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Remarks from Minister of Agriculture

Today we are constantly alarmed by the speed
and intensity of global warming. Global warm-
ing which is marked by an increase in the earth’s
surface temperature has an impact on other el-
ements of climate and weather in all regions of
the world and has a direct effect on the econo-
my and food security. This global warming is trig-
gered by an increase in greenhouse gas emis-
sions from various sources. Therefore, the parties
to the United Nations Framework Convention on
Climate Change (UNFCCC) have pledged a sig-
nificant emission reduction as stipulated in the
Paris Agreement at the 215t UNFCCC Conference
of Parties (COP) meeting on 12 December 2015.
As a member of the UNFCCC Indonesia has com-
mitted to reduce Greenhouse Gas (GHG) emissions by 29% with its own efforts and 41% with
foreign collaboration by 2030 relative to the Business as Usual (BAU).

The agricultural sector is very vulnerable to the impacts of climate change. An increase in air
temperature will reduce productivity and increase pest and disease attacks. Changes in rainfall
distribution patterns will make it difficult to determine the planting time and create uncertain-
ty of water availability. An increase in extreme climate events triggers floods, landslides and
droughts. In addition, sea level rise expands the area affected by salinity and inundated areas,
including agricultural areas. Therefore, adaptation efforts are a must to be able to maintain
national food security.

Some examples of adaptation actions taken are: the use of varieties that are adaptive to tem-
perature increases and resistant to pests and diseases, the application of an Integrated Crop-
ping Calendar (KATAM), improvement of soil physical properties to increase infiltration and
water holding capacity by applying organic matter, water conservation and water harvesting,
developing plant varieties that are drought and flood resistant as well as salinity tolerant, main-
taining nutrient balance and sufficiency, and improving livestock management.

In facing the challenge of global warming that can threaten national food security, there are
numbers of national programs that can improve resilience of agriculture from the adverse ef-
fects of climate change and at the same time reduce GHG emissions significantly. The Ministry



of Agriculture continues to encourage farmers and farming business to implement various cli-
mate smart agricultural, both based on the results of research and studies by research institu-
tions and from local wisdom developed elsewhere.

| welcome this booklet as a supplementary material for G-20, 2022, on issues related to agricul-
ture. | thank the authors who have allocated their precious time for writing. This booklet is in-
tended for G20 member countries and beyond, on Indonesian agriculture, and the adaptation
and mitigation strategieas and effort that have been done so far.

Syahrul Yasin Limpo

Minister of Agriculture of Indonesia
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Introduction

Introduction

Fahmuddin Agus

Indonesian Soil Research Institute

Climatechangeisareality thatis happeningandaffecting all aspects of lifeand agriculture,
being one of the most vulnerable sectors is severely affected and becoming the victim of climate
change. Range of climate change phenomena, including increased air temperature, stormier
but shorter rainy season resulting in floods, longer dry season causing agricultural land drought
and hence crop failure, strong winds that cause crop damage are all affecting agriculture in a
negative way. Being a victim, agriculture must improve its resilience through adaptation.

Prioritizing adaptation is in line with the agreement of the United Nations Conference of
the Parties 26 (COP 26) on climate change held in November 2021 (see FCCC/SB/2021/L.1; https://
unfccc.int/sites/default/files/resource/sb2021_L01_E.pdf). The Subsidiary Body for Scientific and
Technological Advices (SBSTA) and the Subsidiary Body for Implementations (SBI) welcomed the
Koronivia road map workshop on topic 2(d) (Improved nutrient use and manure management
towards sustainable and resilient agricultural systems and the workshops on topic 2(e) (Improved
livestock management systems, including agropastoral production systems and others) and 2(f)
(Socioeconomic and food security dimensions of climate change in the agricultural sector).

Having considered the report on the workshop on topic 2(d) of the Koronivia road map,
the SBSTA and the SBI recognized that soil and nutrient management practices and the optimal
use of nutrients, including organic fertilizer and enhanced manure management, lie at the core
of climate-resilient, sustainable food production systems and can contribute to global food
security.

Having considered the report on the workshop on topic 2(e) of the Koronivia road map,
the SBSTA and the SBI also recognized that livestock management systems are very vulnerable
to the impacts of climate change, and that sustainably managed livestock systems have high
adaptive capacity and resilience to climate change while playing broad roles in safeguarding
food and nutrition security, livelihoods, sustainability, nutrient cycling and carbon management.
They noted that improving sustainable production and animal health, aiming to reduce
greenhouse gas emissions in the livestock sector while enhancing sinks on pasture and grazing
lands, can contribute to achieving long-term climate objectives, taking into account different
systems and national circumstances.

Having considered the report on the workshop on topic 2(f) of the Koronivia road map,
the SBSTA and the SBI recognized that socioeconomic and food security dimensions are critical
when dealing with climate change in agriculture and food systems. They also recognized the
fundamental priority of safeguarding food security and ending hunger by designing sustainable
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and climate-resilient agricultural systems applying a systemic approach in line with the long-
term global climate objectives, further recognizing the importance of long-term investments in
agriculture focused on this objective.

The SBSTA and the SBI noted the importance of scaling up support to enhance action on
safeguardingfood and nutrition security and ending hunger, aiming forinclusive, sustainableand
climate-resilient agricultural systems, taking into consideration the vulnerability of agriculture to
the impacts of climate change. They recognized the need to improve the enabling environment
for mobilizing resources to implement action at the local, national and international level.

The SBSTA and the SBl invited Parties to consider relevant policies, actions and measures,
including national plans and strategies, that would help with implementing the activities
referred to in previous paragraphs above.

The SBSTA and the SBI welcomed the participation in the workshops the observers and
representatives of the operating entities of the Financial Mechanism; the Adaptation Fund; the
Least Developed Countries Fund and the Special Climate Change Fund (both administered by
the Global Environment Facility); and the constituted bodies under the Convention. They also
welcomed the work already undertaken on issues related to agriculture by these entities. The
SBSTA and the SBI encouraged the continued involvement of constituted bodies and financing
entities in the Koronivia joint work on agriculture, highlighting the potential of creating
interlinkages that lead to enhanced action and improvements in implementation.

Other topics that will also be considered by the SBSTA and SBI is the results of the
intersessional workshop on the topics: sustainable land and water management and strategies
and modalities to scale up implementation.

It's clear that all of the decisions on the topics of agriculture emphasize the importance
of adaptation actions, considering the strategic importance of agriculture in producing food
and ensuring sustainable food security. Mitigation is aimed while adapting to climate change,
meaning that it's one of the co-benefits expected from adaptation.

In this book we showcase efforts that have been done by Indonesia in dealing with

Figure 1.1. Impacts of climate change on agriculture, flood and drought
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climate change, in particular the adaptation actions. Chapter 2 elaborates the Causes of Climate
Change and Climate Change Hazards. The causes bring global perspectives of climate change,
while the threats emphasize the threats to Indonesian agriculture. Chapter 3 is a glance of
Indonesian agriculture and the general policies on adaptation and mitigation. Chapter 4 is
on the lowland (flooded) paddy system, how it is impacted by climate change, methane and
nitrous oxide emissions from the system and adaptation strategies and co-benefits in terms
of mitigation. There are two main systems of agriculture under upland (non-flooded system);
annual crops and perennial crops, the former being more vulnerable than the latter. These
subjects are explained in Chapters 5 and 6, respectively. Following the description of the
annual and perennial agricultural systems, explanations continued with the impact of climate
change on the crops, emissions (and sequestration) from each system and adaptation actions
and adaptation co-benefits. Wetlands, including peatlands, are important land resources in
Indonesian agriculture. In Chapter 7 we elaborate on the kinds of agriculture on wetlands,
how the system is impacted by climate change, the emissions from wetlands, and adaptation
strategies, as well as the co-benefits. Animal husbandry is dominated by smallholders and the
system is not free from climate change impacts and it is a source of GHG emissions. There are
opportunities to increase resilience and at the same time harvests the co-benefits. This subject is
in Chapter 8. Land use and land use change could be the major source of emissions in the land
based sectors. It could also be the major source of mitigation, depending on how high and how
low the carbon stock of the displaced land and how high is the carbon stock of the agricultural
crop. The government of Indonesia has enacted regulation to curb GHG emission from land
use change and this aspect is explained in Chapter 9. Finally, none of the adaptation action
could be done without full consideration of the socio-economic aspects of the actions and this
is elaborated in Chapter 10.
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Causes of Climate Change

Causes of Climate Change and its
Impacts on Agriculture

"Kasdi Subagyono, 2Elza Surmaini, 2 Woro Estiningtyas, 2 Erni Susanti

' Secretariat General, Ministry of Agriculture of Indonesia
2|ndonesian Agroclimate and Hydrology Research Institute

Agriculture both contribute to and affected by climate change. Farming in particular
releases significant amounts of methane and nitrous oxide, two powerful greenhouse gases.
Agricultural GHG emissions is responsible for 8% of total Indonesia emission by excluding
forestry and other land uses and peat fire. Historical data shows that increasing temperatures
and changes in rainfall patterns have occurred in Indonesia and are projected to occur in the

future.

Indonesia has experienced a sea level rise up to 3.9+0.4 mm year’, that may contribute
to a loss of arable land through inundation and increased soil salinity, affecting crop growth and
yield. Increased temperature and changes in rainfall patterns have caused changes in planting
time, decreased productivity, land degradation, crop and harvest failures, and changes in
commodity suitability. Studies to date suggest that climate change has reduced growth in crop
yields by 1-2% decade™ over the past century, and adverse impacts are projected to increase in
the future.



Causes of Climate Change

Sources of greenhouse gases from various
sectors

Greenhouse gases trap heat and make the
planet warmer. Human activities are responsi-
ble for almost all of the increase in greenhouse
gases in the atmosphere over the last 150 years
(IPCC, 2007). The Green House Gases (GHQG) in-
ventory includes emissions of carbon dioxide
(CO,), methane (CH,), nitrous oxide (N,0), perflu-
orocarbons (PFCs), hydrofluorocarbons (HFCs),
sulfur hexafluoride (SF6) and nitrogen trifluoride
(NF3) in the following five sectors: Energy; In-
dustrial Processes and Product Use (IPPU); Agri-
culture; Waste; and Land Use, Land-Use Change
and Forestry (LULUCF).

In 2016, the total GHG emissions for the three
main greenhouse gases (CO,, CH, and N,O) ex-
cluding forestry and other land uses (FOLU) and
peat fire, amounted to 822 million tonnes CO_-e.
With the inclusion of FOLU and peat fires, the to-
tal GHG emissions from Indonesia become 1,457
million tonnes CO,-e. The main contributing sec-
tors were AFOLU including peat fires (51.59%)
followed by energy (36.91%), waste (7.71%), and
IPPU (3.79%) (Figure 2.1). The GHG emissions
were distributed unevenly between the three
gases at 82.46%, 13.29% and 4.26% for CO,, CH,
and N,O respectively (Republic of Indonesia,
2017)

Agricultural greenhouse gas (GHG) emissions
is responsible for 8% of total Indonesia emis-

With AFOLU (Incl Peat Fire)

Agriculture, _
8% . ~Waste, 7.71%
IPPU, 3.79% — \"
Energy , /

36.91% “-FOLU, 43.59%

IPPU, 8.72% —

sion by excluding forestry and other land uses
(FOLU) and peat fire. The major GHGs associated
with agricultural production are CH, and N,O.
CH, arising mainly from paddy rice cultivation,
the anaerobic decomposition of organic matter
during enteric fermentation and manure man-
agement. N,O arising from the microbial trans-
formation of N in soils and manures — during the
application of manure and synthetic fertilizer to
land and via urine and dung deposited by graz-
ing animals (Figure 2.2).

Document from Ministry of Agriculture
(2020) detailed that CH, emissions from rice cul-
tivation and enteric fermentation and N20 emis-
sions from soils are responsible for more than
80% of total agricultural GHG emissions. CH,
from manure management is the fourth most
important source of emissions, accounting for
about 14%. The remaining sources such as urea
fertilizer, biomass burning and liming make rel-
atively small contributions, accounting for 6% of
agricultural GHG emissions in total (Figure 2.3).

Between 2010 and 2020, the Indonesia’s ag-
ricultural GHG emissions changed very little,
and this trend is expected to continue (Figure
4). CH, emission need to decline by 10% by
2030 and 35% by 2050 (Rogelj et al. 2018). In-
donesia needs to reduce its emissions within its
‘fair-share’ range compatible with global 1.5°C
IPCC scenarios. A 1.5°C ‘fair-share’ pathway in
agriculture requires animal dietary shifts and cli-
mate-smart farming practices.

Without FOLU (Incl Peat Fire)

Agriculture, 14%

‘. — Waste, 13.66%

S

T Energy, 65.43%

Figure 2.1. National GHG emission (CO,, CH, N,0) by sector in 2016 (Data source: Republic of

Indonesia 2017)
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CH, from flooded rice

|

CH, from enteric
fermentation

Figure 2.2. Example of greenhouse gases emission from agriculture

Manure

management,

14.39% Biomass Burning ,
1.23%

Urea Fertilizer,

2.22% Liming, 0.01%

) 104,47
- million tonnes
CO,e

Soil management

Rice Cultivation,
, 17.96%

46.74%

Enteric
Fermentation,
17.45%

Figure 2.3. Source of emission from agriculture sector (MoA, 2020)
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Figure 2.4. Indonesia’s Agricultural GHG total emissions from 2010-2020 (MoA 2020)

Indonesia’s commitment is strengthened
through the first Nationally Determined Contri-
bution (NDC) document in November 2016 with
the stipulation of an unconditional target of 29%
and a conditional target of up to 41% compared
to the business as usual (BAU) scenario in 2030.
The projected BAU emission of agriculture sec-
tor in 2030 is 120 million tons of CO,-e, the pro-
jected emission for both unconditional/through
national mitigation efforts (CM1) and condition-
al (Strengthened by mitigation efforts through
international cooperation CM2) are estimated
at 110 million tons CO,-e and 116 million tonnes
CO,-e (MoEF 2021).

The signs of climate change

Increase of air temperature

An increase in air temperature is one indica-
tor of climate change caused by an increase in
GHG concentrations in the atmosphere. GHGs
are gases in the atmosphere resulting from vari-
ous human activities and natural processes such
as volcanic eruptions and others. This gas has
the ability to absorb solar radiation in the atmo-
sphere to a certain extent, causing the tempera-

ture on the earth’s surface to be warmer. How-
ever, if the concentration of GHG gases in the
atmosphere exceeds the threshold, it will cause
some of the solar radiation to be retained and
cannot be transmitted to the atmosphere, caus-
ing the earth to heat up excessively, resulting
in a GHG effect which in the long run will cause
global warming and trigger climate change.

Human activities are estimated to have
caused a global temperature increase of about
1.0°C compared to pre-industrial levels, with a
range of 0.8°C to 1.2°C. Global warming is likely
to reach 1.5°C between 2030 and 2052 if it con-
tinues to increase at current rates (optimistic
scenario). Even by 2100 the atmospheric tem-
perature is estimated to be more than 2°C high-
er than the temperature of pre-industrial times.
If that happens, it is feared that humans will not
be able to adapt. Therefore, the temperature rise
should be no more than 1.5°C. Net zero emis-
sions are required by 2050 to limit the tempera-
ture increase so that it does not exceed 1.5°C by
2100 compared to temperatures in pre-industri-
al times (IPCC 2019) (Figure 2.5).



Global warming relative to 1850-1900 (°C)

Observed monthly global
mean surface temperature
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Figure 2.5, Observed global temperature change and modeled responses to stylized anthropogenic emission

and forcing pathways (IPCC 2019)

Global temperature projection results using a
combination of 24 models CMIP5 GCM (Coupled
Model Intercomparison Project-General Circula-
tion Models) RCP: Representative Concentration
Pathways 2.6; 4.5; 6.0 and 8.5 indicate that Indo-
nesia’s average air temperature will increase by
2100 in all RCP scenarios but the increase will be
lower than the increase in global temperature
(MoEF 2019). The average temperature in Indo-
nesia is influenced by decadal variability. Based
on 30 years of data (1991-2020), various regions
in Indonesia have experienced an increase in
temperature. The rate of increase in tempera-
ture varies across locations, between 0.01°C and
0.06°C per year, with an average of 0.03°C per
year, so that in 30 years, the temperature in the
territory of Indonesia has increased by around
0.9°C (KLHK 2020). The results of the research by
Siswanto et al. (2015) based on historical data
from Jakarta for 130 years show that the daily
mean air temperature increased by approxi-
mately 1°C until the middle of the 20th centu-
ry and has increased by almost 2°C over the last
100 years (Figure 2.6). The increase in mean
temperature, exceeding that of the global land
temperature, is compatible with the effects of
increased urbanization in the transient develop-

ment of Jakarta in which the high-rise buildings
trap radiant energy in their walls and radiate
more thermal energy back to the surrounding.

Increase in air temperature has a significant
impact on agriculture production. Peng et al.
(2004) using a crop simulation model stated
that the decrease in yield due to an increase in
temperature of 1°C was 0.6 t ha™ and every 1°C
increase in minimum temperature will reduce
rice yields by 10%. In addition, the emergence
of pest and disease attacks can also be caused
by temperature conditions and other climatic
factors. A hot and humid environment is a very
favorable condition for pathogenic microbes.
The increase in temperature causes livestock to
be susceptible to disease and even cause death.
An increase in temperature also facilitates the
development of pathogenic and parasitic micro-
organisms, making livestock more susceptible
to disease.
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Figure 2.6. The anomaly of Jakarta Observatory (red) and global (black) mean surface air temperature

(Siswanto et al, 2015)

The change of precipitation pattern & areas
affected

The emergence of the phenomenon of cli-
mate change has caused changes in the pattern
and intensity of rain. The results of the study on
the impact of climate change in Indonesia show
that the change in rainfall is projected up to
30% from baseline conditions (MoEF, 2019). To
find out the distribution of rainfall in Indonesia,
Supari et al. (2016) conducted an analysis of 162
rain stations. For rainfall analysis, stations are
grouped into the three sub-regions i.e., A (mon-
soonal), B (semi-monsoonal) and C (anti-mon-
soonal) (Aldrian and Susanto 2003).

