume eventual action on climate change in the
international community, which may or may not materialize. While some observers
see putting a price on carbon as an inevitable step for the United States and other
major economies, the future of the international climate negotiations and
development mechanisms like the CDM is far from certain. Acting early has
potentially high but very uncertain benefits.

Criticism of the Kenya Agricultural Carbon Project

Critics in from the NGO and policy field contend that the dominant narrative
developed by the World Bank and others of the “triple win” of sustainable
agriculture carbon sequestration is not an accurate reflection of the challenges of
this project on the ground.1#8 Detractors generally contend that this is a top-down
development method that has failed to respect and work within local contexts, and
that the meeting of informal, complex local institutions and practices with powerful,
well-resourced global development organizations has not unfolded smoothly. STEPS

147 World Bank, 2010.
148 Atela, 2012.

32



Centre argued in a recent paper that for carbon finance to be successful, local
partners and individual farmers must be empowered, and that the Kenya project
failed in this regard.#? In addition to these largely ethical concerns surrounding the
development strategy, criticisms of the measurement and other technical
methodology used in this project abound.

First, in terms of technical challenges, there are fundamental measurement
difficulties inherent in this project. A strong baseline is critical for measuring
additional carbon sequestration resulting from agricultural management practices.
As discussed, the Kenya project developed baseline data using the RothC model
confirmed by on-the-ground soil measurements. The methodology is only useable
for a region if studies have shown that the RothC model is accurate and applicable
for that region.1>0 In Nepal, the lack of baseline data to calibrate the RothC model
would pose a significant challenge, though some tests of the model on various
cropping systems in Nepal found that it works reasonably well. More research on
the appropriateness of RothC in specific regions of Nepal’s highly heterogeneous
landscape is needed.1>1

Researchers are working to develop watershed-level and countrywide estimates of
soil carbon sequestration potential along with RothC model testing (see Appendix
2).152 In support of this type of research, the Nepal government created a climate
portal website intended to bring together climate research and create synergy
between organizations working on climate change-related issues supported by the
United Nations Development Program (UNDP), the Global Environmental Facility
(GEF), Danida (Denmark) and the Department for International Development in the
United Kingdom (DFID).133 This platform is a natural place to begin pulling together
baseline estimates for soil carbon across the landscape by aggregating regional
estimates and encouraging researchers to collaborate. In a diverse landscape like
Nepal'’s, with high levels of variation across the landscape in terms of elevation,
vegetation and soils, these estimates are a complex but crucial undertaking.

Second, despite efforts to show that offsets are real and verifiable, investors may
consider soil carbon offsets by nature a high-risk or untenable investment. Suppan
and Scharma (2011) describe soil carbon offset credits as a “highly unstable and
risky ‘asset” with high potential for leakage and reversal.1>* This can happen, for
example, when careful management practices that have incrementally begun to
store more carbon are reversed through major soil disturbances like plowing or
development. A hysteresis problem is at work: soil carbon losses occur at a much
faster rate than gains, so there is a possibility of sudden loss of incremental gains.

149 Atela, 2012.

150 V(CS, 2012.

151 See, for example, Gami et al., 2007.

152 See, for example, ICIMOD, 2009; Shrestha et al, 2006.

153 See Nepal Climate Portal at http://www.climatenepal.org.np/.
154 Suppan and Sharma, 2011.
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Third, this project faces high transaction costs. Roughly half of the money generated
from the project will be returned to project developers to cover transaction costs,
leading to “miniscule” returns for participating farmers.’>> The more money that
goes to the aggregator, the less ends up with the local farmers whose basic needs
the entire enterprise is created to support. Among transaction costs, one of the
biggest concerns is aggregation. Smallholder farmers will have to aggregate their
offset efforts to garner credits, which will require considerable coordination and
cooperation. If it fails, soil carbon offsets will tend to favor large landowners, despite
being intended to benefit small farmers.

One option for dealing with this overhead cost is to design projects so that local
organizations such as farmer cooperatives, herder groups and regional groups run
the process. Due to the Social Welfare Council’s rules, this must be the case in Nepal.
Even if international NGOs have a role in setting up the projects, providing technical
expertise and perhaps delivering funding, if local people are responsible for
operation and aggregation, then funding can be returned to the community rather
than to international NGOs facilitating the project.

Nepal has a history of community-based management that suggests the feasibility of
local management of soil carbon projects. Ostrom and Agrawal (2001) call Nepal “a
leader among developing countries in setting conservation goals and priorities” and
in developing innovative resource management and conservation programs and
legislation, stating with decentralized community forest management in the
1970s.156 Since then, the areas managed by forest user groups have increased
“exponentially” to address widespread deforestation and establish community
plantations in degraded areas—today, over 8,500 forest user groups made up of
over one million households manage over 6,200 square kilometers of forest in
Nepal.157

These well-organized community forest management groups have experience
managing natural resources and have already worked with NGOs to develop the
REDD+ pilot projects. These organizations indicate the strength of local and regional
organization that already exists around natural resource management. In addition,
TMI has a long and rich history of close collaboration with many communities.
Leveraging these partnerships and TMI’s substantial experience with local partners
to manage agricultural lands and rangeland may be a key to successful soil carbon
projects that direct the revenue to local communities creating the offsets. This
experience with forests also suggests that rangeland may be easier to aggregate
than agricultural land because of larger land parcels and potentially less fragmented
land ownership.

155 Suppan and Sharma, 2011.
156 Agrawal and Ostrom, 2001.
157 Agrawal and Ostrom, 2001.
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Even if local organizations manage aggregation and all funds come directly into local
communities, a major question is whether that revenue will be high enough to
justify the effort. The Kenya project offers little guidance in this regard because the
World Bank is purchasing the offsets generated above current market prices, so the
pilot does accurately reflect the situation in global carbon offsets markets. Given the
stagnation of climate policy internationally and low prices in existing carbon
markets, low revenues and thin markets for offset projects are a valid concern.
Offsets markets are discussed in more detail in the last section of the report.

Offsets programs: What’s the goal?

Finally, there are more direct options for supporting agricultural development and
meeting the basic needs of subsistence farmers. The Institute for Agriculture and
Trade Policy suggests that direct financing to agriculture may be a more effective
use of the considerable resources required for establishing a soil carbon program.158
If the end goal of the program is to improve the livelihoods of small farmers, then
are certainly more direct ways to facilitate enhanced agricultural yields to support
rural households. For example, development entities could focus their resources on
the District Agricultural Development Fund, investing district-by-district in locally
identified needs, or continue investment in income generation through vegetables
and other valuable crops.1>?

Relevant protocols

Appendix 3 contains a list of other protocols that are relevant to agriculture and
grazing lands in Nepal that may be of interest to TMI. While the Kenya project is the
most directly applicable agriculture project, the VCS-approved soil carbon
measurement protocol is also applicable as an adaptable methodology for
quantifying soil carbon on a variety of landscapes. Additionally, Environmental
Defense Fund is developing a rangeland protocol that is specific to the western
United States that offers useful basic guidance.

Best Practices for agricultural and grazing land offset development

The value of agricultural and grazing land offsets is still in dispute in Nepal. Within
Nepal and the Himalayan region, ICIMOD contends that project-based carbon offsets
hold promise for improved natural resource management.16? On the other hand,

158 Suppan and Sharma, 2011.

159 This consideration raises ethical concerns and questions of equity: if there are more direct ways
to aid small farmers in developing countries from Kenya to Nepal, then it may be fundamentally
unfair to ask them to participate in a program designed to fix a global problem, climate change, that
was created by the developed world. Climate justice advocates contend that beyond this obvious
unfairness, carbon markets are serving to undermine local knowledge and destroy traditional,
sustainable, low-carbon technologies that can help with climate resilience in developing countries
(See Lohmann, 2008). A climate justice movement has emerged to demand that world leaders think
more carefully about the assumptions underlying the global climate negotiation process and the
concept of carbon markets with developing country-generated offsets.

160 [CIMOD, 2009.

35



some organizations argue that project-based offsets are unsustainable due to low
offset demand, high transaction costs and possible (or likely) conflict between
mitigation and development.1¢! For example, the FAO argues that project-based
offsets are not likely to become a meaningful source of funding to smallholder
agriculture in the short term due to low demand for carbon credits, high transaction
costs compared with the potential revenue and divergences between development
and climate mitigation goals.162

Many NGOs working on REDD+ projects in Nepal contend that agriculture and
grazing land projects are challenging because of the lack of international support for
these types of offsets through the CDM. As a result, some environmental NGOs are
not particularly interested in pursuing these offsets because of the absence of
compliance market buyers. However, lack of interest from other NGOs working in
Nepal may mean that TMI can be a leader in this space.