At regional scale, the trends of total annu-
al rainfall indicated notable spatial variations
throughout the country. Consistent with the
country level, the estimated trends at the region-
al scale were not significant. In Region A, which
is @ monsoonal regime, the decreasing trends
were spatially coherent in the southern part of
the country although the trends were mostly
not significant. In contrast, one station in the
North Sulawesi (also part of region A) showed
a significant increasing trend (Figure 7). Hence,
a station that has similar annual cycle may have
different characteristics of long-term changes.

10

On the other hand, Region B (semi-monsoonal)
and Region C (anti-monsoonal) showed a more
coherent trends that have a tendency towards
wetter conditions with rates of 52.09 and 107.34
mm decade’, respectively. However, some sta-
tions in Region B and Region C indicated signifi-
cant increasing trends of annual rainfall. Despite
the wetter tendency for Region B and C, the
overall trend for the country level was decreas-
ing. This is due to the fact that Region A covers a
much wider area than Regions B and C.

Figure 2.7 also clearly depicts the influence
of ENSO events in the inter-annual variability
of precipitation (PRCPTQOT) index. In Region C,
the decreased in PRCPTOT was also observed
in 1987, 1994 and 2002, indicating a consistent
impact of El Nifio events in this region. However,
during 2010 La Nifa event, the impact was only
clearly depicted for country level and Region A.
Historical data shows that increasing tempera-
tures and changes in rainfall patterns have oc-
curred in Indonesia and are projected to occur
in the future.
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Figure 2.7. Changes in the annual total of rainfall. Filled (open) triangles denote significant (not significant)
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cade. Time series of anomaly of annual rainfall total for across the country (a), regime of monsoonal rainfall
(b), regime of semi-monsoonal rainfall (c) and regime of anti-monsoonal rainfall (d) (Source: Siswanto et al.

2015)

Sea level rise

With thousands of small islands and tremen-
dous coastlines, Indonesia is expected to en-
counter severe impacts from a sea level rise. In
Indonesia, economic activity centers are mostly
located in its coastal cities, making them very
vulnerable to inundation. Sea level rises and
land subsidence pose many risks to communi-

ties, ecosystems, and the economy. Sea level
data in Indonesian waters varies with time from
the 1990s to 2019, but generally has an increas-
ing tendency. Therefore, continuous rate mea-
surements and future projections are needed to
find out how severe the sea level rise is in Indo-
nesia (Triana and Wahyudi 2020). The major im-
pact will be felt by about two million people live

1
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Figure 2.8. The trend of sea level rise in Indonesia in 1992-2020 is estimated to be

3.9¥0.4 mm year-1, based on NOAA (2020)

in coastal areas with an elevation of between 0
m and 2 m above sea level (MoE 2007). A sub-
stantial proportion of these agricultural areas
are within close proximity of the sea.

NOAA (2020), through data from TOPEX/PO-
SEIDON and Jason 1-3 altimetry satellites, es-
timates that Indonesia experienced a sea level
rise up to 3.9+0.4 mm/year between 1992 and
2020 (Figure 2.8). The highest sea level trend in
Indonesia was detected in the Pacific Ocean in
the north of Papua, which reached 10-12 mm
year-1, while the lowest trend was detected
in the south of Java, west of Sumatra, south of
Nusa Tenggara, and the Karimata Strait, which
only ranged 2-4 mm year-1 (Sofian et al. 2011;
Sofian 2013; Sofian and Nahib 2010, Nababan et
al. 2015).

The increased of sea level rise may contribute
to a loss of arable land through inundation and
increased soil salinity, affecting crop growth and
yield, especially in the dry season when water ir-
rigation is limited. Some rice areas in low lying
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areas adjacent to the coast are specifically vul-
nerable to inundation due to sea-level rise are as
follows (a) North coast of Java, (b) East Coast of
Sumatra. (c). South, east and west coast of Kali-
mantan. (d). West coast of Sulawesi. (e). Swamp
areas in Papua, located on the west and south
coasts (Forster etal. 2011).

The reduction of rice production in the Pan-
tura region (the northern coast of Java Island),
one of which is thought to be caused by a severe
salinity in the rice fields. In the dry season, salt-af-
fected land increases due to reduced irrigation
water in the mainland, while seawater intrusion
occurs through channels, streams, or swamps.
Agricultural land that is affected by seawater
intrusion, can reach as far as 20 km from the
coastline (Erfandi and Rachman 2011). ACIAR
(2018) delineated agricultural areas in Indone-
sia are within close proximity of the sea. On the
island of Java, about 29% of rice-growing areas
are within 10 km of the sea. The north coastline
is @ major rice-producing region for the country,
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Figure 2.9. Rice growing areas in Java Island with buffer zone within 5 km and 10 km (ACIAR, 2018)

with a path length around 1316 km (Figure 2.9).
Suroso et al. (2009), it is estimated that by 2050
the area of paddy rice fields could be reduced by
182,556 ha in Java and Bali, 78,701 ha in Sulawe-
si, 25,372 ha in Kalimantan, 3,170 ha in Sumatra,
and 2,123 ha in Lombok. In South Kalimantan,
tidal swamplands have been reclaimed for vari-
ous agricultural activities and are now especially
prone to risk due to sea-level rise (Saidy and Azis
2009).

Under elevated sea level, the sea water intru-
sion and water salinity will increase. The mixed
freshwater with seawater cannot be consumed
in a few months, and the farmers, could not have
paddy harvesting. The length of salinity intru-
sion depends on the balance between the fresh-
water upstream flow and seawater levels (Trin-
ugroho et al. 2020). In Indonesia, about 13.2
million ha of potential rice production areas in
tidal swampland are affected by salinity (Supri-
anto etal. 2010).

Based on extensive literature survey cover-
ing 30 years, it was found that majority of crop
plants fall within the sensitive end of the salt tol-
erance spectrum. According to Radanielson et al.
(2018), the exceeding threshold per 1 dS m™ will
pose a rice yield reduction to 12%. The high salt
content of seawater contaminates agricultural
soils and groundwater, impose constraints on
the growth and production of rice in Indonesia.
Based on the year 2017 data from the rice bas-
ket area in Java, more than a half-million hect-
ares of rice fields suffer salinity due to seawater
intrusion, with the average rice yield during the
dry season was 0.65 t ha lower than the yield
during the wet season (Sembiring et al. 2019).
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Extreme climate events

One of the impacts of climate change is the
increase in extreme climate events. BMKG (2019)
defines extreme climate when air temperature
is 3°C higher or lower than the average, strong
winds with a speed of >45 km hour”, heavy rain
with an intensity of 50 mm hour' or 100 mm
day' and horizontal visibility is less than 1 ki-
lometer. Extreme climate is climate event that
occur unusual and can disrupt human lives and
natural ecosystems caused by one or more cli-
mate indicators extremely changes. For exam-
ple, air temperature and rainfall changes ex-
tremely. Extreme climate will also happen when
a Day Without Rain (HTH) lasting more than 60
days. Extreme climate is statistically rare which
showed by variable value of climate parame-
ters are above or below the threshold value.
The threshold value of climate parameters is ob-
tained from observed data of a certain period of
time (30 years). The climate parameters that are
usually analyzed are rainfall, temperature, wind
speed and humidity.

Extreme climatic events such as El Nifo and
La-Nifa in several parts of Indonesia cause dif-
ferences in rainfall from normal conditions. El
Nifo is dominated by a decrease in rainfall
which causes drought disasters, whereas La

a) JJA (El Nifio)

Nifa is associated with an increase in rainfall and
floods. The results of the 2015 strong El Nifio and
2016 weak La Nifa analysis (Attoillah et al. 2017)
shows the impact of El Niflo began on dry sea-
son.That is decrease of rainfall below the normal
around 50-300 mm month-1 occurs in August to
October 2015, especially in southern Indonesia.
The impact of La Nifla was seen in September-
December 2016, where there was an increase of
rainfall above the normal around 50-400 mm
month™.

The composite precipitation anomalies
during El Nifio events show that are most of the
Indonesian region experienced a precipitation
deficit during both the JJA (June-July-August)
and SON (September-October-November) sea-
sons (Lestari et al. 2018). Figure 10 shows the
composite patterns of precipitation anomalies
over the Indonesian region during the JJA and
SON seasons for both El Nifio and La Nifa. (Fig-
ures 10(a) and 10(c). In contrast, during La Nina
events almost the whole Indonesian region
experienced a precipitation surplus in the JJA
season, except over the northern part of Suma-
tra (Figure 10(b)). Meanwhile, during the SON
season, La Nifa events caused positive precipi-
tation anomalies over the Kalimantan, Sulawesi
and Papua (Figure 10).

b) JJA (La Nifa)
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Figure 2.10. Rainfall anomaly during strong El Nifio and Weak La Nifia (Lestari et al. 2018)
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Figure 2.11. Disaster trend in Indonesia (2003-2017) and proportion of hydrometeorology disaster (source:

BNPB)

The impact of extreme climate is becoming
a serious problem for human lives all over the
world. The damage caused by extreme climate
has increased globally over the past few de-
cades. In many areas of the world including In-
donesia, extreme climate is becoming more ex-
treme. The impacts of extreme climate include
droughts, flood, landslide, erosion, hurricane,
forest fires, disease outbreaks, and crop failures.
The following is an illustration of the increase of
disasters in Indonesia during a period of 2003-
2017 (Figure 2.11.) and disasters happened
during a period of 2018-2020 according to the
record of BNPB namely: 3397, 3814, and 4650
and is dominated by floods and landslides.

According to Supari et al. (2016) there was a
significant change in the temperature index in
Indonesia during a period of 1983-2012. This
is consistent with other studies conducted in
various countries in Southeast Asia. The mean
daily maximum (TXmean) and minimum tem-
perature (TNmean) have increased significantly
by 0.18 and 0.30°C respectively. On the other
hand, extreme rainfall is generally insignificant
change spatially. However, wet conditions were
observed to have trend of change which is in
agreement with the results on a global scale.
The daily rainfall intensity (SDII) has increased
significantly across the country by 0.21 mm
day’ decade-1. The wetting trend of a number
of extreme rainfall indices is clearly illustrated
in the period of December-January-February

(DJF) and/or March-April-May (MAM), both at
the country and regional levels. Meanwhile, for
the southern part of Indonesia, drought was ob-
served increase in JJA and SON.

IPCC (2012) has warned that climate change
potentially to cause changes in the frequency,
area, duration and timing of extreme climate
events. Such extreme events can lead to un-
precedented extreme climate events. Extreme
climate events such as droughts and floods are
projected to occur more frequently with higher
duration and intensity in the future. According
to Surmaini and Faqgih (2016), the most influ-
ential extreme climate events for agricultural
sector in Indonesia are El Nifio and La Nifia. The
impact of these extreme climate events includes
increased crop damage area, reduced harvested
area as well as decreased crops productivity and
yield. The Indonesian Ministry of Agriculture re-
ported that the highest paddy damage area due
to drought occurred in El Nifio years, ranged be-
tween 350 and 870 thousand hectares. On the
other hand, in La Nina years the paddy damage
area due to flooding reached the highest area
of 311 thousand hectares (Figure 2.12). To some
extent, extreme climate events may create con-
ducive climate conditions for certain agricultural
commodities. For example, the prolonged rainy
season due to La Nifa has a positive impact on
rice production due to the increase in planted
area during the dry season planting.
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Figure 2.12. Paddy damage area due to drought (left) and flooding (right) (Data source: Directorate General

of Food Crops, MoA)

Brown Plant Hopper

120,600 250,000
) Moderate and strong
7 (LHUUU et e S i 5200.000 LaNmamdryseasDnv
£ BB ot e s e z
= = 150,000
z
< 50,000 =
g § 100,000
& 40000 e ®
< g
& 50,000
UL —

Normal El Nino La Nina

Figure 2.13. Affected rice field due to BPH in Normal, El Nifio and La Nifia years (left). Rice affected area in

moderate and strong La Nifa in dry season (right)

Changes in the amount, intensity, and fre-
quency of precipitation are very important in-
dicators of climate change. Insect species that
overwinter in the soil are directly affected by
overlapping rainfall. This event threatens insect
survival and at least affects their diapause. Su-
santi et al. (2019) studied the effects of increased
dry season rainfall cause rapid growth popula-
tion of Brown Plant Hopper (BPH). Data affect-
ed area due to BPH period 1989-2019 indicated
that increase of rainfall in La Nina years have
caused increased in affected area of BPH attack
three times from normal years (Figure 2.13).
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The data described above shows that the im-
pact of climate change experienced by the agri-
cultural sector is greater than its contribution to
GHG emissions. All indicators of climate change
have a direct impact on crop production such
as sea lever rise, temperature and rainfall. In ad-
dition to direct impacts, there are also indirect
impacts, such as increased attacks of pests and
plant diseases. Therefore, adaptation and miti-
gation efforts that have adaptation co-benefits
are a priority for the agricultural sector.
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Overview of Indonesia’s Agricultural
Adaptation and Mitigation Policies
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The agricultural sector is very vulnerable and a victim of climate change. Therefore,
adaptation should be the priority in order to maintain resilience to climate change and maintain
food security. At the same time, as agriculture is a source of greenhouse gases, there is a need
for this sector to also aim for mitigation, i.e. reducing the amount or else intensity of greenhouse

gases. In general, mitigation is seen as the co-benefits of adaptation, especially among the
smallholders.

There are policies on adaptation and mitigation at the global (United Nations Framework
Convention on Climate Change, UNFCCC) level. Meanwhile, there are regulations imposed
by importing countries with a focus on mitigation, and alongside those international policies
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there are national policies that may emphasize adaptation, mitigation, or a balance of both,

depending on the country’s circumstance.

This chapter starts with a general overview of Indonesia’s agriculture and how vulnerable
it is to climate change, and policies on adaptation and mitigation from the global to national
levels. This chapter concludes with the challenges in addressing those policies.

Indonesia’s agriculture and its vulnerability

From the total land area of 187.8 million ha
(Mha), 62.3 Mha is used for agriculture, 92.7
Mha is for forests, and the rest is for various uses
(FAOSTAT.  https://www.fao.org/countryprofiles/
index/en/? iso3=IDN). Indonesia’s agriculture
varies widely in terms of the crops being culti-
vated, the edaphic factors, the climate, and the
socio-economic backgrounds of the farmers.
As such the vulnerability to climate change also
varies, not only determined by the biophysical,
but also socio-economic circumstances of the
farmers.

Lowland rice area is about 7.1 Mha (Decree
of the Minister of ATR/Head of BPN-RI Number
339/2018). A more recent, but unpublished data
mentioned that the lowland rice area is about
7.46 Mha, while the harvest area between 2019
t0 2021 ranged from 10.4 to 10.7 Mha (bps.go.id),
meaning that, on average, harvesting intensity
is about 1.4 times per year. For other crops, the
“standard” area is not easy to define since many
of those crops share the same piece of land with
lowland rice during the dry season Agus et al.
(2019). For instance, maize could be planted
in a rotation with rice in an irrigated or rainfed
system. In the upland it is likely to be in rotation
with other crops too, such as peanut, soybean,
or vegetable crops (e.g. Santoso et al. 2021). The
area tends to decrease due to conversion to non
agricultural uses (Mulyani et al. 2016; Andrade
et al. 2021). Updated data is not available, but
the 2015 figures of harvest areas (Mha) is 3.75
for maize, 0.61 for soybean, 0.45 for peanut, 0.95
for cassava, and 0.14 for sweet potato (bps.go.id).
The irrigated lowland rice areas, lowland rainfed
areas, and the upland areas are vulnerable be-
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cause of the annual crops short and frangible
shoots and roots and hence easily affected by
drought, floods, and strong winds (Surmaini and
Agus 2020).

Besides the crop type — where annual crops
are relatively more vulnerable, the geographical
location determines vulnerability. With thou-
sands of small islands and hence, very long
coastlines, the coastal areas of Indonesia are ex-
pected to encounter severe impacts from a sea
level rise. NOAA (2020) estimates that Indonesia
experienced a sea level rise of 3.9+0.4 mm year
" between 1992 and 2020. Rice fields which are
dominant in its coastal areas are very vulnerable
to inundation. This may contribute to a loss of
arable land through inundation and increased
soil salinity, affecting crop growth and yield.
An increase in sea level of up to 1 m will cause
coastal areas which currently have an altitude of
1 m above sea level to be inundated, impacting
134,509 ha of rice fields throughout Indonesia,
of which 5% is located in the island of Java. This
event will cause a loss of rice production poten-
tial of up to 976,688 tons in that year (Surmaini
etal.2022).

The high salt content of seawater contami-
nates agricultural soils and groundwater, impos-
ing constraints on the growth and production of
rice in Indonesia. Based on 2017 data from the
rice basket area in Java, more than a half-million
hectares of rice fields suffer salinity problem due
to seawater intrusion, with the average rice yield
during the dry season of 0.65 t ha” lower than
the yield during the wet season (Sembiring et
al. 2019). Surmaini et al. (2022) concluded that
any increase in salinity will have an impact on re-
ducing rice production following a logarithmic



function. An increase in electric conductivity
(EC) up to 4 dS m™, causes a loss of 1,835 tons
of dry unhusked rice production per year where
production in Java contributes 46.5%.

Like for many food crops, defining the ar-
eas for tree based horticultural crops (such as
fruit trees) is not easy. Many trees are located at
home gardens or in combination with various
other crops in agroforestry systems (Abdoellah
et al. 2020). Large scale and monoculture fruit
trees are not common. These crops, being tree
crops, are relatively more resilient to extreme
weather events such as floods, droughts and
strong winds. Except for its relatively small scale,
in aggregate, these tree crops store a significant
amount of carbon.

Like fruit tree crops, annual vegetable crops
such as tomatoes, potatoes, carrots, broccoli,
cabbage belong to horticultural crops. They are
mostly planted on high elevation areas which
are usually associated with steep slopes, high
rainfall, and volcanic ash derived soils. The soil
is deep and high in organic matter (Sukarman
and Dariah 2015), but the steep landform and
the high intensity and high amount of rainfall
threaten soil conservation. Furthermore, the
higher frequency of weather extremes, such as
torrential rains (Surmaini and Fagih 2016) makes
the steep slope agriculture more vulnerable to
water erosion (Agus and Widianto 2004).