If TMI decides to pilot sequestration projects on agricultural or grazing lands, below
are best practices the organization may wish to consider. The recommendations are
drawn from a literature review of carbon sequestration on agricultural and grazing
lands, especially in Nepal and the region, existing offsets methodologies and
conversations with experts in Nepal and the United States.

Be clear about organizational priorities

Given the high transaction costs of establishing and managing an offsets project, TMI
should assess whether carbon finance is the best way to achieve its organizational
objectives related to farming and grazing livelihoods. While the co-benefits of
participation in an offsets program may be valuable, as discussed above, direct
payments are likely to be low due to the high transaction costs of this type of
program. There are almost certainly more direct and cost-effective ways to support
sustainable agriculture and rural livelihood development for smallholder farmers in
Nepal.

I[f TMI is most interested in finding ways to directly enhance rural livelihoods, then
more traditional means of agricultural support through financial and technical
assistance may be more appropriate. However, if the organization is interested in
becoming a leader in agricultural offset development in Nepal then developing a
pilot project may make sense. Establishing an offsets project may be appropriate if
TMI believes that soil carbon may become part of a more robust international
offsets program and is willing take on the risk of leveraging novel but highly
uncertain carbon funding sources for development. However, the organization
should understand the risks inherent in counting on carbon markets to grow in the
near future.

161 Lipper et al,, 2011.
162 Lipper et al,, 2011.
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Engage communities and build local partnerships

Local engagement is central to the success of any carbon project. TMI is well suited
to this community engagement effort based on extensive past experience. TMI’s
established relationships with communities and local community organizations as
well as its work with community informed consent processes will be critical to
ensure that the project is driven by local needs, meets the production demands of
local farmers and respects agricultural and grazing traditions.163

As TMI knows from experience, the process of community engagement should be
underway long before the project begins, and the project itself should be shaped and
adapted based on local preferences with special attention to the needs of women in
the community. TMI may wish to tap into existing local networks, including village
and district development committees, youth groups, women'’s groups, herder
groups and others. Because of the importance of community engagement, TMI is
advised to pilot the project in villages where its connections to the community are
already strong.

Identify opportunities for collaboration

TMI may want to leverage relationships with other NGOs working on similar
projects to bolster its technical capacity. In particular, ICIMOD is planning to work
on grassland ecosystem services, including carbon, in 2013.164 Connecting with
ICIMOD’s grazing land work may help support TMI’s offset development with
needed technical expertise.

Based on the list of soil carbon academic studies in Appendix 2, there is also real
potential for collaboration with ICIMOD and academic institutions in Nepal to
develop a reference level for soil carbon. From there, researchers could also develop
estimates of the greenhouse gas impacts of various agriculture and grazing
management practices to create common national standards for offsets programs.

Set high standards for scientific integrity

Scientific integrity is central to the success of an offsets program. Thus, one of TMI’s
central responsibilities will be getting the technical elements of an offsets program
right and providing ongoing technical assistance. Given the technical challenges of
calibrating the RothC model (and the greater difficulties of direct sampling), the
organization should identify a technical expert to consult on the project. The
technical expert could work to calibrate the RothC model and establish the
reference level for the region where TMI decides to pilot the project. The expert
could also adapt the SALM protocol or another methodology to Nepal (see Appendix
3). One attractive and potentially low-cost option for technical support is to engage
doctoral students along with a pool of expert advisors via universities in
Kathmandu.

163 Bhutia, 2012.
164 Bhatta, 2012.
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Pilot improved management practices

Once TMI identifies communities in which to pilot the project and brings on
technical advisors to determine a carbon baseline for the project area, the
organization may want to develop pilot plots for various management practices.
While the management practices best suited to increasing organic matter and
enhancing carbon sequestration in the soil are location-specific, a number of
practices are expected to improve carbon content of the soil. Generally, these
practices are also expected to improve soil fertility and improve crop yields.
Estimates of the carbon impact of various practices are provided in Appendix 1,
though they differ based on particular characteristics of the agroecological system.
Through pilots, the organization can determine which combinations of management
practices yield the best results—both in terms of yield and feasibility—for the
communities in which it works.

Establish robust continuous measurement & MRV

The technical measurement aspects of this project will be imperative to get right to
build a credible offset program. A new program called the Carbon Benefits Project
(CBP) may help streamline and standardize carbon monitoring and reporting efforts
for sustainable land use management projects.

World Wildlife Fund (WWF), the United Nations Development Programme (UNDP)
and Colorado State University (CSU) are working to develop the CBP, a modular,
web-based suite of tools for the Global Environmental Facility that will standardize
carbon reporting.165 The CBP will be applicable to farming, reforestation, wetlands,
grasslands and other types of carbon projects. The tools are currently being tested
in Kenya and other countries.1®® The formal release is expected in 2013.167 One
benefit of standardized measurement and reporting is that it will be easier to
incorporate into possible compliance markets that could evolve in the future.

TMI may wish to contact the project managers at CSU directly to inquire about the
possibility of testing their tools. The CBP Modelling Component Coordinator is Dr.
Eleanor Milne at CSU. She can be reached at eleanor.milne@colostate.edu.

Partner with carbon finance NGO for payments

TMI could consider partnering with a carbon finance NGO to establish an
aggregation and payment scheme for offsets as it has for its REDD+ pilot. In the
absence of robust mandatory markets to drive offset purchases, the NGO can
provide payments at a set price that help provide certainty as the project gets
underway. In many cases, the NGO payment is a higher rate per ton than the price of
offsets in the CDM or other compliance markets. See Table 8 for a list of potential
partner carbon finance organizations.

165 Milne et al., 2010.
166 Milne et al., 2010.
167 See http://carbonbenefitsproject-compa.colostate.edu.
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Determine benefit sharing mechanism

Once the payment mechanism is established, TMI and its local partner should work
with farmers and herders to determine, on a community consensus-driven basis,
how the revenue generated by offset sales will be managed and directed in the
community. One key to offsets projects emphasized by several NGO staff in
Kathmandu is that the project should demonstrate benefits as quickly as possible to
attract the interest of community members and expand participation. TMI and other
NGOs working on REDD+ have dealt with this challenge, and communities already
involved in REDD+ pilot projects may have a plan for carbon revenues in place.

Promote regional knowledge sharing and support peer networks

Knowledge sharing, including direct farmer-to-farmer or herder-to-herder
education, is a key to ensuring that best practices are identified and shared. As a
team at ICIMOD found, “a big challenge at the end of every project is to promote
knowledge sharing and encourage cross-fertilization of ideas” to improve rural
livelihoods.16® Some projects, for example a Winrock/USAID project, Education for
Income Generation, hired local students as community trainers.1%° These types of
activities can help ensure that institutional knowledge is embedded and shared.

Similarly, researchers at CGIAR found that in the Kenya agricultural offset pilot, the
project helped build important institutional networks through more robust farmers’
groups, which led to co-benefits, including “broad participation, efficient
contracting, timely communication, provision of extension services, benefit-sharing,
and gender-focused activities.”17? These social benefits may have ultimately been
more important than carbon payments, which are relatively low.

Developing farmer-to-farmer outreach and other local networks for implementing
and managing a carbon program will build its durability as an institution and return
higher amounts of revenue to communities. These peer networks, which have
emerged to deal with irrigation and community forests in the past, can help farmers
share knowledge and best practices and enhance a community’s ability to organize
around other challenges like climate adaptation. Building social capital through
these networks can also enrich community life. In contrast, NGO-driven soil carbon
projects are less likely to become sustainable and will result in higher transaction
costs that NGOs require a cut of the revenues to cover.

Demonstrate good governance and credibility

Finally, local, regional and national institutions must be credible and viable both
within local communities and in the eyes of the international community for a
carbon project to truly work. These institutions, at various levels, should provide
education, help set and verify high standards and manage their role in a soil carbon
program with integrity and inclusiveness. As ICIMOD laid out its 2009 report on
carbon finance in the Himalayan region, certain safeguards must be in place for a

168 Providoli et al., 2006.
169 Baidya and Bajracharya, 2012.
170 CGIAR, 2012.
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credit carbon financing scheme: regulatory mechanisms, land rights, funding and
crediting mechanisms, indigenous rights and state payments.17!