Plantation crops such as rubber, oil palm, and
cacao, develop relatively rapidly, but the expan-
sion is dominated by oil palm and to some ex-
tent, cacao (Figure 3.1). Oil palm plantation area
increased from 4.2 Mha in 2000 to 14.9 Mha in
2020. Cacao has expanded from about 0.6 Mha
in 2000 to about 1.5 Mha in 2020. Oil palm has
a very high adaptability to produce well on acid
soils, including very acidic peat soils. The main
prerequisite is high annual rainfall of at least
1750 mm year” with no distinct in dry months
(Djainudin et al. 2003). Cacao requires less acidic
soils with deeper solum (Aini et al. 2020).

Most plantation crops are tree crops with a
long life cycle and high carbon stock, meaning
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that if they are planted on lands with previously
low carbon stocks, such as grasslands or shrubs,
the plantation crops sequestrate carbon from
land use change and change the landscape car-
bon stock from low to moderate or high (Agus et
al. 2013). Among the plantation crops, oil palm
expands most rapidly, and cacao expands rela-
tively slowly. Rubber and coffee plantation areas
are almost unchanged (Figure 3.1). With regards
to their resilience, in general the perennial plan-
tation crops can withstand droughts and floods
better than annual crops, due to their deep root
distribution and tall stems such that they are not
easily inundated, nor do they easily dry due to
their long roots

Despite the more resilient and mitigating ca-
pacity, that does not mean that the tree crops
can be developed limitlessly without main-
taining the balance of the proportion of areas
among different commodities with market de-
mands and land suitability.

The urgency of adaptation and mitigation

Chapter 2 has explained the sources of
greenhouse gases and the signs of climate
change. Part 3.1. of this chapter has also high-
lighted Indonesian farming systems and their
vulnerability to climate change. This section re-
views literature on the urgency for adaptation
and mitigation.

The IPCC Assessment Report 6 (IPCC AR6)
published several books related to scientific ba-
sis of climate change, adaptation, mitigation,
as well as an improved methodology of GHG
inventories (https.//www.ipcc.ch/). IPCC (2019a)
demonstrates the trend of anthropogenic
warming and the maximum increase that can be
managed through adaptation and mitigation,
beyond which adaptation will be too difficult
and too costly to do. Should the world proceed
with the Nationally Determined Contribution
(NDC) scenarios, the 1.5°C temperature increase
will be easily exceeded. Hence a series of “deep
cut” carbon emissions must be conducted such
that the global average atmospheric tempera-
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Figure 3.1. Areas of selected plantations from 2000 to 2020 (data processed from bps.
go.id). Others include tea, kapok, cashew nut, nutmeg, cinnamon, candlenut, betel
nut, pepper, vanilla, clove, sugar cane, tobacco, lemon grass, castor, and patchouli

ture will not exceed 1.5°C by 2100. IPCC (2019b)
explains the relationship between climate
change and land, i.e. how climate change affects
lands, including the farming systems, and how
improved land management could improve ad-
aptation capacity among different farming sys-
tems, and at the same time can potentially miti-
gate climate change.

To be able to limit the temperature increase
below 1.5°C, the net zero CO, emissions need
to be achieved by 2050 (Figure 3.2). Reliance is
high on the energy sector, especially through
phasing out the use of non-renewable fossil fu-
els. In Glasgow United Nations Climate Change
Conference (COP 26) there were intensive talks
about phasing out of coal, which was respond-
ed differently among the producers and con-
sumers countries. Economic consequences and
countries’ readiness to replace this source with
non carbon-based fuels vary a great deal. “Glob-
al net human-caused emissions of carbon diox-
ide (CO,) would need to fall by about 45 percent

from 2010 levels by 2030, reaching ‘net zero’

around 2050. This means that any remaining
emissions would need to be balanced by remov-
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ing CO, from the air” (IPCC 2019).

The pathways to limit global warming to
1.5°C with limited or no overshoot, bioenergy
with carbon capture and storage (BECCS) de-
ployment is projected to range from 0-1, 0-8,
and 0-16 Gt CO, year™" in 2030, 2050, and 2100,
respectively, while agriculture, forestry and land
uses (AFOLU) related carbon dioxide removal
(CDR) measures are projected to remove 0-5,
1-11,and 1-5 Gt CO, year™' in these years (medi-
um confidence). The upper end of these deploy-
ment ranges by mid-century exceeds the BECCS
potential of up to 5 Gt CO, year" and afforesta-
tion.

BECCS is not agreed by some demand-side
countries and their measures rely on greater
AFOLU-related CDR measures. However, the
use of bioenergy can be as high or even higher
when BECCS is excluded compared to when it is
included due to its potential for replacing fossil
fuels across sectors.

CDR is not an easy subject. The measures
could have significant impacts on land, energy,
water or nutrients if deployed at large scale. Af-
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Figure 3.2. Global emission pathways for net zero emissions scenarios by 2050 for limiting the global warm-

ing below 1.5 °C (IPCC 2019)

forestation and bioenergy may compete with
other land uses and may have significant im-
pacts on agricultural and food systems, bio-
diversity, and other ecosystem functions and
services. Some AFOLU-related CDR measures
such as restoration of natural ecosystems and
soil carbon sequestration could provide co-ben-
efits such as improved biodiversity, soil quali-
ty, and local food security. If deployed at large
scale, they would require governance systems
enabling sustainable land management to con-
serve and protect land carbon stocks and other
ecosystem functions and services.

Figure 3.2 shows the pathways for achieving
net zero emissions by 2050. As shown on the
right hand side panel, while net zero emissions
is impossible for methane, black carbon, and
nitrous oxide, much of which is related to agri-
culture, but at the global level these emissions
can be reduced by various ways such as alter-
nate wetting and drying (for CH, from flooded
rice system), and balance fertilization to improve
nitrogen use efficiency. However, in developing

countries methane and nitrous oxide emissions
may increase to address the deficit of meat con-
sumption and to adjust fertilizations in accor-
dance with crop needs, respectively.

The nationally determined contribution and the
position of agriculture

Mitigation

Based on Indonesia’s updated First National-
ly Determined Contribution (1 NDC) the GHG
emissions of Indonesian Agricultural Sector in
2010 were around 111 million tons (Mt) CO,-e,
the third highest after Forestry and Energy (Ta-
ble 3.1). Under the business as usual (BAU) sce-
nario, emissions from the agriculture sector in
2030 will moderately increase to 120 Mt CO,-e.
With counter measure 1 (CM1) that relies on the
national efforts, the emissions in 2030 are esti-
mated at 110 Mt CO,-e (about 9 Mt CO,-e lower
than the BAU level). At the same time this value
also approaches the historical 2010 emission.
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Table 3.1. Historical and projected greenhouse gases emissions from different sectors based on Indonesia’s
first Nationally Determined Contributions

Sector GHG GHG Emission level 2030 GHG Emission reduction % Annual
emission average
2010°(Mt "m0 T om1 | cM2 | oM1 | cM2 | o1 | cwme | (2010-2030)

CO,-e)

1. Energy* 453.2 1,669 1,355 | 1,223 314 446 11 15.5 6.7

2. Waste 88 296 285 256 11 40 0.38 1.4 6.3

3. IPPU 36 70 67 66 3 3.25 0.10 0.11 34

4. Agriculture** 1M1 120 110 116 9 4 0.32 0.13 0.4

5. Forestry 674 714 217 22 497 692 17.2 24 1 0.5

and other Land

Uses (FOLU)*™**

Total 1,334 2,890 | 2,034 | 1,683 834 1,185 29 41 3.9

Notes: BAU is the business as usual scenario, CM1 is the unconditional counter measure which is based
on national efforts, CM2 is conditional counter measure, for which the scenario can be realized through
international collaboration. GHG = greenhouse gases.

*) Including fugitive

**) Only include rice cultivation and livestock

***) Including emissions from estate crop plantations

Under CM2, i.e. strengthened by international
cooperation (CM2), emissions in 2030 are esti-
mated to be 116 Mt CO,-e, which is about 4 Mt
CO,-e lower than BAU, but about 6 Mt CO,-e
higher than the CM1. This shows that increasing
efforts to control climate change in agricultural
sector are not necessarily effective in reducing
GHG emissions, but are expected to improve ag-
ricultural resilience against climate change.

The main source of emission in agricultural
sector included CH, from lowland rice, enteric
fermentation from livestock, direct N,O from soil
and manure and indirect N,O from soil (Figure
3.3). There are cross-sectoral sources of emis-
sions, such as emissions from agriculture, for-
estry and land use (AFOLU), including emissions
from peatlands. The AFOLU sector is inventoried
by the Ministry of Environment and Forestry and
this includes land use change to agriculture. We
recognize potential emission reduction from im-
proved water management in peatland by rais-
ing the water table, for instance by constructing
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canal blocks. Until present, this aspect has not
been recorded as part of the regular mitigation
achievement, but now temporarily inventoried
by the Ministry of Agriculture.

During the early development of the 1st
NDC, interventions in agricultural sector were
limited to only livestock and paddy rice and with
the volumes of intervention relatively very small
(Table 3.2). We briefly discuss the interventions
as shown in the 15*NDC (Table 3.2) and how rele-
vant they are now.

1. The use of low emission crops.

There are two or more simultaneous pro-
cesses taking place along with this interven-
tion. Besides the use of low CH, emission rice
varieties, there is also the dynamics of plant-
ing/harvest intensity, which was assumed to
increase from 2.11 to 2.5 in Java and from 1.7
up to 2.0 outside of Java islands. These are
expected to result in an increased planting
area, and hence the period of inundation
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Figure 3.3. Emissions from various sources in agricultural sector in 2020. The total national emission from

agriculture was 104 Mt CO,-e, which is already below the business as usual level of 2030

and CH, emission. The actual data showed
that the increase in cropping intensity
did happen in 2015, 2016, and 2017, but it
dropped again in 2018, 2019 and 2020 (un-
published data in Indonesian GHG inventory
for agricultural sector). Another optimistic
assumption which is not valid anymore, was
that all paddy fields outside Java would have
been improved to irrigated paddy systems
by 2030. Until present, there is no strong
indication of such development, and most
of rainfed areas will likely be under rainfed
management for some time in the future.

The use of low emission varieties potential-
ly contributes to mitigation (Gutierrez et al.
2013) and this is related to different root ex-
udates produced by the different varieties
(Aulakh et al. 2001), as well as the different
community structure of methane producing
bacteria (Eller and Frenzel 2001). In Indone-
sia, IR36 varieties is a conventional variety
with emission of one rice cycle of 202.3 kg
CH, ha'. The more popular variety recently

was Ciherang with CH, emission rate of 0.57
of the IR64. Hervani et al. (2019) provide a
list of 40 varieties, the length of each variety
crop cycle, average yield, and scaling factor
for CH, emission calculation.

It's important to note that in practice, in the
selection of rice varieties, the CH, emission
factor is not taken into consideration neither
by the government, nor by farmers. The main
consideration is the yield and rice quality that
the varieties can offer. While Ciherang meets
all three criteria (low emissions, high yield,
and good quality rice), low CH, emission va-
rieties may not associate with high yield and
high quality rice, depending on the future
rice genetic development.

. Efficient water management

This intervention is realized in the forms of
intermittent irrigation, flooding during the
vegetative growth and drying during the
generative phase of rice, and the system of
rice intensification (SRI) (Uphoff et al. 2015).
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Table 3.2. Emission reduction strategies and assumptions used in the First Nationally Determined Contri-
bution (Indonesia Updated NDC 2021, with modification for clarity). BAU is the business as usual
scenario, CM1is the unconditional counter measure which is based on national efforts, CM2 is
conditional counter measure, for which the scenario can be realized through international collab-

oration

Mitigation measures in
agricultural sectors

BAU

CM1

CM2

1. The use of low-emis-
sion lowland rice crops
varieties.

No mitigation actions.

In total, the use of land for
low emission crops is up to
926,000 hectares in 2030*.

In total, the use of land for
low emission crops is up to
908,000 hectares in 2030*.

2. Implementation of ef-
ficient water manage-
ment in lowland rice

No mitigation actions.

Implementation of water
efficiency is up to 820,000
hectares in 2030*.

Implementation of water
efficiency is up to 820,000
hectares in 2030*.

cultivation.

3. Manure management | No mitigation actions. Up to 0.06% of the total Up to 0.06% of the total
for biogas cattle in 2030**. cattle in 2030**.

4. Feed supplement for | No mitigation actions. Up to 2.5% of the cattle Up to 2.5% of the cattle
cattle. population in 2030**. population in 2030**.
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In doing so, not only the use of water be-
comes more efficient, but CH, emissions
also decrease due to the reduced number of
flooding days. Hidayati et al. (2016) claimed
an impressive 24% yield increase under the
system of rice intensification (SRI). Thakur et
al. (2013) claimed yield increase of 48% under
SRI, compared to the conventional flooding
rice system. However, Glover (2011) argued
that the claim of yield improvement under
SRI has been controversial and this is mainly
due to the lack of standardized description of
SRI, such that testing of the method is chal-
lenging.

The adoption of SRI varied depending on
the farmers’ backgrounds. A case study in
Timor Leste revealed that the more knowl-
edgeable farmers about the system and the
higher availability of labor likely increase the
adoption since SRl is not very simple and it's
a labor demanding technique (Noltze et al.
2012).

Manure management for biogas

The assumption of adoption of 0.06% in 2030
(Table 3.2) is very low and very conservative
because it was based on a small-scale biogas
program using small digestion tanks. This

program could belong to the energy sector,
but could be considered also as a rural de-
velopment program. There is a potential for
further development of this program, but it
also depends on the price of conventional fu-
els. Maintenance and gas piping systems are
not simple for farmers to manage, and hence
continued supervisions for this initiative will
be necessary to ensure maintenance.

. Feed Supplement for Cattle

The most common feed supplement for live-
stock, including cattle, is mixing grass with
high protein fodder, such as those of legu-
minous origin, as well as concentrate. These
supplements not only improve feed quality,
and hence livestock production, but also re-
duce CH, emission from enteric fermentation
(Chapter 8 of this volume). Again, what is
assumed in the NDC are small scale demon-
stration programs. The impact of the demon-
stration has not been taken into account.
Voluntary adoption by farmers is not yet re-
corded because of difficulties in activity data
collection.

However, in the annual reporting of GHG

emission reduction, mitigation actions also in-
cluded:



1. Intensified use of organic fertilizers. This in-
tervention is expected to increase soil car-
bon stock.

2. Balance fertilization which is mostly asso-
ciated with improving N use efficiency. This
intervention is especially suitable for areas
with overuse of the subsidized nitrogen fer-
tilizers. However, there are also areas with
underuse of N fertilizers where increasing
fertiliser uses, not only N, but also P and K,
should be prioritized. If this program is suc-
cessful the aggregate national N,O emission
may increase.

3. Raising water table in farming on peatlands.
Drained peatland is a major source of CO,. An
approach to reducing emission is by raising
water table by canal blocking.

Adaptation

At the 23 Conference of the Parties (COP)
as a new process to advance discussions on ag-
riculture in the United Nations Framework Con-
vention on Climate Change (UNFCCQ), the par-
ties agreed on a roadmap called the Koronivia
Joint Work on Agriculture (KJWA) roadmap. The
KJWA addressed six topics related to improved
soil management, nutrient use, water manage-
ment, livestock management, methods for as-
sessing adaptation, and the socio-economic and
food security dimensions of climate change in
the agricultural sectors (FAO 2018).

Following the completion of the series of
KJWA Workshop, Indonesia emphasizes the
importance of speeding up the implementa-
tion. The Indonesian government recognizes
the importance of the availability of the land
managers, and hence providing the means of
implementation becomes as a prerequisite for
adaptation. Due to its main role to ensure food
security, and as has been outlined in the KJWA
agreement, adaptation is the priority. Mitigation
is regarded as a co-benefit of adaptation. With
the same token, adaptation should be regarded
the entry point, and as much as possible, mea-
sures that address adaptation, has positive im-

Adaptation & Mitigation Policies

pacts on mitigation.

The KJWA outlined that improving soil and
nutrient management, including the use of
organic fertilizers and manure, is important
in increasing agricultural resilience to climate
change, creating sustainable food production
systems, and achieving global food security. It
was stated that some of these actions and pol-
icies already exist in the Indonesian agricultur-
al sector, but ambitions in the field of handling
climate change in the agricultural sector need
to be increased because it is very important to
increase the resilience of the agricultural system
and food security in Indonesia.

Indonesia’s National Development Planning
Agency (Bappenas) has recently launched a
policy recommendation document entitled Cli-
mate Resilient Development Policy, issued on 1+
April 2021. It will act as a guideline for handling
climate change for local and regional govern-
ments, as well as related institutions to imple-
ment the Medium-Term National Development
Plan (RPJMN) 2020-2024. In the 2020-2024 RP-
JMN, increasing climate resilience is targeted to
reduce potential economic losses from the im-
pacts of climate change by 1.15 percent of GDP
by 2024. Climate resilient development policies
are an implementation of the Sustainable Devel-
opment Goals (SDGs), Low Carbon and Climate
Resilience Strategy, Sendai Framework, and ful-
filment of Paris Agreement targets.
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Table 3.3. Adaptation activities by each cluster (adapted from BAPPENAS 2021)

Cluster Activities
Infrastructure 1) Development of water storage (dams, ditches, long storage);

2)  Development of irrigation networks through: (a) construction of tertiary irrigation
networks on agricultural lands, (b) new developments or modifications of irrigation
systems into piped irrigation, drip irrigation, and sprinklers;

3) Provision of flood protection buildings with restoration and construction of polders
in paddy fields, and construction of river embankments around agricultural lands;

4)  Provision of adaptive farming facilities such as superior plant seeds with high pro-
ductivity and resistance to climate stress and pests, provision of organic fertilizers,
provision of pest control facilities, and provision of modern machinery to increase
labour efficiency; and

5) Expansion of agricultural land by building new paddy fields and other agricultural
areas on unproductive land.