Robust institutional management at the national level is a particular challenge in
Nepal in light of the tumultuous political situation. As the staff of TMI is acutely
aware, Nepal has been working to establish a new constitution since the Maoist
insurgency calmed in 2007, and the country is operating under a weak provisional
constitution. Two major parties, the Maoists and the National Congress, are
embroiled in a power struggle.17?2 During this stalemate, Nepal has survived on
emergency funding that has plunged the country in a budget crisis.1”3 This political
instability could dampen Nepal’s credibility on the carbon offsets market.

Carbon markets and funding options for offsets

With the emergence of regional and national carbon trading systems around the
world that allow CDM or domestic offsets to help meet compliance obligations, as
well as NGO offset developers, there are markets available for offsets. However, the
high uncertainty of the UNFCCC process and the exclusion of agricultural land
management offset projects from the CDM both make agricultural offsets a risky
proposition in terms of funding opportunities. With this thin market for offsets and
extremely low prices, opportunities for poor farmers and herders to truly improve
their economic status using offsets are limited.

Trading schemes

Major carbon markets as of spring 2013 include the European Union Emissions
Trading Scheme (EU-ETS), the Regional Greenhouse Gas Initiative (RGGI) in the
northeastern United States, California, Quebec, South Korea, Australia, New Zealand
and Mexico. Thailand, Vietnam, Brazil and Chile are all considering establishing
carbon markets.174 Carbon market prices have declined globally, at least in part due
to the recession and the abundance of natural gas.17> There is also a voluntary
market that traded about 95 million metric tons in 2011 with an average price of
US$6.20.176

While future demand for offsets is uncertain, the World Bank estimates offset
demand of 2,156 to 2,706 billion tons of carbon dioxide equivalent from 2013 to
2020.177 Kossoy and Guigon anticipate that the European Union will be the biggest
driver of demand for offsets projects in developing countries, with potential for

171 ICIMOD, 2009.

172 Economist, 2012.

173 Adhikari, 2012.

174 Newell et al., 2013.

175 Newell et al., 2013.

176 Newell et al., 2013.

177 Kossoy and Guigon, 2012
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increased demand from Australia, California and Japan.178

Clean Development Mechanism (CDM)

The Clean Development Mechanism (CDM), adopted in the Kyoto Protocol in 1997,
is a program through which industrialized countries with binding emissions
reductions targets (Annex [ countries in the Kyoto Protocol) can pay for emissions-
reducing projects in developing nations (non-Annex I) to offset their emissions. In
the United Nations offsets program managed by the CDM, Certified Emissions
Reductions (CERs) worth one ton of carbon are approved on a project-by-project
basis.1’ CDM offsets projects do not yet include agriculture. Even if agricultural soil
carbon projects were approved, prices are extremely low: CERs dropped as low as
$0.31 in December 2012 trading on ICE Futures Europe.180

Resistance to including agricultural offsets in the CDM is highly politicized. One
major debate involves political concerns over jeopardizing food security in the
developing world. In addition, the basic technical challenges of agricultural offsets
make them unpalatable to the donor community. Finally, some developing nations
like Brazil are interesting in keeping agriculture off the table over fears that the
sector may come under a cap in the future.

One billion CERs have been issued, and they are tradable on many of these markets.
The CDM trading volume is about 5 million tons per day.181 The price of CDRs in the
first half of 2012 was US$4.50, and it recently dropped to just US$0.50.182 This
precipitous price drop is attributable to oversupply and EU restrictions on CDM use.
Future demand is uncertain.183

Different trading systems have various rules about using CDM offsets to meet
compliance obligations. Under EU-ETS, offsets can be used to meet approximately
6% of obligations on average.!8* Forestry-based CDM projects are currently
restricted in the EU-ETS trading scheme, which suggests significant challenges for
soil-based projects as well.185 In New Zealand, emitters can purchase either
domestic or international offsets or pay NZ$25 per ton in compliance.!8¢ However,
the government of New Zealand is currently considering rules to block the use of
CDM offsets starting in 2016.187