Technology Implementing technologies:

1)  Tolerant varieties against drought, floods, salinity, and pests and diseases

2)  Agricultural machinery, for speeding up activities for tackling labor shortage.

3) Intermittent irrigation system and low emission rice varieties with high productivity;

4)  Organic matter application,

5)  Improvement of manure management;

6) Balanced fertilization

7)  Soil conservation techniques on mineral soils

8) Improved water management systems on peatlands for reducing the risk of fires
and GHG emissions.

9) Reducing land extensification in areas with high C storage and planting crops with
high C storage in areas with low C stock such as shrubs.

Capacity Building 1) Increasing awareness of policy makers on the danger of climate change

2) Farmer’s counselling and assistance, including technical guidance on climate-resil-

ient and low-carbon agriculture.
Governance and funding | 1) Climate insurance

2) Access to credit, finance

3) Labour intensive scheme

4) Regulation

In carrying out climate-resilient develop-
ment implementation actions, the government
establishes programs and activities through
the approach of Infrastructure Development,
Utilization of Technology, Capacity Building,
and Governance and Funding (Bappenas 2021).
These programs and activities need to be elab-
orated by each ministry and institution. For the
agricultural sector, the Ministry of Agriculture
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classifies adaptation activities as follows (1)
Provision of agricultural infrastructure (2) Im-
plementation of adaptation technology with
mitigation co-benefits, (3) Research and devel-
opment of adaptation and mitigation; (4) Capac-
ity building; and (5) Governance and funding of
climate change actions (Ministry of Agriculture
2022) as described in Table 3.3.
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Figure 3.4. Examples of climate change adaptation, clockwise from top-left, artificial lake as a water retarda-
tion lake in East Nusa Tenggara Province; cover crop of Arachis pintoi at ex-tin mining area of Bangka Island
as a measure to improve soil fertility and increase organic matter supply to the soil; Arachis pintoi cover crop
for pepper (Pepper nigrum) farm in Lampung Province. In sloping areas this cover crop can function not only
to improve soil fertility, but also reduce erosion by water; natural grass strips for filtering runoff water and

reducing erosion (location was unidentified)

Increasing mitigation ambition above NDC

Along with the accord of United Nations cli-
mate summit in Glasgow, in November 2021, in
which there is a pressing need to increase am-
bition of greenhouse gases mitigation, and that
by 2050 several developed countries commit
to achieve net zero emissions, Indonesia issued
Presidential Decree (PERPRES 98/2021) empha-
sizing the importance of economically valuing
carbon (NEK), which was then translated as car-
bon Cap-Trade-Tax. It's important to note that
for agricultural sector that has been discussed
under the Koronivia Joint Work on Agriculture
(KJWA), mitigation is not the main target. The
KJWA agreement emphasizes the importance of
improving agricultural resilience by improving

adaptation measures such that this sector can
maintain its role to ensure food security. Mitiga-
tion is aimed at, along with adaptation.

Since this policy is intended to increase mit-
igation ambition above that of NDC, the mea-
sures under NDC are considered as part of the
Cap (the new baseline). If a business sector can
lower the emissions below the NDC Cap target,
it can sell the carbon credit to other companies
that are yet to increase their mitigation achieve-
ment. Likewise, if a company fails to achieve
emission reduction target and its emission level
is not lower than the cap, then it must pay Tax
based on the difference between Cap and the
achieved emission level. For the initial step Indo-
nesia chose $2 per tonne CO,-e for the carbon
Tax.
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This carbon trading system may be very com-
plicated for smallholder farmers due to very
small scale farms (ranging from a fraction of
hectare to a few hectares) and so variable farm
practices, but it has a potential for large scale
plantations. The challenge is setting up the stan-
dardized methodologies for life cycle analysis
(LCA) of GHG emissions (Bessou et al. 2014). In
addition, the government could also implement
mitigation programs that are in synergy with ad-
aptation.

Setting the priorities

Agricultural sector is very vulnerable and a
victim of climate change, so adaptation is a pri-
ority in order to maintain resilience to climate
change and maintain food security (see options
in Table 3.3 and Figure 3.4). By adapting, it is
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Lowland Rice as the Main Producer
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Rice is the staple food of more than half of the world’s population including Indonesia
and take account as a strategic agriculture commodity. The data from the OECD-FAO stated
that the amount of rice consumption in Indonesia in 2022 up to 123.5 kilograms per capita
(Statista Research Department 2022). Indonesia’s people eat rice two or three times a day, which
often uses almost all domestic production only for consumption. Indonesia only exported rice
production for an average of 1,627 tonnes between 2013-2017 and imported from international
markets annually with an average of 751,000 ton or about 1% from national rice production and
2.3% from national rice consumption (FAO 2020; Sleet and Phoebe 2018). This condition showed
that the share of household expenditure on rice is the largest across the others. Meanwhile
global rice consumption remains strong, driven by both population and economic growth.
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Indonesia is the third largest producer of rice in the world after China and India (FAO
2020). Rice is Indonesia’s primary production system and the most important staple crop. Rice
area occupies 25% of total agriculture’s harvested area, with yields averaging 5.2 ton ha' between
2015 and 2019 (FAO 2020). Marked it as the highest yields in Southeast Asia, after Vietnam, and
exceeded theregional average of 3.8 ton ha by 36% (FAO 2020). According to Statistic Indonesia,
the total rice productionin 2021 is up to 55.27 million ton (increased 1.14% from 2020) from 10.52
million ha of harvested and total rice consumption reached 31.69 million ton or increased up to
1.12% compared to 2020 due to successful implementation of government policies and action
programs in rice intensification. Rice is critical to Indonesia’s food security; nationally, 92% of
households are net buyers of rice, including 87% of poor agricultural households who buy more
rice than they sell (Sleet and Phoebe 2018). Along with this increasing, about 14% of Indonesia’s
GDP comes from the agriculture sector, which is predominantly run by smallholder farmers
(93%). In terms of workforce, agricultural sector absorbed more labour during the pandemic
due to the decline in the manufacturing sector and other business sectors that encourage more
people to become farmers in rural areas.

Food security has become a central issue in various parts of the world i.e., climate
change. Climate change may cause negative effect to rice production, a decline that could
jeopardize food supply. On the other hand, rice cultivation has been identified as a source
of greenhouse gas (GHG) emissions, namely methane (CH,), nitrous oxide (N,0), and carbon
dioxide (CO,). With the potential to be further developed for national food security and exports,
the agricultural sector needs to improve productivity exponentially. However, some cultivation
methods for increasing rice production are likely to impact negatively on the environment if
sustainable systems are not developed to intensify rice cultivation. Hence, this chapter attempts
to summarize the information on the impact of climate change, the emission, the strategies to
do climate change adaptation and mitigation for improving rice productivity in lowland area, to
meet the future food demands.

Description of Indonesia’s lowland rice tal national rice production (FAO 2020). Though
upland rainfed systems and lowland irrigated

systems are both well represented, lowland sys-
tems tend to be heavily fertilized and can sup-
port three crops per year, and as a result account

Rice is cultivated in both lowland and up-
land throughout Indonesia. Lowland rice is rice
grown on land that is flooded or irrigated. While,

the upland crop typically being rainfed. Rice for 80% of Indonesia’s rice growing area and

cultivation in Indonesia, generally cultivated in 93% of total production, with 60% larger yields
wetlands (Figure 4.1). According to the Indone- than upland areas (FAO 2020).

sian Ministry of Public Works (MPW), approxi-
mately 60% of Indonesian harvested rice area
is irrigated, while the remaining 40% is rainfed.
Irrigated lowland rice yields on average are
about 60% higher than rainfed because most
of irrigated lowland rice fields are well-watered
and heavily fertilized. Lowland rice cultivation is
concentrated on Java (largest producer), but is
also prevalent on Sumatra and Sulawesi. These
three islands are contributing about 90% of to-

In Indonesia, there are typically three rice
growing periods or seasons, a single wet season
crop followed by two dry season crops. Approx-
imately 45% of total production is usually from
the wet season crop during October to April.
Indonesia’s main rice growing season for both
rainfed and irrigated systems occurs at the onset
of the rainy season around October and Novem-
ber, with harvesting taking place at the season’s
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Figure 4.1. Rice cultivation in Indonesia

close in April (FAO 2020). In tropical area such
as Indonesia, temperature and solar radiation
could not be limiting factors for cultivation, thus
rice cropping season is planned by a schedule of
irrigation or even by farmers arbitrary decision.
The increase of rice production in Indonesia is
achieved by implementing rice intensification
programs. This program includes balanced fertil-
ization, seed and varieties improvement, water
management, pest and disease control as well
as tools and machinery.

Climate change impact

Climate change has severely impacted all
sectors of life, agricultural sector is no exception.
Under the adverse impacts of climate change,
producing more rice for the future is an advance
challenge. Rainfall is the determining factor for
irrigation water supply while temperature con-
trols evapotranspiration and affects the length
of crop growing season. The frequency of occur-
rence of extreme events (flood and drought) are
increasing, which causes crop decline. Monsoon
dominates Indonesia’s climate (more than 50%)
which gives a degree of homogeneity across the
region. El Nifio is considered as one of the caus-
es of forest and land fire in the region. Outbreaks
of crop pests and diseases are often connected
with this phenomenon. Furthermore, Climate
change has led to substantial changes in the
dates of planting and harvesting, which has led

to changes in the growing season due to varia-
tions and uncertainties in rainfall and tempera-
ture, thereby impacting food demand. Naylor et
al. (2007) estimated that a 30-day delay in the
onset of rainy season will diminish wet season
rice production in West/Central Java and East
Java/Bali by about 6.5 and 11.0 %, respectively.

Indonesia is particularly vulnerable to
sea-level rise because thousands of small islands
and tremendous coastlines, with the country
ranked fifth highest in the world terms of the
size of the population inhabiting lower eleva-
tion coastal zones. Encroaching seawater and in-
creased salinity in groundwater tables is causing
much of the water supply and soil to become
too salty to grow crops. Myers et al. (2015) pre-
dicted that increasing CO, concentration over
the next 40-60 years will lead to deficiencies of
essential elements, including nitrogen (protein),
zinc, and iron, in C3 grains.

Mitigating potential food security issues by
projecting future rice production in Indonesia
through a climate projection and crop simula-
tion model is crucial to anticipate the impact of
climate change on rice production. Changing
rainfall patterns, rising temperature, and inten-
sifying solar radiation underclimate change can
reduce the rice yield in all three growing sea-
sons. Under the Representative Concentration
Pathway (RCP) 8.5 in the 2050s, the impact on
rice yield in the second dry season may decrease
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Figure 4.2. Projection of irrigated rice yield change in the dry season 2021-2035 and 2036- 2050 for the
RCP4.5 and RCP8.5 scenarios using CSIROMK3.6 model (Susanti et al. 2021)

by up to 12 % in Central Java (Ansari et al. 2021).
Susanti et al. (2021) integrated downscaled cli-
mate projections and crop simulation model to
provide projection of on rice production anom-
aly in 2035 and 2050 in Jawa Island using the
Representative Concentration Pathway (RCP) 4.5
(stabilization scenario, which means the radia-
tive forcing level stabilizes at 4.5 W/m2 before
2100) and 8.5 scenarios (BAU) to provide projec-
tion of rice production in Jawa Island. They con-
cluded that in the 2050, based on the RCP 4.5
scenario, it is projected that rice production in
dry season planting will decrease by 20-30%, ex-
cept in West Java, which is projected to increase
by 10%, while in the RCP 8.5 scenario, most of
Central Java and East Java will experience a de-
cline in rice production of > 30% (Figure 4.2).
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Impact of temperature increase

Temperature is considered one of the most
important factors affecting the rate of devel-
opment, growth and crop yields (Rehman et al.
2015). Rice yields are sensitive to the rising of
minimum temperatures in the dry season; yields
could decrease 10% for every 1°C increase in
minimum temperature (Peng et al. 2004). Tem-
perature extremely low and beyond optimum
can have detrimental effects and negatively af-
fects crop development, growth, and ultimately
reduces the grain yield (Fahad et al. 2017). The
impact of high temperature depends on intensi-
ty, duration, and timing of stress, however, there
are more negative effects during reproductive
stage (Tenorio et al. 2013). High temperature
causes various morphological symptoms, such



as leaf wilting, leaf curling and yellowing, and
reduced tiller number and biomass (Xu et al.
2020). Average temperature elevation of 1°C
during rice growing season reduced paddy yield
by 6.2%, total milled rice yield by 7.1%-8.0%,
head rice yield by 9.0%-13.8%, and total mill-
ing revenue by 8.1%-11.0% (Lyman et al. 2013).
Grain-filling rate was increased and the total
grain-filling duration was reduced by 21.3%-
37.1% for different genotypes at the grain-fill-
ing stage due to exposure to high temperature
(Shi et al. 2017). Another effects of temperature
increase are water availability, the occurrence
of strong winds, and the intensity and duration
of sunlight. Moreover, temperature rise increas-
es frequency of heat waves and the impacts on
pests, weeds, and plant diseases.

Impact of elevated CO, concentration

Rice as a C3 species has lower respiration
rates and higher photosynthetic and metabol-
ic efficiencies at high CO, concentration levels.

Hood: SH%
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The C3 group of plants are more sensitive to an
increase in atmospheric CO, concentration than
C4 plants. Increased CO, concentration enables
faster growth due to rapid carbon assimilation
(Woodward 1990). The main effects of elevated
CO, on plants are a reduction in transpiration
and stomatal conductance, improved water and
light-use efficiency, and thus an increase in pho-
tosynthetic rate. Elevated CO, increased grain
length and width as well as grain chalkiness but
decreased protein concentrations (Jing et al.
2016). However, according to Stigter and Winar-
to (2013) rice yield was estimated to increase by
0.5 ton ha™ for every increase in CO2 concentra-
tion.

Impact of changeable precipitation pattern

Indonesia’s climate consists simply of one wet
season and one dry season each year. The distin-
guishing feature of the wet season is that at least
200 mm or more of rain falls per month, and in
the dry season mean rainfall is less than that
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Figure 4.3. Distribution of farmers who have experienced flood and drought events in Indonesia (the rainfall
intensity unit in the legend is mm/year) (Rondhi et al. 2019)
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threshold. However, Indonesian rainfall exhibits
substantial variability within the year across dis-
tricts as well as within districts over time. There
have been changes in precipitation and cycles
of droughts and floods triggered by the Austral-
asia monsoon and by the El Nifio Southern Os-
cillation (ENSO) for the past three decades in In-
donesia (Naylor R. L. 2007; Boer 2010). Thus, this
has led to agricultural production damage, caus-
ing negative consequences for rural incomes,
food prices, and food security in Indonesia. Rain-
fall variability in Indonesia is influenced by many
large-scale climate phenomena, one of them is
El Nifo Southern Oscillation (ENSO). Figure 4.3
showed that more farmers have experienced
droughts than floods and farmers outside Java
are more vulnerable to climate change (Rondhi
etal. 2019).
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According to Surmaini et al. (2015), dam-
ages to rice crops due to droughts are mostly
occurred during dry season planting. The Indo-
nesian Ministry of Agriculture has reported that
during the El Nifio years, damages to crops due
to droughts have ranged between 350 and 870
thousand hectares and have led to significant
crop production lost. The damage mostly occurs
during dry season within May through October
as illustrated in Figure. 4.4.

El Nifio has played a key role by often lead-
ing to droughts resulting in decreased crop
yields that could further result in famine in some
food insecure regions (Hansen et al. 2011; lizu-
mi et al. 2014), including Indonesia (Naylor et al.
2007; D'Arrigo and Wilson 2008; Surmaini et al.
2015; 2019). Given the strong teleconnection of
ENSO and agricultural production, linking vari-

Figure 4.4. Plots of average paddy area planted
(dashed line) and average paddy damaged area
due to drought (solid line) in Indonesia against
calendar year (Surmaini et al. 2015)

Figure 4.5, Distribution of simulated rice yields
for crops planted on May 1in Bojongsoang and
Ciparay of Bandung District associated with the
SOl phases | +l1I (El Nifio), SOl phases Il + IV (La
Nina), and SOl phase V (Neutral) of March/April)
(Boer and Surmaini, 2020)

SOI = Southern Oscillation Index
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Figure 4.6. Rice-harvested areas, production, and GHG emissions in Indonesia (Ariani et al. 2021)

ations in crop yields with ENSO phases has the
potential benefit for food monitoring and early
warning systems. There are multiple metrics that
can be use as ENSO indices; however, there is no
consensus within the scientific community as
to which index best defines ENSO years or the
strength, timing, and duration of events (Han-
ley et al. 2003). Boer and Surmaini (2020) used
Southern Oscillation Index (SOI) March/April
phase in conjunction with crop simulation to
determine the likely rice yield in different ENSO
scenario in Bandung District. The result showed
that the averaged rice planted on dry season
have experienced the lowest simulated yields
following the El Nifio events (Figure 4.5).

Stronger ENSO climate oscillations are ex-
pected in the near future, as climate forecasts
project more frequent extreme El Nifio and La
Nifa conditions. In terms of future climate pro-
jection, Indonesia is predicted to experience
temperature increases of approximately 0.8°C

by 2030 and will be occurred at a rate highly
variable across regions of 1.16°C to 1.58°C until
2070 (Susandi 2007). Increasing temperature
causes pest’s reproduction, survival, spread and
population dynamics as well as the relationships
between pests, the environment, and natural
enemies (Skendzi'c et al. 2021). It is reported
that a reduction in crop yields will occur in some
parts of Asia at a level of 2.5-10% until 2020 and
5-30% until 2050 (Tesfaye et al. 2017). Studies
in Indonesia estimated that climate change will
likely decrease rice yield by 4% per year and it is
predicted that yield reduction will be at a level
of 20.3- 27.1% until 2050 (Bappenas 2011 and
World Bank 2007).