178 Kossoy and Guigon, 2012.

179 See CDM Project Cycle at http://cdm.unfccc.int/Projects/diagram.html.
180 Allan, 2012.

181 Newell et al., 2013.

182 Allan, 2012.

183 Newell et al., 2013.

184 Newell et al., 2013.

185 Schneck et al., 2011.

186 Newell et al., 2013.

187 Reklev, 2013.
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Although agricultural management projects are not accepted by the CDM, several

rangeland projects have been approved, including afforestation of degraded grazing

lands in Uruguay, Argentina and Columbia.188 CDM projects in Nepal include
deployment of 20,000 biogas digesters in households in support of the Biogas
Support Programme of the Nepalese Government and an efficient fuel wood cook
stove project in the Central Region.18? For a searchable database of CDM projects,
see http://cdm.unfccc.int/Projects/projsearch.html.

Table 7. Overview of Offsets Markets. Adapted from Kossoy and Guigon, 2012 and

Forest Trends, 2012.

COMPLIANCE MARKETS 2011

Market Volume Value (US S
(MtCO2e) Million)
European Union Allowance 7,853 147,848
Primary CDM 291 3,302
Secondary CDM 1,822 23,250
Kyoto Assigned Amount Unit (AAU) 47 318
Kyoto Removal Unit (RMU) 4 12
New Zealand Unit 27 351
Regional Greenhouse Gas Initiative (USA) 120 249
California Carbon Allowance 4 63
Others 26 40
Total 10,094 175,433
PROJECT-BASED TRANSACTIONS 2011
Market Volume Value (US $
(MtCO2e) Million)
Primary Certified Emissions Reduction 91 990
pre-2013
Primary Certified Emissions Reduction 173 1,990
post-2012
Primary Emissions Reduction Unit (ERU) 28 339
Voluntary Market 87 569
Total 378 3,889
TOTALS 10,281 176,020

188 CDM, 2013. See http://cdm.unfccc.int/Projects/projsearch.html.
189CDM Project 5416: Biogas Support Program - Nepal Activity-4 at

http://cdm.unfccc.int/Projects/DB/RWTUV1321020993.82 /view; CDM Project 4530: Efficient Fuel

Wood Cooking Stoves Project in Foothills and Plains of Central Region of Nepal at
http://cdm.unfccc.int/Projects/DB/DNV-CUK1298888484.88 /view.




Figure 8. Offset purchases by country, 2011. Adapted from Forest Trends, 2012.
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Multilateral, Bilateral & NGO partners

In the absence of significant progress on compliance markets, multilateral, bilateral
and non-governmental partners are stepping in to provide carbon finance as a
bridge. Ideally, a partner organization would provide the funding necessary to set
up the program and provide early incentives, and then the program would
transition to selling offsets on carbon markets. However, all indications suggest that
existing carbon markets may currently be too thin to support the quantity of offsets
being developed. In addition, carbon finance organizations’ experience in project
finance, institutional knowledge and policy expertise may be useful. These partners
may also be helpful in trying to assess the prospects for carbon markets.

Small-scale REDD+ pilot projects in Nepal rely on international institutions to
provide funding. For example, TMI partners with Wildlife Works Carbon for REDD+
carbon finance while WWF partners with MyClimate, a Swiss NGO. With current low
carbon market prices, these organizations (and others listed in Appendix 4) may be
able to provide higher and more reliable offset purchase prices.
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Appendix 1. Greenhouse gas mitigation management practices for
agriculture and grazing lands. Adapted from Smith et al., 2008.

C Sequestration Sample practices
CROPLAN D potential estimates by
limat t CO2 ha-1
MANAGEMENT A
Management Practice
AGRONOMY Cool-dry: 0.29 Improved crop varieties

Generate higher inputs of residue C and
increase yields to improve C storage

AGROFORESTRY

Production of food crops or livestock on
land that grows trees for timber,
firewood, or other products

NUTRIENT MANAGEMENT
More efficient application of fertilizers
and manures

TILLAGE/RESIDUE MANAGEMENT
Reduced or no tillage to minimize soil
disturbance

WATER MANAGEMENT

More efficient irrigation, drainage where

appropriate; can improve C storage in
soils through improved yields and
residues

Cool-moist: 0.88
Warm-dry: 0.29
Warm-moist: 0.88

Cool-dry: 0.15

Cool-moist: 0.51
Warm-dry: 0.33
Warm-moist: 0.70
Cool-dry: 0.26

Cool-moist: 0.55
Warm-dry: 0.26

Warm-moist: 0.55

Cool-dry: 0.15

Cool-moist: 0.51
Warm-dry: 0.33
Warm-moist: 0.70
Cool-dry: 1.14

Cool-moist: 1.14

Extended crop rotations

Reducing unplanted fallow

Adding more nutrients
Conservation tillage (mean increase
SOC over conventional)