Emissions from lowland rice

Rice fields are important contributors of
CH, and N,O emissions. Recently, emission of
CH, from paddy fields was estimated for about
5-19% of the total CH, emissions, while fertilized
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Figure 4.7. CH, emission from rice during 2000-2020

agricultural soils was estimated for about 13-
24% of annual global N,O emission (Mosier et al.
1998; Olivier et al. 1998; Kroeze et al. 1999, IPCC
2007a). CH, and N,O have different global warm-
ing potentials (GWP) on a mass basis, which are
298 times higher for NJO and 25 times higher
for CH, than CO, on a 100-year time scale (IPCC
2007b). The CH, emission from rice field in Indo-
nesia were shown in Figure 4.6.

The Indonesia National Greenhouse Gases
Inventory including emission from rice cultiva-
tion (Figure 4.7) for the period 2000-2020 was
estimated by methodologies that comply with
IPCC Guideline (2006) for National GHG Inven-
tories and IPCC GPG for LULUCF. Agriculture
contributes about 6% to the national GHG in-
ventory. Methane emission from rice cultiva-
tion is the highest contributor to the total GHG
emission from agriculture sector through the
years compare to other sub-sectors. In the year
2020, it contributes about 46%. There were re-
duction emissions during 2019 and 2020 due
to different methods to calculate the harvested
area. This emission was calculated from lowland
and upland rice. Indonesia’s lowland rice area
is more than twice the size of upland rice area.
Farmers in lowland rice area tend to manage
their rice fields in continuous flooding condition
for the whole rice growing season which leads
to higher CH, emission. Rice cultivation is both
an important sequester of carbon dioxide from
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the atmosphere and an important source of
greenhouse gases (e.g. CH, and N,0) emission.
The island of Java as the main rice producer with
approximately 6.3 M ha harvested area in 2016
marked also as the island’s largest contributor to
the GHG emissions from rice cultivation (Figure
4.6)

Adaptation strategies and mitigation co-bene-
fits in lowland rice field

The Indonesian government submitted an
updated national climate commitment to the
United Nations. The plan includes new mea-
sures on adaptation and resilience and some
new targets in specific sectors, but has the same
top line emissions targets submitted in 2016: an
unconditional target to reduce greenhouse gas
(GHG) emissions 29% below business-as-usual
by 2030, or a 41% reduction target contingent
on sufficient international financial support. In-
donesia also submitted its first long-term strate-
gy to the UNFCCC, which indicated the country
plans to peak GHG emissions in 2030 and could
reach net-zero GHG emissions by 2060 or soon-
er. The agricultural sector has a strategic position
because the actions must be in line with activi-
ties/programs to achieve food security. The ag-
ricultural sector also plays an important role in
national economic and social resilience. Adapta-
tion action is the main strategy and mitigation is
a co-benefit.
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Adaptation is an effort to develop resistance
on the negative impacts of climate change
(Ridwan & Chazanah 2013). Adaptation actions
e.g., optimizing the management of land and
water resources; adjusting the management
of cropping patterns and timing, crop rotation
and varieties; development and application of
adaptive technology tools; the application of
adaptive (production, crop protection, harvest,
and post-harvest) and environmentally friendly
technology (IAARD 2011). While, GHG mitigation
opportunities in the agricultural sector e.g., wa-
ter-saving technology; the use of rice varieties
that emit low CH,; fertilization and ameliora-
tion organic matter management, and planting
methods.

Optimizing land management and water
resources

Sustainable management of agricultural land
and water is important to global food security,
especially in the face of climate change and in-
creasingly erratic weather. Marginal land such as
dry land, swamp land, acid sulphate land which
has relatively low productivity of agricultural
crops. This marginal land can be used as a fu-
ture agricultural land resource. Optimization of
land and water resource management aims to
increase production and productivity of agri-
cultural crops (IAARD 2011). Land conservation

is needed to provide an important aspect, es-
pecially for crop production, while maintaining
stabilization and improvement of ecosystem
functions. Optimizing land management can
be done through crop rotation, fertilization and
amelioration.

Adjustment of cropping patterns and tim-
ing is a strategic action to reduce the impact of
climate change due to changes in rain patterns
(Surmaini et al. 2011). Moreover, crop rotation
is an effort to improve soil structure, improve
drainage, reduce run-off and increase ground-
water availability. Crop rotation can also control
weeds and pest attacks so as to reduce the use
of chemical pesticides (Christensen et al. 2012).
Crop rotation between rice and secondary crops
as well as horticulture is a wise alternative to
maintain productivity and land fertility, and the
economy of farmers. Rice crop rotation with sec-
ondary crops can improve the soil structure of
paddy fields (Chen et al. 2021). Crop rotation can
also improve the chemical, physical and biolog-
ical properties of the soil (Suprihatin & Amirrul-
lah 2018).

Nitrogen (N) fertilizers containing sulphate,
ammonium sulphate and phosphorus gypsum
reduces CH, emissions (Yagi et al. 2020). The use
of urea in form of tablets slightly reduced CH,
emissions and significantly reduced N,O emis-
sions. Malyan et al. (2019) showed that the use of
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Figure 4.9. Water reservoir as water storage for harvesting precipitation

azolla was able to reduce the intensity of green-
house gases (GHGI) without reducing rice yields.
Biochar at a dose of 40 t ha' was able to reduce
N20 emissions and increase rice yields. Zhang et
al. (2020) further stated that the use of biochar
significantly decreased the GWP and GHGI val-
ues by 23% and 41% by increasing crop yields
by 21%, respectively. In general, biochar plays a
role in the denitrification process, facilitating the
reduction of N,O to N2 (Rittl et al. 2021).

Mitigation options with organic matter can
be done by using fine/mature organic fertilizer,
straw residues from previous plantings or com-
posting. The combination of straw management
with water regulation is effective in reducing
GHG emissions. The addition of organic matter
to land with Alternate Wetting and Drying (AWD)
irrigation resulted in lower daily CH, emissions
than in the flooded system (Figure 4.8). Carbon
levels in the soil are positively correlated with
CH, emissions in flooded systems (Ariani et al.
2019).

Utilization of water resources should be
aimed to increase water and food security by
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building many dams that act as water reservoirs
during the rainy season so that they can pro-
vide water during the dry season. The availabil-
ity of water in the dry season will increase the
planting index from IP-100 or IP-200 to IP-300
(Sutrisno & Hamdani 2020). The advantages of
dams and ditches for climate change anticipa-
tion include store run-off water during the rainy
season, to support the development of agricul-
tural systems in dry season, fisheries and live-
stock sub-sectors (Figure 4.9). Several irrigation
technologies that can be used to optimized land
management are joint wells (sumur renteng),
capillary irrigation, drip irrigation, spray irriga-
tion, ditch irrigation, saturated irrigation, inter-
mittent irrigation and rotational irrigation and
AWD (IAARD 2011; Setyanto et al. 2018).

Water regulation in addition to affecting rice
yields also influencing the amount of CH, emis-
sions and water efficiency. Several alternative
practices of direct seed planting in dry condi-
tions can also be done to combat the water crisis
(Haque et al. 2021). Temporary land drainage in
rice cultivation such as single drainage, multiple
drainage, mid-season drainage, and AWD can
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Table 4.1. CH4 emission under alternate wetting and drying (AWD) system for six rice growing seasons

(Setyanto et al. 2018)

CH4 emission (kg ha-1)
Season
CF AWD AWDS Average of season

Wet season 2013 250 | a 160 | a 159 | a 190 | D
Dry season 2014 300 | a 167 | a 253 | a 240 | CD
Wet season 2014 597 | a 323 | ab 221|b 380 | B
Dry season 2015 432 | a 303 |b 236 | b 324 |BC
Wet season 2015 699 | a 539 | a 553 | a 597 | A
Dry season 2016 425 a 260 | b 244 | b 340 | BC
Average of treatment 450 | A 292 | B 278 | B
CH4 reduction (%) 345 37.6

Means with different letters indicate significant difference at the 5% level
CF=Continuous Flooding; AWD = Alternate Wetting and Drying (water level 15 cm below soil during dried
phase); AWDS = site specific AWD (water level 25 cm below soil during drying phase)

reduce CH, significantly (Wassmann et al. 2000;
Sander et al. 2015; Setyanto et al. 2018). The
study of AWD in Indonesia showed a reduction
in GHG emissions of 34-37% (Table 4.1) and save
water by 10-20% compared to flooding treat-
ment. AWD is effective only in the dry season
(Sander et al. 2017).

New high yielding rice varieties that
tolerant in biotic and abiotic stresses

The Indonesian Agency for Agricultural Re-
search and Development (IAARD) has devel-
oped high-yielding rice varieties as the main ag-
ricultural commodity with several high-yielding
varieties that are tolerant to drought, i.e., Inpari
18, Inpari 19, Inpari 20, Inpago 4, Inpago 5, In-
pago, 6, Inpago 8 and Inpago Lipigo 5. The sub-
mergence tolerant rice includes Inpari 29, Inpari
30, Inpara 4, Inpara 5. The salinity resistant rice
varieties namely Inpari 34, Inpari 35 and Inpara
5. The rice varieties resistant to brown leafhop-
pers and leaf blight include Inpari 13, Inpari 18,
Inpari 19, and Inpari 20. Another variety resistant
to tungro disease is Inpari 9 Elo. Blast resistant
varieties, namely Inpari 15 Parahiyangan and
leaf blight resistant varieties is Inpari 28 Kerinci
(BB Padi 2016). Rice varieties that resistance to

bacterial leaf blight (HDB) pathotype Il are HIPA
9,10, 11, 12, 13, 14, and HIPA Jatim 2 (Jamil et
al. 2016). Gagak Hitam and Pandan Wangi rice
varieties were included in the resistant varieties
of pathogen Cercospora oryzae which causes
brown leaf spot disease. While, IR64, Inpari 4,
Sunggal and Ciherang were included in the sus-
ceptible varieties (Lakshita et al. 2019).

Indonesian Agricultural Environment Re-
search Institute (IAERI) has measured GHG emis-
sions from several superior rice varieties. Inpari
13 and Mekongga rice varieties emitted GHGs
with a low GWP of 10.3 ton CO2-e ha' and 12.8
ton CO2-e ha”, respectively, compared to 6 oth-
er varieties tested such as Ciherang, Inpari 18,
Inpari 31, Inpari 32, inpari 33 and IPB3S (Karti-
kawati et al. 2019). Mekongga and Inpari 13 rice
varieties produced more effective tillers up to
the generative phase compared to other variet-
ies that produced high CH, fluxes. Several variet-
ies of low CH, emission include Ciherang, Unsrat
2, Inpari 23, Inpari 28 (Kartikawati et al. 2018).
In paddy fields, CH, emission is end product of
the organic matter degradation and the result
of complex interactions between rice plants and
soil microbes under anaerobic conditions (Cice-
rone and Oremland 1988; Neue and Sass 1994;
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Conrad 1996; Conrad 2007). Under anaerobic
condition, more than 90% transport CH, from
rhizosphere into the atmosphere and the oxy-
gen diffusion into roots is mediated by the aer-
enchyma and intercellular space system of rice
plants and the rest is released by the bubbles up
from the soil and/or diffuses slowly through the
soil and overlying flood water.

Development & application of adaptive
technology & preparation of various
guidelines/tools

One of the efforts to reduce risk of yield loss
due to climate variability, is adjusting the plant-
ing times and applying cultivation technologies
that are in accordance with climatic conditions.
The Ministry of Agriculture has developed the
Integrated Cropping Calendar Information Sys-
tem (The ICCIS). The ICCIS can describe shifts in
planting time and planted area under climate
variability based on water balance calculations
with input prediction of rainfall for the next six
months conditions. This information is very use-
ful for farmers to optimize planting in favourable
climatic conditions, on the contrary reducing
the risk of crop failure/harvest in conditions of
insufficient rainfall for planting (Apriyana et al.
2021). The latest version of the ICCIS is available
on the website with an interface as illustrated
in Figure 4.10. The ICCIS contains recommen-

dations on planting time, cropping pattern,
planting area, varieties, fertilizers, agricultural
machinery, potential livestock feed, and crop
damage, due to extreme conditions for rice,
maize, and soybean, for the upcoming planting
season. The data displayed is from the national,
provincial, district to sub-district levels. Deter-
mining the suitable planting pattern and time
can support the sustainability of the agricultur-
al system in the future. This technology can also
help farmers get the accurate information and
make the right decisions in the next season. The
challenge of climate change will cause the use
of cropping calendar to provide benefits in sup-
porting increased crop production.

Integrated crop and livestock system

The integrated crop-livestock system (ICLS)
not only increases farmers’ income, but also re-
duces emissions of CH,, N,O, and CO, from pad-
dy fields and livestock. The main feature of the
ICLS is the mutually beneficial synergism be-
tween agricultural or plantation crops and live-
stock. Farmers use livestock manure as organic
fertilizer for their plants, then use agricultural
waste as animal feed (Hendrickson et al. 2008).
Application of manure as organic fertilizer re-
duces the use of inorganic fertilizers, improves
the structure and availability of soil nutrients
so increase land productivity and create a sus-
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Table 4.2. Yield, GWP and emission index under direct seeding and transplanting meth-

ods during the rainy season (Susilawati et al. 2019)

Treatment Yield (ton/ha) GWP (t CO2-e/ha) GHG Intensity
Direct seeding 4.9a 4.4b 00.09
Transplanting 5.2a 8.2a 01.06

Different letters in the same column showed significant differences at the 0.05 level on the
Tukey'’s HSD test. GWP = Global Warming Potential, GHG Intensity = Greenhouse Gas
Intensity (is calculated by dividing GWP by rice grain yield)

tainable agriculture. Integrated system of rice
plants and cattle reduced GHG emissions from
lowland rice about 23.2-32.0% and increase rice
yields by about 2.2-27.7% compared to conven-
tional method (Susilawati et al. 2021). Moreover,
utilization of animal dung into anaerobic biodi-
gester produce CH, for energy substitution as
an alternative fuel. In addition, the application
of ICLS increase the B/C ratio compare to con-
ventional land management by farmers. The ap-
proaches of environmental friendly ICLS model
that adaptive to climate change can be seen in

Figure 4.11. In this closed system, carbon is less
released into atmosphere and can be utilized ef-
ficiently as the concept of “zero waste”.

Planting methods

Direct seeding significantly reduced CH,
emissions compared to transplanting (Table
4.2). Aerobic rice and water-saturated land man-
agement (SRI cropping system) can reduce GHG
emissions. Rotation of rice crops with maize
or sorghum reduced CH, emissions (Yagi et al.
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2020). Crop rotation is applied to optimize se-
lected crops, especially to increase nitrogen
fixation while increasing soil carbon stocks and
reducing the need for inorganic fertilizers.

Closing

Rice is the world’s most important staple food
and pressure to grow more rice is increasing.
However, flooded rice fields have been identified
as a major source of atmospheric CH,. Methane
is released to the atmosphere through diffusion
of dissolved methane, ebullition of gas bubbles,
and via aerenchyma tissue of rice. The complex
interactions among formation and oxidation
of CH°C during rice growth and cultivation re-
quire an integrated, interdisciplinary research
approach and farmers participation, to achieve
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Upland is a stretch of land that has never been flooded or inundated most of the year
(Soil Survey Staff 2014). It plays an essential role in the national food supply (Dariah and Heryani
2014). It is also referred to as the second food land after the paddy fields as it meets half of
the national food, especially for rice (5%), corn (60%), and soybeans (40%) (Suryani et al. 2022).
The position of upland as food land will be increasingly important in the future because of the
further reduction of paddy fields due to land conversion that is difficult to control, also the
leveling off and degradation of some intensive paddy fields. On the other hand, the population
grows at 1.45% per year, impact on food demand continues to increase. Therefore, increasing
the productivity of upland is a must.

Increasing productivity and production can be achieved by intensifying existing areas
and increasing the planting area in new areas (extensification). BBSDLP (2015) states that the
potential for upland available for additional planting is 24.9 million ha. These lands face various
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difficulties, including low soil fertility, limited water resources, insufficient farmer human capacity,
etc., making it difficult to achieve production targets. Climate change is also another challenge
that is a serious obstacle to the development of annual upland, because annual upland is very
vulnerable to climate change, so it is essential to implement technologies that can improve
climate change adaptation.

Apart from being a victim of climate change, agriculture also contributes to the release of
greenhouse gas emissions. For this reason, agriculture is also committed to contributing to the
mitigation of greenhouse gas emissions. Emission mitigation in the agricultural sector is carried
out as long as production is not reduced. The option is to apply adaptation technology with
mitigation co-benefits. Several adaptation technologies in the annual upland, such as applying
soil and water conservation techniques, optimizing the use of organic matter, water harvesting
technologies, and others, have the opportunity to achieve mitigation co-benefits. Some of these
adaptation actions can also help reduce the rate of degradation of the upland, so agricultural
productivity in the upland can be sustainable. This chapter describes Indonesia’s annual upland,
climate change impacts and emissions from annual upland agriculture, adaptation strategies,

and mitigation co-benefits.

Description of Indonesia’s annual upland
agriculture

Indonesia has a land area of 191.1 million ha,
most of which (75%) is upland (144.5 million ha),
and the rest is wetlands, consisting of swamp
and non-swamp land (BBSDLP 2015). Almost
70% of the upland area is potential for agricul-
ture, or approximately 29.4, 1.1,66.7, and 2.4 mil-
lion ha are potential for food crops, horticulture,
perenials crops, and cattle grazing (pasture), re-
spectively. Considering forest areas within the
framework of agricultural sustainability, the rec-
ommended upland area for agricultural cultiva-
tion or Other Areas of Use (APL) is around 40.7
million ha, with a further 59.9 million ha being
forest areas. The potential and distribution of ag-
ricultural uplands are shown in Table 5.1.

In line with the population growth, the up-
land area used for agriculture is no longer suf-
ficient to cover the food need. Therefore, the
government makes forest land available for food
reserves, particularly in the Conversion Produc-
tion Forest (HPK) and Permanent Production
Forest (HP) areas. HPK areas are designated as
reserve areas for agricultural development in
Law 41/2009, while HP areas are production for-
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est areas that can still be converted if necessary.
There is the replacement of forest areas in Other
Areas of Use (APL). Based on the analysis results,
there are 29.9 million ha of land in the two forest
areas that have the potential for agricultural de-
velopment.

Annual crops other than rice are mainly
planted in the upland. The total annual area un-
der cultivation in Indonesia, excluding paddy
fields or what are referred to as secondary crops,
is around 16.2 million ha (BPN 2021), divided
between wet and dry climate zones. The annual
crops commonly planted are food crops (such as
corn, upland rice, and beans) and horticultural
crops, especially vegetables. Food crops are pre-
dominantly planted in the lowlands (Figure 5.1),
while vegetables are planted in the highlands
(Figure 5.2). Annual crops are generally planted
for two planting seasons per year in wet climate
areas. In areas with dry climates, annual crops
are generally only planted for one planting sea-
son per year unless there is support for supple-
mental irrigation. Short-lived vegetable crops
are usually planted for more than two planting
seasons per year (Figure 5.3).
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Table 5.1. The potential and distribution of agriculture upland (BBSDLP 2015)

Upland Potential (Ha)
Island : Area (Ha)
Food crops Vegetable crops Perennial crops Pasture

Sumatera 7,463,804 29,708 7,287,308 - 14,780,820
Jawa 1,710,159 646,071 4,172,000 - 6,528,230
Bali & NT 1,099,048 36,222 1,624,512 392,519 3,152,301
Kalimantan 3,966,867 - 6,647,383 57,413 10,671,663
Sulawesi 1,471,012 22,969 2,521,131 351,177 4,366,289
Maluku 276,094 1,766 380,044 29,382 687.286
Papua 342,466 - 154,748 9,048 506,262
Indonesia 16,329,450 736,736 22,787,126 839,539 40,692,851
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Figure 5.2. Vegetable crops in highland
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Figure 5.3. The conditions of annual crops that experience a water deficit

Upland management for annual crops faces
biophysical, socioeconomic, and environmental
problems.The main difficulty of upland manage-
ment from a biophysical aspect is the scarcity of
water to support agricultural production, even
in upland with wet climate conditions, since wa-
teris only available during the rainy season. Also,
most upland have relatively low soil fertility, es-
pecially on the acidic upland that dominates
Indonesia’s upland. The erosion potential of the
upland is relatively high as more than 50% of the
upland area lies on a gentle slope to a very steep
slope (slope >8%) (Hidayat and Mulyani, 2005).
Upland degradation rates are classified as high
and represented by an average of low to very
low organic matter content. The decrease in or-
ganic matter content is caused not only by ero-
sion and surface runoff but also by the accelera-
tion of the decomposition rate due to intensive
land management. In the meantime, the return
of organic matter to the field has not been car-
ried out optimally. In general, carbon stock (C)
decline has been associated with global issues
such as CO, emission and local issues such as soil
erosion, high nutrient leaching, and the low abil-
ity of the soil to store water.
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Climate change impact

Climate change greatly affects productivity
and production, as well as the quality of annual
crop yields, especially those planted on upland.
The impact of climate change on production and
productivity is due to increasing of air tempera-
ture, pest and disease attacks, intensity and fre-
quency of extreme climates, as well as seasonal
uncertainty. Seasonal uncertainty results in rain-
fall patterns are one of the impacts from climate
change that significantly affects the production
and productivity of annual crops because water
requirement depends on rainfall. Changes in the
rainfall patterns make it difficult for farmers to
manage planting schedules, resulting in un-op-
timizing planting time in the rainy season.

The increasing frequency and intensity of
El-Nifio and La-Nifa extreme climate events
(Subagyono and Surmaini 2007; Fagih and Boer
2013) significantly affected annual crop yields.
El-Nifio events can decrease rainfall, while La-
Nifa events can increase rainfall. These two cli-
mate anomalies have a greater impact on pro-
duction of annual crops than perennial crop due
to short live of annual crops. The average de-
crease in regular rainfall due to EI-Nifio is 80 mm
month™, while the increase in regular rainfall to



La-Nifa does not exceed 40 mm/month (Las et
al. 1999). The impact of El Nifo on the decline
in crop yields was highest for corne, reaching
11.93%. Then, soybeans, sweet potatoes, and
peanuts decreased by 5.10%, 4.74%, and 3.30%,
respectively (Irawan 2013). Corn is very sensi-
tive to water scarcity, while cassava is relatively
drought tolerant.

In contrast to El Nifo, La Nina tends to in-
crease secondary crop yields, particularly in up-
land ones, as rainfall increases water availability.
The secondary crops affected by La Nifa had the
highest yield increase in corn, at 3.92% (Irawan
2013; 2006). On the other hand, La Nifa has a
negative affect on vegetable crops which are
more sensitive to pests and diseases. Rainfall
and high humidity tend to increase the number
of pests and diseases. During the 2010 La Nifa,
increased pest attacks resulted in a 20-25% drop
in vegetable yields (Ditjen Hortikultura 2018).

The factors of high rainfall and prolonged
rainy season also impact the decline in harvest
quality because these factors hamper post-har-
vest activities, mainly because most farmers in
upland do not yet have post-harvest manage-
ment facilities. The drying process is usually
done after harvest, so a long rainy season can
disrupt the drying process, resulting in poor
quality and interrupted crop yields.

Annual Upland

Erosion is the leading cause of upland deg-
radation. Exceptionally high rainfall conditions
impact increasing the erosivity index (the ability
of rainfall to erode the soil). Excessive rainfall can
also cause inundation or flooding. In addition,
prolonged rainfall is prone to landslides, as most
annual highland farming activities are conduct-
ed on sloping land.

The subsequent impact of climate change on
the annual crop increases the CO, concentration
and air temperature. Increasing CO, concentra-
tion to a certain level can increase the rate of
photosynthesis, especially in C3 plants. In addi-
tion, the increase in CO, can decrease the rate
of transpiration due to reduced stomata open-
ings, aiding support water use efficiency. How-
ever, higher temperatures offset yield increases
due to increased CO, concentrations, leading
to water stress, delayed harvest maturity due
to increased aging, and shortened grain-filling
periods. Increasing the air temperature at the
optimal point can help the metabolic process
to allow plants to grow well. However, after the
temperature has passed the optimum point,
the plant’s growth will be restricted. The crop
climate model shows an average decrease in
3-17% productivity with a temperature increase
of 2°C (Lone et al. 2017). Rising temperatures
also affect the quality of crop yields as they af-
fect sugar content, organic acids, and antioxi-

Figure 5.4. Pest and disease attacks increase especially in horticultural crops when humidity is high at La-
Nifia year
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dant levels, which affect storage and transporta-
tion processes (Moretti et al. 2010; Chandradewi,
2014). According to Essono et al. (2007), the in-
fluence of temperature on yield quality is more
substantial in the wet tropics such as Indonesia.

Emissions from annual upland agriculture

Apart from being a victim of climate change,
annual upland agriculture contributes to GHG
emissions. Most of the annual crop farming ap-
plies inorganic fertilizers such as nitrogen fertiliz-
er, which is one of the sources of N20 emissions.
This gas has a GWP (Global Warming Potential)
level of 273 times CO2 (IPCC 2021). However, fer-
tilizer is not applied as much as in paddy fields
in annual upland agriculture because annual
upland farmers generally have relatively little
capital. Based on fertilizer dosage recommen-
dations, urea fertilizer dosage for corn is about
400 kg ha'. However, legumes use fewer N fertil-
izers 50 kg ha™' because legumes can get N inde-
pendently from atmospheric N2 in collaboration
with symbiotic rhizobia. Severely degraded soils
make it difficult to achieve optimal production
without inorganic fertilizers. Currently, the prac-
tice of organic farming is used in annual upland
farming on vegetable crop areas, and in limited
fertile land conditions, high doses of organic fer-
tilizers are also required for best results.

GHG emissions from nitrogen fertilizers in
the agricultural sector are approximately 20.1
million t CO,-e year". They account for approxi-

mately 22% of total emissions from the agricul-
tural sector (Susilawati et al. 2021), excluding
emissions from land-use change and peatlands.
Nitrogen fertilizer emissions include fertilizer
applications in paddy fields and perennial crops
(including plantation crops). There is no data on
the proportion of nitrogen fertilizers for annual
crops in the upland.

Other source of emissions from upland agri-
culture based on annual crop farming practices
comes from burning biomass for land clearing.
The ash from burning biomass obtained by
farmers can be used as a source of nutrients and
to increase soil pH. Emissions from burning bio-
mass are approximately 123 t CO,-e year", which
is less than 1,165 t CO_-e year™ of biomass burn-
ing in rice fields.

Annual upland farming may also generate
emissions due to the accelerated decomposi-
tion of organic matter stored in the soil due to
the effects of intensive farming. The IPCC (2021)
states that the emissions from intensive tillage
of upland are 0.1 times higher than minimum
tillage. Another source of emissions from upland
is erosion. Erosion not only plays a role in the
transfer of organic matter, but also contributes
to greenhouse gas emissions. About 20-30% of
the organic carbon carried by erosion or runoff
is also emitted and releases greenhouse gases
into the atmosphere (Lal 1995; Lal 2003; Jacin-
the and Lal 2001) (Figure 5.5).

Figure 5.5. Sources of emission from upland agriculture: Urea application (left), and Biomass burning (right)

o4



Adaptation strategies & mitigation co-henefits

Apart from being an agricultural sub-sector
vulnerable to climate change, annual upland
farmers’adaptability is relatively low, both from a
technical and socio-economic aspect, compared
to other agricultural sub-sectors. Therefore, spe-
cific adaptation strategies are required to ensure
the sustainability of agriculture. Agricultural
sector policies dealing with climate change are
prioritized in adaptation strategies, particularly
those capable of producing generating co-ben-
efits of mitigation. In addition, the policy could
support contributions from the agricultural sec-
tor to mitigate GHG emissions. Some adaptation
strategies may not lead directly to mitigation
co-benefits, but they should still be chosen to
support the sustainability of annual upland crop
productivity. Some of the tools to support the
annual upland agricultural adaptation strategy
are as follows:

Water management

Water management is an important to opti-
mizing annual upland. According to Heryani et
al. (2003), upland productivity can potentially
be optimized provided that: (1) water availabil-
ity problems should be minimized, (2) the nat-
ural and artificial water storage capacity of the
watershed can be maximized, and (3) water use
efficiency and the type of commodity cultivated
can be optimized.
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Implementing techniques such as rain water
harvesting and runoff are options to reduce fluc-
tuations in water availability in upland. Several
water harvesting techniques have been imple-
mented in upland, such as channel reservoirs in
cascade, water reservoirs, micro-ponds, and long
storage (Figure 5.6). The distribution of supple-
mental irrigation equipment should accompany
water harvesting implementation techniques to
compensate for crop water deficiencies (Figure
5.7).

Through water harvesting, runoff and sup-
plemental irrigation techniques, the growing
season for annual crops is no longer limited to
the rainy season as it can be extended into the
middle of the dry season. In addition, the risk
of water shortages as a result of climate change
can also be reduced. Several findings suggest
that the effectiveness of water harvesting tech-
niques in parallel with supplemental irrigation
can improve cropping index, land area and crop
productivity (Irianto et al. 2001, Pujilestari et al.
2002; Heryani et al. 2001, 2002a, 2002b, 2006;
Dariah and Heryani 2014).

Besides optimizing storm water and runoff
for land management, groundwater can also be
used for annual crop agricultural management.
Drilling wells and pumps can use groundwater
to irrigate annual crops. The use of solar pumps
employs a low-carbon technology as it reduc-
es the use of fossil fuels (Fig. 5.8). However, the

Figure 5.6. Water harvesting: reservoirs (left) and channel reservoirs in cascade (right)
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Figure 5.7 Irrigation in annual upland agriculture: big gun sprinkler (left), drip irrigation (middle) and furrow

irrigation (right)

Figure 5.8. The use of solar pumps on vegetable fields in Central Java

technology requires expensive initial invest-
ment and capacity building for farmers to en-
sure the technology is sustainable.

Water Use Efficiency (WUE) is an essential
aspect of water management that can support
climate change adaptation, particularly in up-
land areas, where the main limiting factor is wa-
ter availability. WUE describes the crop yield per
unit of water, which is important for water re-
source management and climate change adap-
tation, especially in upland. Haryati (2011) men-
tions several techniques to improve WUE, such
as land configuration (gulud and ditches, beds,
border strips, terraces, surjan, water harvesting
techniques), agronomic practices (how to cul-
tivate the soil), alley cropping systems, weed
control, intercropping systems, strip cropping/
vegetative barriers, and mulch. Some of these
practices are considered soil and water conser-
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vation measures, meaning that soil and water
conservation is intended to prevent erosion and
improve water use efficiency.

Soil conservation

The application of soil and water conserva-
tion in the era of climate change is becoming
increasingly important. Soil conservation is not
only a tool to prevent erosion and reduce land
degradation but also a primary tool to improve
adaptation, reduce carbon losses, and enhance
carbon sequestration opportunities (Agus 2013,
Agus et al. 1999a, 1999b; Agus 2000). Various
conservation techniques have been developed
in the annual upland farming area. Until the
1970s, physical soil conservation techniques,
particularly bench terraces, were widely devel-
oped in annual highland agriculture, especially
on Java Island (Figure 5.9).
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Figure 5.9. Bench terraces in annual upland agriculture in Java Island

After the 1970s, vegetative conservation
techniques were prioritized (Figure 5.10). These
techniques were relatively inexpensive and
suitable for shallow soils and acidic upland.
Vegetative conservation techniques can also
provide mitigation co-benefits, reducing C loss
and offering the opportunity to increase carbon
sequestration. Combining physical soil conser-
vation techniques with vegetative conservation
techniques is recommended to improve effi-
ciency.

Some regions have indigenous knowledge
classified as soil conservation techniques. For
example, in several areas of Java, many stone
terraces are found in areas with higher rock con-
tent. Farmers in East Nusa Tenggara practice ta-
batan watu, or rock arrangement cutting slopes.
In addition, they practiced kebekolo, arranging

branches along the contour direction or cutting
slope (Fig. 5.11).

Conservation tillage (minimum or no-tillage)
is also an adaptation technique that can result
in mitigation co-benefits. The adaptation strat-
egies of conservation tillage lead to efficient
use of the growing season. Conservation tillage
combined with mulch application can control
water loss and maintain optimal soil tempera-
tures for plant growth. The mitigation benefits
of conservation tillage are to reduce the loss of
soil carbon sequestration, and when combined
with organic mulching, conservation tillage of-
fers the opportunity to increase carbon seques-
tration.
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Figure 5.11. Indigenous knowledges of soil conservation: Stone terraces in Java island (left), “Tabatan watu” in
East Nusa Tenggara (middle), and “Kebekolo” in East Nusa Tenggara (right)

Organic matter management

Optimizing the use of organic materials is
one of the main tools for improving the adapt-
ability of annual upland farming, which can also
have mitigation co-benefits. The average upland
organic matter content has declined, causing
most of the soils in the uplands to suffer from
soil degradation. This condition affects the de-
cline in water-holding capacity, resulting in in-
efficient water use. The application of organic
matter is very beneficial for improving soil prop-
erties (physical, chemical, and biological soils)
while also increasing carbon storage (Dariah
2013).

Even though the potential sources of upland
organic matter are available, the application of
organic matter in annual upland farming has
not been optimal. Table 5.1 shows the potential
of organic matter as a fertilizer or organic soil
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amendment. Based on the harvested area of BPS
data (Biro Pusat Statistik 2019) and assuming the
proportion of the harvested area in the upland,
the potential for dry biomass produced from up-
land rice, corn, soybeans, peanuts, green beans,
and cassava in the upland is approximately 22.5
million t year.

Assuming the amount of biomass returned
to the soil and the carbon/biomass ratio listed
in Table 5.2, the potential C returned to the soil
is around 8 million t year™. Besides plant residue
biomass, manure is another source of organic
matter in annual upland farming. The nutrient
content of manure is relatively high. In addition,
manure production is relatively high, with BPS
data (2019) showing that the number of cattle
(beef and dairy) in Indonesia is around 17.5 mil-
lion.
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Table 5.2. Harvested area and biomass potential from food crops on average five years (2010-2015)

Commaodity Harvested area Estimation har- Estimation har- | Potential productiv- | Total of potential
(ha) * vested area from | vested area from | ity of dry biomass 2 dry biomass ®
upland (%) upland (ha) (tha) (tyear")

Upland rice 2,041,295 100 2,041,295 3.04 6,960,817
Corn 3,899,976 60 2,339,985 4.00 9,430,141
Soybeans 605,212 30 181,564 1.05 272,346
Peanuts 532,051 70 372,435 2.00 729,973
Green beans 236,674 50 118,337 1.01 130,171
Cassava 1,086,099 100 1,086,099 4.06 4,996,055
TOTAL 8,401,308.5 6,139,719.5 22,519,508

Note: 'Biro Pusat Statistik (2019); 2Nurida and Jubaedah (2015), ® column 4 x column 5

Table 5.3. Carbon potential from biomass of food crop upland agriculture, national data

Commaodity Total of potential Assumed bio- Biomass as Ratio of carbon/ Total C potential
dry biomass mass returned to | a source of C biomass (tyear")
(t year') soil (%) (tyear")

Upland rice 6,960,817 70 4,872,572 0.6 2,728,640
Corn 9,430,141 80 7,544,113 0.6 4,149,262
Soybeans 272,346 100 272,346 0.5 138,896
Peanuts 729,973 100 729,973 04 306,589
Green beans 130,171 100 130,171 0.5 59,879
Cassava 4,996,055 50 2,498,027 0.4 899,29
Total 22,519,508 16,047,201 8,282,556

Note: Column 4= column 2 x column 3; column 6= column 4 x column 5

The amount of carbon that may be seques-
tered in soil depends on its use. As compost, the
total amount of C potentially stored is relatively
low. However, mitigation opportunities may in-
crease if compost reduces the use of inorganic
fertilizers (particularly nitrogen fertilizers) (Dari-
ah 2013). When applying plant biomass residues
as mulch (Figure 5.12), both surface mulches
and vertical mulching (mulch inserted into the
hole) require a longer time to decompose than
compost. Therefore, it takes a long time for or-
ganic matter to release carbon, followed by a
low replacement capacity of organic fertilizer.
The application of organic matter as biocharis a

mitigation method since biochar can be stored
in the soil for long periods, up to hundreds of
years. Easily decomposable organic matter is
used as raw materials for compost. On the other
hand, organic materials that are difficult to de-
compose, such as rice husks, corn cobs, and cas-
sava stems, are better suited for biochar. Organic
materials such as straw or corn biomass can be
used as mulch.