Less intensive cropping

Legume rotation

Cover crops between rotations

Planting trees (may enhance soil
sequestration on land)

Adjusting nutrient application rates
("precision farming"

Slow-release fertilizers, nitrifications
inhibitors

Improved timing between
application and uptake

More precise nutrient placement

Avoiding excess application

Eliminating application where
possible

Conservation tillage (mean increase
SOC over conventional)

No-till methods

More effective irrigation

Drainage of agricultural lands in

52



RICE MANAGEMENT
Adopting practices that reduce emissions
related to rice production

SET ASIDE, LAND USE CHANGE
Converting cropland to other uses that
sequester more carbon through lower
disturbance of soil and less removal of
biomass

Warm-dry: 1.14
Warm-moist: 1.14

No estimate

Cool-dry: 1.61

Cool-moist: 3.04
Warm-dry: 1.61

Warm-moist: 3.04

humid regions

Draining wetland rice several times
in the growing season to reduce CH4
emissions (note: this may result in
higher N20 emissions and be
infeasible depending on water
supply)

Keeping soil dry during off-rice
season

Adjusting timing of organic residue
additions to dry periods

Composting residues before addition

Producing biogas

Returning cropland to native
vegetation

Converting cropland to grassland

Converting drained cropland back to
wetlands

GRAZING LAND
MANAGEMENT

Management practice

C Sequestration
potential estimates
by climate zone (t
CO2 ha-1yr-1)

Sample practices

GRAZING INTENSITY

Altered grazing intensity and timing can
affect grassland growth, C accrual, and
flora. Optimally grazed lands generally
have higher carbon accrual.

INCREASED
PRODUCTIVITY/FERTILIZATION
Enhancing the productivity of grazing
lands promotes C storage

NUTRIENT MANAGEMENT
Designing soil additions to maximize

Cool-dry: 0.11

Cool-moist: 0.81
Warm-dry: 0.11
Warm-moist: 0.81
Cool-dry: 0.11

Cool-moist: 0.81

Warm-dry: 0.11
Warm-moist: 0.81
Cool-dry: 0.11

Optimize grazing intensity and
timing, however, effects are highly
location- and climate-specific

Correcting nutrient deficiency with
fertilizer or organic amendments
increases plant litter and thus C
storage (note: adding nitrogen may
result in N20 emissions)

Irrigating grasslands can also
enhance productivity, but net GHG
depends on how irrigation occurs

53



FIRE MANAGEMENT

Reducing frequency and intensity of fire
leads to more vegetative cover and
higher C density in biomass and soil;
avoids CH4 and N20 emissions

Cool-dry: 0.11 Fire suppression, managing

vegetation to reduce fuel load,
burning at select times of year

Cool-moist: 0.81
Warm-dry: 0.11
Warm-moist: 0.81

MANAGEMENT OF
ORGANIC SOILS &
DEGRADED LANDS

Management Practices

C Sequestration
potential estimates
by climate zone (t
CO2 ha-1yr-1)

Sample practices



Appendix 2. Nepal Soil Carbon Estimates: A Review

Estimated soil

Study Region Land Use organic carbon

Balla et al, 2000 Andheri Kohla Watershed Rainfed uplands 7.5-11.1 g kg-1
Paddy fields 3.3gkg-1
Forest 46.2 g kg-1
Shifting cultivation 10.4 g kg-1

Shah et al, 2000 Jhiku Khola Degraded land 9.9 g kg-1

Tripathi, 2003 Western hills, altitudinal effects Elevation <600 m 10.7 g kg-1
600-100 m 15.9 g kg-1
1000-1600 m 22.4gkg-1
1600-2200 m 29.0gkg-1
Paddy fields 18.2 g kg-1
Rainfed uplands 213 gkg-1