Manure is another source of organic matter
that could play the role of fertilizers, organic soil
amendment, and carbon sources other than
plant residues or plant waste. According to BPS
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data ((Biro Pusat Statistik 2019), the number of
beef cattle is > 17 million, and the number of
dairy cattle is > 500,000. The manure production
of adult cows is about 15 kg fresh weight head-
' day”, but after the composting process, 15 kg
fresh weight manure becomes 3-4 kg compost.
For cattle in the barn, it is assumed that around
50% of the manure is available, which results in
19-25 million t year” of manure. Compost can be
significant when counting manure from buffalo,
goats, sheep, and chickens.

Setting cropping patterns and utilizing other
adaptive agricultural facilities

Setting planting patterns is an option to in-
crease the adaptability of annual upland farm-
ing. Intercropping and relay cropping are crop-
ping patterns that can optimize the use of rainy
seasons, especially in areas with relatively short
rainy seasons or extreme climatic conditions
that have been common recently. Intercropping

Figure 5.12. Returning crop residues (mulch) as a source of organic matter to maintain soil moisture and
increase soil carbon Vegetative conservation techniques: Alley cropping (left), and (b) Grass strip (right)

Figure 5.13. Composting process (left) and biochar production using the kontiki system by farmers (right)
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is a cropping system in which two or more crops
are grown simultaneously in a single growing
area at the same time. Relay cropping is a crop-
ping pattern in which crops are planted before
the existing crops are harvested, usually when a
crop in the intercropping system has a relatively
short lifespan compared to other crops. Other
adaptation methods include abiotic stress-re-
sistant varieties (drought-resistant, disease-re-
sistant, shorter lifespan), soil amendments (like
hydrostock or hydrogels) for water storage or
increased water retention, and mineral soil
amendments (like zeolite).

Biofertilizers are also a means of adaptive ag-
riculture and have the potential to provide mit-
igation co-benefits. For example, biofertilizers
containing nitrogen-fixing microorganisms and
exopolysaccharide-producing microorganisms
can reduce nitrogen fertilizers and improve soil
structure. Biofertilizers containing decomposing
microorganisms are adaptive agricultural strate-
gies due to their role in organic matters, main-
ly composting. Biological disease prevention is
also one of the strategies of adaptive agriculture.
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Indonesia has numerous important commaodities of the perennial crop for food, ener-
gy, and industries, needed by national and global markets. With the increasing number of hu-
man populations, the demand for certain perennial crop products, such as palm oil, cocoa, has
increased, leading to expansion of agriculture lands both at small and large-scales. Perennial
crops in Indonesia are cultivated in a wide range of management levels, from traditional, low
input management to very intensive agro-industry systems. The management levels determine
the yield and the efficiency of land and labor.

In general, perennial (tree) crops are more resilient to extreme weather and climate
change relative to short rooted annual crops. However, it is not free from being negatively
affected by climate change. The productivity of perennial crops is threatened by the global
warming, extreme drought and floods, shortened rainy seasons and prolonged dry seasons. An
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important feature of perennial tree crops is that they have high carbon stocks. Unless its expan-
sion is conducted on high carbon stock lands such as forests and peat lands, they contribute to

enhancing terrestrial carbon stock.

This chapter provide the description of Indonesian perennial agriculture, climate change
impacts on perennial agriculture, carbon stock and dynamics, and adaptation and adaptation

co-benefits of perennial crop agriculture.

Description of Indonesia’s perennial crop
agriculture

Several perennial crop products from Indo-
nesia dominate international market, which is
supported by a large cultivation area. Based
on current official statistic data from Director-
ate General of Estate Crops, Indonesia Ministry
of Agriculture (2020), Indonesia was listed as
the largest palm oil producer, with the largest
plantation area in the world. In 2020, Indonesia
had 14.8 million ha of oil palm plantations area,
which means more than 200 times the land area
of Singapore. The plantations are distributed
mainly in the islands of Sumatra, Java, Kaliman-
tan and Papua. Rubber is another important
commodity from Indonesia which had second
domination in the global rubber market. Rubber
plantation area is 3.7 million ha distributed over
Sumatra and Kalimantan Islands. Opposite from
oil palm, the area of rubber plantations tends to
decrease with time due to relatively low and de-
clining price and high labor demand.

Pepper was one of the most famous com-
modities that had attracted European explorers
to trade and colonize in the past. Pepper is cul-
tivated in Indonesia on 0.2 million ha area and
Indonesia is the second largest producer in the
world based on 2020 data. Cacao production
from Indonesia is the third largest at the glob-
al market, originating from 1.5 million ha area
spread over Sumatra, Sulawesi, and Java islands.
Meanwhile, coffee and clove are other import-
ant commodities and Indonesia is listed as the
fourth largest world producer of both commod-
ities. Plantation areas of coffee and clove are 1.2
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and 0.6 million ha, respectively. Moreover, Indo-
nesia is the seventh largest tea producer in the
world, with land area of 0.1 million ha which is
dominantly found in Java Island. There are many
other important perennial crop commodities
including coconut, cashew, sago, sugarcane, to-
bacco, patchouli, cotton, and candlenut, which
all distributed over 4.6 million ha area in Indo-
nesia.

The plantations area managed by smallhold-
ers, government estates, and private estates. For
example, the area of oil palm plantations owned
by the government, private companies, and
smallholders is 4%, 55%, and 41%, respective-
ly (Figure 6.1.). This shows that private estates
and smallholders have a dominant contribution
in driving the national palm oil industry. Mean-
while, the rubber estates area is dominantly
owned by smallholder farmers (89%), while the
rest is owned by the government and private es-
tates.

Perennial crops contributed 26.5% to the
Gross Domestic Products (GDP) of the agricul-
ture-forestry-fishery sector (Directorate Gener-
al Estate Crops 2020). The contribution almost
unaffected by COVID-19. The perennial crop
industry drives the rapid increase of rural devel-
opment and also the welfare of people in rural
areas (Sayer et al. 2012).

Most of the perennial crop estates in the up-
land area are located outside Java Island which
is dominated by hilly to mountainous landforms.
The crops grow on upland acid soils that are
prone to erosion hazards, low organic matter,
low macro and micronutrients, and high toxicity
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Figure 6.1. Plantation areas own and managed by the government, private companies, and smallholder

Figure 6.2. Oil palm grown on undulating to hilly landscape (left, from www.gimni.org); typical smallholder
plantations (middle) and a soil profile of oil palm plantation in Rokan Hulu Disrict, Riau Province with the soil
type Typic Hapludults (right)

of Al, Fe, and Mn (FAO 2005). Naturally, the In-
donesian monsoon climate and tropics circum-
stances cause land degradation that takes place
more quickly than in the sub-tropic region. This
land degradation causes the productivity of
perennial crops. Agriculture intensification pro-
gram to increase crop productivity is one solu-
tion to reduce the rate of expansion of perennial
crop areas. However, the agriculture intensifica-
tion program poses a big challenge due to the
lack of capacity and capital, especially among
the smallholder farmers.

Burning practice for any purpose is strictly
prohibited in Indonesia (Sofiyuddin et al. 2021).
Land preparation for plantations crops is un-
dertaken by cutting down the old crops or by
clearing vegetations of other land uses such as
shrublands. In the early growth period, peren-
nial crops, especially those under smallholder
plantations, were intercropped with food crops
such as rice and corn. This intercropping system
is beneficial for subsistence purposes. After the
canopy of the perennial crop became denser
then the intercropping is no more economical
due to shading.
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Climate change impact

Agriculture sectors including perennial crop
plantations have a unique position amidst the
climate change. It is one of the victims of cli-
mate change, but, depending how it is man-
aged, it could mitigate significant amount of
carbon if it replaces low carbon stock lands such
as shrubs or grassland, but it could also cause a
major source of CO, emissions if it replaces high
carbon stock lands such as forests or peatlands.
Other sources of GHG emissions associated with
perennial crops, include soil respiration, bio-
mass burning (a practice that is strictly banned
nowadays), and fertilizer use, especially nitrogen
fertilizers. Biomass C could be released into the
atmosphere when it is subjected to burning, or
with time it's decomposed. Fertilizer contains
substantial elements to provide nutrients for
plants; however, excessive use of fertilizers will
promote the release of C (from urea) and N (from
N fertilizers) into the atmosphere in the form of
CO, and NG, respectively. The residue of fertiliz-
er may also pollute the surrounding ecosystem.
Furthermore, as the biggest industry of peren-
nial crop in Indonesia, the Palm Qil Mill Effluent
(POME) is also an important source of CH, emis-
sion, if the POME is managed in a conventional
way. Other activities that may contribute to GHG
emission from estate industry include transpor-
tation with carbon based fuels.

The growth and productivity of perenni-
al crops are very vulnerable to climate change
such as temperature increases and climate vari-
ability, while the impact scale depends on agro-
ecological circumstances.

CO2 increases

Climate change is associated with elevated
CO, concentration in the atmosphere. On the
other hand, CO, is an important element for pho-
tosynthesis (Way et al. 2015), meaning that glu-
cose formation increases with the increase CO,
concentration. In general, the raising CO, con-
centration led to preserve higher performance
of carbon assimilation even in high temperature
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(Martins et al. 2014). However, the response of
perennial crops to this elevating CO, varies, de-
pending on species characteristics and other
environmental factors such as water, nutrient,
temperature, and humidity (Pirker et al. 2016;
Corley &Tinker 2015; Rodrigues et al. 2016; Rahn
etal. 2018). The increased atmospheric CO, level
scenario over the 21 century could improve oil
palm yield significantly by up to two third of the
current figure (Corley and Tinker 2015). Howev-
er, this elevated CO, concentration has no effect
on growth of hardwood plantations (Wesolows-
ki et al. 2020; Ellsworth et al. 2017; Battaglia and
Bruce 2017). In these circumstances, no clear ev-
idence of interaction between coffee yield and
the raising CO, level; although the bean quality
was found to be preserved well in higher CO,
level (Ramalho et al. 2018).

The increased carbon dioxide levels is usual-
ly followed by the increased temperature which
could offset the losses in crop yield due to the
latter. However, the interaction effects between
these are still not clear (Long et al. 2006).

Temperature increases

Climate change including the increased tem-
perature that occurred around the world may
affect the distribution of perennial crop culti-
vation areas (Golbon et al. 2018; Ray et al. 2016,
Arshad et al. 2013). The expansion of perenni-
al crop area was projected to the direction of
higher elevation areas. In general, all perennial
crop needs a suitable climate for them to opti-
mize their growth and productivity but the in-
creased air temperature cause a stress on plants
and disrupt plant biochemical and physiologi-
cal processes. Soil organic matter is substantial
to improve water and nutrient availability for
crops, but it is prone to accelerated decompo-
sition under higher temperature. The drought
causes water stress problems for crops in upland
where soil becomes drier and this directly ham-
per the growth and productivity of crops. (Pirker
et al. 2016; Corley and Tinker 2015; Paterson et
al. 2015, Arshad et al. 2012). Moreover, crop bio-
mass easily dry and flammable in high tempera-



Figure 6.3. Composting process of empty fruit bunch (left), pond of palm oil mill effluent (POME, middle),
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transporting fresh fruit bunch to manufacture by trucks (right). Pictures taken from www.infosawit.com

ture, increasing the risk of fire.

Climate variability

Rainfall variability in Indonesia is strongly
connected to ENSO (Hendon 2003) and it would
likely to increase until 2100 based on a modeling
study by Cai et al. (2022). The effects of climate
variability to perennial crops is questionable
whether favorable or not. The warmer climate
of El Nifo is reported to reduce crop yield when
the lack of water availability causes crop stress.
In such a climate extreme, coffee production re-
duced around 10% (Syakir & Surmaini 2017) and
so is with oil palm (Corley & Tinker 2015). On the
other hand, the wetter climate of La Nifia deteri-
orate coffee yield up to 80%, especially when it
occurs in the flowering stage. The high intensity
raindrops break the coffee flower, causing the
failure in coffee production (Syakir & Surmaini
2017). The increased flood frequency during La
Nifa raises the risk of crop failure. Moreover,
high-intensity rainfall on sloping land causes soil
erosion and water runoff that removes topsoil,
the most favored layer for the plant, from the
upper to the lower slope areas. This soil erosion
causes land degradation and reduces crop yield
significantly.

Fortunately, the spatiotemporal distribution
of rainfall generally is advantageous in some ar-
eas where the water availability increases in the
previously drier areas. Arshad et al. (2012; 2013)
reported the future climate variability increases
suitable areas for oil palm, and rubber. In other
places when rainfall becomes less, the produc-

tivity of perennial crop reduced significantly and
no longer profitable.

The extreme rainfall season may also affect
pests and diseases infestation of perennial crops
although this effect is still unclear and vary by
location (Paterson et al. 2013, 2015). Differing
environmental conditions may be less suitable
for pests and diseases, which would allow yield
to improve. However, there is particular uncer-
tainty regarding pests and diseases in possible
new locations for oil palm. When conditions are
sub-optimal for oil palm, such as when tempera-
tures are high or there is limited water availabili-
ty, palms may be less able to resist pests and dis-
eases, and hence causing yield decrease.

Carbon dynamics related to perennial tree
crops

When perennial tree plantation is established,
it's likely started with clearing the land. During
and shortly after the clearing, the amount of
stored carbon in the biomass that is emitted
depends on the initial land cover. Forests store
high amount of carbon and hence will lose high
amount of C during land clearing. Shrub and
grassland store low amount of carbon (mostly
lower than the carbon stocks of most perennial
tree crops), and hence their clearing will release
less CO,,.

When it is cut for plantation preparation,
most of the biomass rots and eventually emits
as CO,. Some of the wood may be processed as
timber, and in turn, form furniture. In this case,
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Figure 6.4. Preparation for replanting by felling and chopping of old palms (left), oil palm seedling in the
nursery (middle), young palms (right). Pictures taken from www.kaltim.tribunnews.com (left), www.infosawit.
com (middle), www.pkt-group.com (right)

the stored carbon is conserved for a longer peri-
od of time (10-20 years). Otherwise, the left over
biomass in the field may be decomposed with-
in about a year or else be burned - a process of
rapid CO, formation.

When the seedlings of the perennial trees are
planted, it started with near zero carbon stock.
Gradually carbon accumulates in the biomass
and reach the peak level at maturity. When the
next replanting takes place, similar process oc-
curs, where the biomass of the old palm decom-
posed after felling and gradually the transplant-
ed palm accumulate carbon until maturity. IPCC
(2019) assumes the mean biomass C stock of a
cycle system such as plantation, as carbon stock
at maturity divided by 2. For example, the de-
fault Tier 1 mean biomass C stock of the oil palm
plantation is 30.0 t C ha™ + 41%, while for rubber
plantation is 40.1 t C ha' + 15%, and tea planta-
tion are 18.3tC ha' = 25% (IPCC 2019).

These carbon stock data are used in the na-
tional GHG inventories, as well as in assessing
GHG emission reduction from perennial estates
towards sustainable agriculture. While Tier 1 pro-
vides generic carbon stock (emission factors),
using Tier 2 or Tier 3 based on country-specif-
ic data is encouraged by the IPCC, as the higher
tier associate with a higher certainties.

Adaptation strategies & mitigation co-benefits

Adaptation strategies

One of the adaptation strategies is the use of
environmental stresses-tolerant plant species.
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Plant breeding and biotechnology become im-
portant tools to produce high productivity crops
in a high-pressure environment. Adaptation ac-
tion is also carried out by planting of taller shad-
ing trees than the main tree crops, and inter-
cropping of annual crops, forming a multi-strata
system. This system is well suited to sloping
areas that pose soil degradation and promis-
es to ease pressure from the adjacent forest by
providing firewood, timber, and other product
from the shading tree component. The various
wood trees grown in plantation areas increases
C sequestration. Example of these include cof-
fee agroforestry, silvo pasture systems, and tra-
ditional home garden. Establishing multistrata
system usually done gradually under smallhold-
er farmers. Another adaptation action is prac-
ticing intercropping system between perennial
and food crops. This intercropping system can
be carried out for 1-2 years until the canopy of
the perennial crop grows and becomes dense.

The use of environmental-friendly technol-
ogy in perennial crops cultivation, such as bio-
pesticides, bio-fertilizers, and compost, has in-
creased over time. This smart adaptation action
reduces the risk of environmental degradation
and human health, and increases crop produc-
tivity. The waste of the perennial crop industry
can be used to produce compost and animal
feed. Thus, the livestock population can be in-
creased in the estate through a national pro-
gram of crop-livestock integration. In this case
perennial crop contribute to both animal fat and
protein supply.



To achieve a decent economic level from the
farm, farmers prefer to enlarge the plantation ar-
eas than implement an intensification program.
Currently, the Indonesian productivity of the es-
tate crop is below its potential level. Crop pro-
ductivity is the key to increasing yields as well
as farmer’s income. The intensification program
through implementing best management prac-
tices to cultivate the crops is believed to solve
many problems from farmers’ income, land use
efficiency, and avoidance of deforestation. Crop
intensification programs and other adaptation
strategies will be more successful if they are
supported by suitable partners. For this reason,
it is necessary to conduct capacity building and
empowerment programs for smallholders in-
cluding women, local and indigenous commu-
nities. More knowledgeable and skillful farmers
are much easier to survive and adapt to climate
change.

Mitigation strategies

One of the mitigation actions in the peren-
nial upland farming in Indonesia is performed
by issuing official regulations to prohibit defor-
estation and biomass burning in land clearing.
The implementation of this regulation began
with socialization, education, and finally law en-
forcement in the field. Preventive and educative
approaches by respecting local culture are prior-
itized over repressive approaches. On the other
hand, people need to access the innovation of
no-burning technology as compensation for the
official fire restriction.