Subtropical, Cultivated >50 year

Rice-tobacco-maize 30-
60cm
Rice-mustard-maize 0-
15cm
Rice-mustard-maize 15-
30cm
Rice-mustard-maize 30-
60cm

Rice-wheat 0-15cm
Rice-wheat 15-30 cm
Rice-wheat 30-60cm
Rice-vegetables 0-15cm

Rice-vegetables 15-30cm
Rice-vegetables 30-60cm

Rice-sugarcane 0-15cm
Rice-sugarcane 15-30cm
Rice-sugarcane 30-60cm

5.8 g kg-1
4.8 g kg-1
3.4 g kg-1

2.6 g kg-1
5.1gkg-1
2.7 g kg-1
1.6 gkg-1
6.1 g kg-1
3.6 g kg-1
2.1gkg-1
4.3 g kg-1
3.6 g kg-1
1.7 g kg-1

Appendix 3. Relevant Soil Carbon Methodologies

Methodology Developer Approver Applications  Link

Adoption of BioCarbon VCS* Agriculture http://v-c-s.org/methodologies/VM0017

Sustainable Fund, World

Agricultural Land Bank

Management

Soil Carbon The Earth VCS Agriculture, http://v-c-s.org/methodologies/VM0021

Quantification Partners grassland,

Methodology rangeland

Sustainable Grassland ~ FAO** VCS Grassland http://v-c-

Management s.org/methodologies/methodology-
sustainable-grassland-management-sgm

Emissions Reductions Terra Global ~ ACR*** Agriculture: http://americancarbonregistry.org/carbon

in Rice Management Capital et al Rice -accounting/emission-reductions-in-rice-

’ management-

Systems systems/Voluntary%20Emission%20Reduc
tions%20in%20Rice%20Management%20S
ystems%20PUBLIC%20COMMENT.pdf

Grazing Land and Winrock ACR Rangeland, http://arpericancarbonregistry.org/carbon

Livestock Management International Livestock ;ja::c"r:’p:?o”ng/ =l el

management

Rice Cultivation Project CAR**** CAR Agriculture: http://www.climateactionreserve.org/ho

Protocol Rice w/protocols/rice-cultivation/

Soil Carbon Protocol CAR CAR Agriculture, http://www.climateactionreserve.org/ho

grassland w/protocols/soil-carbon/
’
rangeland

*Verified Carbon Standard
** Food and Agriculture Organization of the United Nations
***American Carbon Registry
**** Climate Action Reserve
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Appendix 4. Potential carbon finance partners for TMI.

190

Organization

Website

The BioCarbon Fund at the World Bank
The European Investment Bank
The Hatoyama Initiative, Japan

International Climate Initiative, Germany

Adaptation for Smallholder Agriculture
Program at the International Fund for
Agricultural Development

DEG - Deutsche Investitions und
Entwicklungsgesellschaft mbH

Climate & Development Knowledge
Network

International Climate Fund, UK

KfW Entwicklungsbank Development and
Climate Finance, Germany

Least Developed Countries Fund, Global
Environmental Facility

Nordic Climate Facility at the Nordic
Development Fund, Finland

My Climate

Wildlife Works Carbon

Climate Care

Climate Friendly

Eco Act

CO, Balance

https://wbcarbonfinance.org/
http://www.eib.org
http://www.climatefundsupdate.org/listin
g/hatoyama-Initiative

http://www.bmu-
klimaschutzinitiative.de/en
http://www.climatefinanceoptions.org/cfo
/node/3334

http://www.climatefinanceoptions.org/cfo
/node/40
http://www.climatefinanceoptions.org/cfo
/node/267
http://www.climatefinanceoptions.org/cfo
/node/3310
http://www.climatefinanceoptions.org/cfo
/node/200
http://www.thegef.org/gef/LDCF

http://www.ndf.fi/index.php?id=22

http://www.myclimate.org
http://www.wildlifeworks.com
http://www.climatecare.org
http://www.climatefriendly.com
http://en.eco-act.com
http://www.co2balance.com

190 For comprehensive updates on multilateral and bilateral climate financing opportunities, see
UNDP/World Bank website for Climate Finance Options at
http://www.climatefinanceoptions.org/cfo/ and an independent website, Climate Funds Update, at
https://sites.google.com/a/climatefundsupdate.org/climate-funds-update/.
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