Perennial Upland

The Ministry of Agriculture of Indonesia or-
ganized and trained local community groups in-
cluding farmers to be able to manage and con-
trol fire. This trained group called the Brigade of
Land and Estate Fire fighter (Brigade Pengen-
dalian Kebakaran Lahan dan Kebun), exists in
all provinces that are prone to fire. To increase
the awareness of people to practice sustainable
agriculture including land fire prevention, dis-
semination, and capacity building are scheduled
simultaneously.

The utilization of waste becomes very im-
portant to reduce environmental damage in-
cluding GHGs emissions. Methane emissions
from POME have great potential as a source of
biogas. Methane utilization technology from
POME continues to be developed and dissemi-
nated. GHGs emissions from the perennial crop
industry can also be suppressed by storing C in
terrestrial for a long period of time. This can be
done by planting trees with long crop cycle. In
the conventional ways, the old and unproduc-
tive crop were removed and gradually decom-
posed, yielding CO, into the atmosphere. Re-
cent innovation converts those biomass waste
to high-quality furniture, and hence increasing
the economic value, and maintain carbon in the
furniture for 10-20 years period. Thus, the plan-
tation sector can reduce emissions significantly
and contribute to the achievement of sustain-
able development goals.

Figure 6.5, Rubber-pineapple intercropping under rubber (left), coffee-based multistrata (middle), oil
palm-cattle integration (right). Pictures taken from www.balingtan.litbang.pertanian.go.id (left), www.prcfind-
onesia.org (middle), and www.infosawit.com (right)
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Figure 6.6. The unit of Brigade of Land and Estate Firefighter (left), methane capture from palm oil mill efflu-
ent (middle), the use of oil palm trunk as furniture (right). Pictures taken from www.borneo24.com (left), www.
bppt.org (middle), and www.kompasiana.com (right)

Closing

Perennial tree farming is relatively more
adaptable to climate change. However, under
extreme climate conditions the perennial tree
growth and production is also affected. In the
tropics, the land suitable for perennial tree crops
may extend to a higher elevation. This pose a
threat to the environment as higher elevation
areas are likely to be more sloping. Perennial
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Wetland Agriculture

Agriculture on Wetlands: A Fragile System
Requiring Wise Management Systems
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Wetland is generally defined as areas that are strongly influenced by the water regime,
tidal movements of rivers or seas, inundation due to rainfall or shipping flooding, flat to ba-
sin topography, poor drainage, waterlogged, and problem soils such as acid sulfate soil, saline
soil, and peat soil. Wetland is a unique ecosystem which highly dependent on surface water
existence. According to the Ramsar Convention, signed in 1970, wetlands are areas of marsh,
fen, peatland, or water, whether natural or artificial, permanent or temporary, with water that
is static or flowing, fresh, brackish or salt, including areas of marine water the depth of which
at low tide does not exceed six meters. Wetlands, especially peatlands and mangroves, play an
important role in climate change because of their ability to regulate the concentration of green-
house gases (GHG) in the atmosphere (IPCC 2007).
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The area of wetland in Indonesia is about 43 million ha or 23% of the total land area of
Indonesia i.e = 191.09 million ha, spread over major islands, Kalimantan, Sumatra, and Papua, a
small part of Sulawesi, Java, Nusa Tenggara and Bali (BBSDLP 2015). Indonesia’s wetlands are an
essential ecosystem on earth, supporting ecological and hydrological services as well as basic
necessities for humans and wildlife. Indonesia’s tropical peatlands and mangroves are among
the largest terrestrial carbon pools on Earth (Murdiyarso et al. 2010). These tropical wetlands are
of great interest because of the numerous ecosystem services at risk and the extensive green-
house gas emissions that arise since land-use conversion, especially for agriculture, often raises
environmental issues at the national and global levels.

A few decades ago before the 1920s Indonesia’s coastal wetlands such as tidal swamp-
land, mangroves, freshwater swampland, and peatlands in Sumatera and Kalimantan were
spontaneously opened and settled by surrounding communities Bugis people from South
Sulawesi, Banjar people from South Kalimantan, and Malay people from Riau and West Kali-
mantan to cultivate annual crops (rice, secondary crops, horticulture), perennial crops (coco-
nut, rubber, citrus, coffee, oil palm) and fish ponds. (Tejoyuwono 1998; Suwardi et al. 2005), The
community has divided land use zone into residential zones, shrubs, former fields (jurungan),
fields (pahumaan), plantations, and sacred zones (Suwardi et al. 2005). They selected the bet-
ter land on the low broad natural levees of big estuaries, avoiding carefully the too deep back
swamp peat soil. Since 1950, the government has built swamp irrigation networks in Kaliman-
tan, Sumatra, Papua, and Sulawesi with various reclamation systems, including the canal system
in South Kalimantan and Central Kalimantan. The increasing population over time with their
activities affects the increased pressure on wetlands (Ward 2022; Wittmann et al. 2022). Climate
change deteriorates the scale of wetland pressures with regard to the diversity of wetland types
and their characteristics (Li et al. 2021).

The current global climate change is a problem and a challenge for the agricultural sector, es-
pecially in the process of crop cultivation systems. Agricultural sectors are extremely vulnerable
to climate change. At the same time, the agricultural sector is one of the sources of greenhouse
gas emitters, such as those from land clearing, fertilization, agriculture practices on peatlands,
livestock activities, and so on. Indonesia’s agriculture sectors contribute to around 8 % of the
total national emission (MoEF 2018). Hence synergizing mitigation and adaptation strategies
and measures in tropical wetlands is a key approach. Co-benefits between adaptation and mit-
igation may be derived from the conservation of standing natural forests, such as biodiversity,
aesthetics, ecotourism, non-timber forest products, and restoration of degradation areas are
additional potential financial incentives.

Description of Indonesian wetland land, but a wetland is not just a swamp. Accord-
ing to BBSDLP (2014), the wetland is land that

inundated with water, either continuously or sea-
sonally, has soft characteristics, and overgrown
with aquatic plant vegetation. Swampland is the
most extensive wetland owned by Indonesia.

According to the Government of Indonesia
Regulation (PP 73/2013), the swamp is a con-
tainer of water along with the water and water
strength contained therein, inundated contin-
uously or seasonally, naturally formed on rela-
tively flat land or basins with mineral deposits
or peat and overgrown with vegetation, which
is an ecosystem. Therefore, the swamp is a wet-

Wetland is divided into three main groups,
namely (1) coastal and marine wetlands; (2) main-
land wetland, and (3) artificial wetland. Artificial

Th



Wetland Agriculture

125¢ 130° 1350 140

21 \ LaUr CING SELATAN

Tidal swampland

Freshwater swampland

. w‘*l Peatland

SAMLLERC NDONEL

)
'
L u ;
»wsn N MALAYSIA }
PR AL N 2 ! 4 !
. ¢ e % | m 0 om0 ke
O | ‘
a 4 & PN ke Bemac Pedndan cen Pergernbin g Sumberdaya Laban Pertan e &
| & Triosveht’ W‘Q"""m" Radan Pereltn 430 Fegembangan Petavian v
“ . . "\ N i KIMENTERAN PERTANUAN (.
'- \ » P |
Ryl KAMANTANTIAR | ) L &L ; ‘
e 27 T COOROMTAGARYES A s
s L ‘. TR -
& g 3 { 2 'y R i
( Ww j o T sk o
KALMANTAN ) Y ¢ iy "W !“ e
3 [ ~ WKy -5 ~ 0
“"rﬁ)' méur:um b} ¢ A 4 b
2o e IRE B PR g ]
| Iy SUNYES! TENGGARA " ¥ PARA s
BULAWES! SELATAN ] . \ ST g
b e T fg 9
% ' 4/ ¥ ¢ i
| ,b §
J ‘ &l 3
(%
LEGENDA

oS
I &
gw«m | W )
: - Al NUSATENOGARA BARAT MUSA TENGGARA TR - & % Pr
o \ - JANA TORR | > : ) > 5 A Ly |
e ’ > i S8

2 S g ~LW -

The distribution of swampland in Indonesia

'y |

Lol &

95° 100/ 108° 1e* 15°

125° 130 14

Figure 7.1. The distribution of swampland in Indonesia (BBSDLP 2014)

wetland is a group that considered a dilemma
because its development is absolutely neces-
sary to fulfill the life of the population such as
food and other agricultural products, but its
development is the cause of the reduced func-
tion and natural value of wetland. Therefore, its
development requires good and proper man-
agement (Puspita et al. 2005). In the context of
land resource development, divides wetland
as (1) swamp wetland and (2) non-swamp wet-
land (BBSDLP 2014). Non swampland wetlands
is generally closely related to their use as rice
fields.

It is estimated that around 34.91 million ha
of swampland are spread over 22 of 34 prov-
inces, of which 14-19 million ha of swampland
are suitable for food production (BBSDLP 2014),
13.4 million ha of which are peatlands (Histo-
sols) (Anda et al. 2021). The largest swampland
areais in Sumatraisland (12.93 million hectares),
followed by Kalimantan island (10.02 million ha),
Papua island (9.87 million ha), and Sulawesi is-
land (1.05 million ha) (BBSDLP 2015).

Land suitability and utilization

Euroconsult (1984), reported that 17.77 mil-
lion ha of 23.75 million ha swampland was suit-
able for agriculture. According to BBSDLP (2015)
there were 14 million ha suitable for agriculture
from 34.12 million ha of swampland. Mean-
while, 3.0-3.5 million ha have been opened by
the government or private-owned enterprises,
consisting of 0.5-1.0 million ha for rice field or
food crop and 2.0-2.5 million ha for plantation.
In addition, there were 3.0 million ha which have
been opened by the community independently
for rice field and plantation. Therefore, there is
still a huge area of swampland available for ag-
riculture development. Table 7.1 shows the area
of tidal swampland with mineral soil as 11.38
million ha that potential for rice field while the
area of peatland is very little or almost non-exis-
tent. The area of oil palm plantations at the end
of 1997 was 2.9 million ha, increased in 2007 to
6.6 million ha and in 2009 reached 7.2 million ha
with an increased rate of 10% per year. Accord-
ing to a Wetlands International report, 20% of oil
palm plantations in the Southeast Asia Region
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Table 71. Potential area of swampland for rice field

Swampland typology (million hectares)
Island Tidal swampland Freshwater swampland Total
Mineral Peat Mineral Peat
Kalimantan 0.567 0 2.684 0.176 3.427
Sumatera 1.656 0.173 3.620 1.402 6.851
Sulawesi 0.010 0 0,671 0 0,681
Papua 0.286 0.032 1.819 1.082 3.219
Maluku 0.011 0 0.087 0 0,098
Total 2.530 0.205 8.881 2.660 14.276

Source: BBSDLP (2015)

(Malaysia and Indonesia) are on peatlands (Noor
2016).

Landscape

The advantage of peatland for agriculture
includes: 1) easier tillage due to the physical
nature of the porous soil compared to mineral
soil, 2) absorbs and/or stores high levels of wa-
ter, 3) as long as it is not dry/unburned, the soil
chemical properties are quite good, 4) rarely ex-
periences iron or aluminum toxicity as generally
swamp mineral soils, 5) high carbon reserves,
thereby reducing greenhouse gases emissions
if managed properly, 6) the availability of land
that has not been cleared and suitable for agri-
culture is still wide. Of the 14 million ha, only 2.5
million ha have been used, and 7) the availabili-
ty of land that was abandoned due to technical
and social factors so that it became a large bare
land (4 million ha)

Soil type

Some of the soils in swampland are influ-
enced by wet conditions and the main constitu-
ent materials so that, some types of soil are spe-
cific. For example, the aquic properties, which
is the inherent nature of the soil formed in the
swamp ecosystem. Based on the national soil
classification, the soil in swampland is mostly
gleisols, alluvial, and organosols (Subardja et al.
2016). Gleisol is swamp soil that has begun to
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show cross-sectional development, character-
ized by the formation of rust on its cross-section.
Meanwhile, alluvial soil is swamp soil that has
not shown the development of cross-section
and the presence of material stratification. While
Organosol or often also called peat soil is swamp
soil formed from organic matter. In the Soil Tax-
onomy, the swamp is classified into the order
histosols, entisols and inceptisols categories
(Soil Survey Staff 2014). Types of soils in swamp-
land are presented in Table 7.2. Soil types/land
typologies in swampland include 4.32 million ha
entisols, 2.37 million ha inceptisols, and 14.90
million ha of histosols, while on freshwater
swampland is entisols and incetisols with 13.26
million ha.

Land use & management of swampland

The utilization of swampland or agricultural
cultivation, especially food crops (rice) has been
carried out for a long time. With the increasing
need for swampland products and the develop-
ment of management technology, swampland
has also developed for several commodities
such as annual food, horticulture crops, planta-
tion crops, as well as fisheries, and livestock. The
management of swampland for annual crops,
perennial horticultural, and plantation crops will
be discussed further.



Table 7.2. Soil types on swampland

Area (hect- | Proportion

No | Ordo Sub order/great group Land typology ares) (%)
1 | Entisol Sulfaquent/Typic Sulfaquent Acid sulphate Potential 1,132,750 3.39
Sulfaquent/Histic Sulfaquent Potential acid sulphate associated with peat 66,000 0.20
Sulfaquent/Haplic Sulfaquent Potential acid sulphate associated with silty saline 997,430 2.99
:E:IZSEZEI/Hydraquent/HapIic Potential acid sulphate associated with saline 2,127,800 6.37
2 | Inceptisol Sulfaquept/Haplic Sulfaquept Actual acid sulphate associated with saline 2,374,000 71
3 | Histosol**) Saprist Shallow peat 5,241,437 35.16
Saprist- Hemist Mediun peat 3.915.291 26.27
Hemist-Fibrist Deep peat 2,763,475 18.54
Fibrist Very deep peat 2,985,371 20.03
Total***) 21,603,554 100.00

Source: processed from *) Nugroho et al. 1992 and **) BBSDLP (2011); ***) not including the mineral soil in

freshwater swamp 13.28 million ha.

Swampland management for rice

The management of tidal swampland for rice
is still mostly done traditionally based on local
knowledge and local wisdom. Generally, farmers
grow local rice varieties with a long life cycle of
about 9-10 months, so that only one crop cycle
can be cultivated annually. With the Green Rev-
olution which was started in the late 1960s in In-
donesia, new high-yielding varieties were intro-
duced. Recently Inpara 2, Inpara 3, Mekongga,
and Ciherang have been introduced on acid-sul-
fate tidal swampland (Simatupang et al. 2017).
Several other varieties have also been reported
(Mamat and Sukarman 2020). However, local
varieties are still maintained by the communi-
ties. The slender shape and tender taste of rice,
high adaptability, relatively high resistance to
pests and diseases, and the higher selling price
compared to high yielding varieties have caused
local farmers to still cultivate them, despite the
relatively low yield of 3-4 tonnes ha'(REF).

Peatland is a type of soil that has long been
used by the community to produce food crops.
Shallow peat (< 100 cm thickness) can be utilized

for annual crops including rice (Noor et al. 2017).
Water and soil fertility management are critical
for the success of peatland farming (Nusyamsi et
al. 2020; Noor and Sosiawan 2020).

Swampland management for other annual
crops

In the program to increase the production of
national food crops, corn and soybeans are food
crops that are cultivated in swampland oth-
er than rice. According to, Maize and soybeans
can be cultivated on tidal swampland both on
mineral and peat soil, on types C and D swamp-
lands towards the end of the rainy season and
during the dry season (Simatupang et al. 2017).
Planting in the dry season requires water man-
agement by applying a block system called dam
overflow (locally called tabat) to maintain the
groundwater level. In type B, maize and soybean
can still be planted with the raised-bed (surjan)
system after the rice harvest in the dry season.

Various vegetable crops (spinach, celery, long
beans, cucumbers, chilies, and tomatoes) and
fruits (oranges, papaya, bananas, and rambutan)
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are commonly grown on swamplands. Horticul-
tural crops generally require a growth medium
that is fertile, loose, contains lots of humus, has
a pH of 5.5-7.0, and is not flooded. Meanwhile,
swampland is very different from the conditions
required by the requirements for growing horti-
cultural crops. Therefore, the cultivation of horti-
cultural crops in swampland requires technolog-
ical innovations in the form of land preparation
and arrangement, water management, adaptive
types and varieties, amelioration, fertilization,
and post-harvest.

The land arrangement is carried out by apply-
ing a raised-bed or gradual surjan (locally called
tukungan) system. This system also functions as
water management, coupled with an increase in
water quality by adding lime or dolomite to the
water which functions to increase pH, increase
Ca and Mg concentrations, and reduce Fe con-
centrations, while increasing plant productivity
(Raihana and Koesrini 2017). Application of Ca
and Mg through dolomite (Ca-MgCO,) can actu-
ally improve the quality of citrus fruits, including
taste because it increases sugar and acid levels,
and vitamin C (Antarlina and Noor 2011).

The application of rice husk biochar enriched
with agricultural waste compost in swampland
increased soil pH, reduce Fe toxicity, reduce
methane (CH,) emissions, and increased grain

yield by 28%. As a soil amendment, biochar can
act as an atmospheric carbon sink due to the
conversion of bio-degradable carbon (biomass)
into less degraded aromatic carbon (biochar)
(Annisa et al. 2021).

Swampland management for annual crops

Swampland with mineral soil and deep peat
soil (2-3 m thick peat) can be utilized for peren-
nial crops. Annual crops that are cultivated and
are in great demand in swampland are oil palm
and rubber. Both of these plants are reported to
grow well on peat with medium thickness (1-2
m), while coffee and cocoa can grow on shallow
peat (0.5-1 m). According to Sabiham and Sukar-
man (2012) oil palm is a commodity that is able
to adapt well to peatland. By applying appropri-
ate water management technology, along with
increasing the stability of peat material and CO,
absorption by plants in oil palm development
areas, the utilization of peatland will provide
great benefits, not only for the present but also
for the future.

Currently, the utilization of swampland for
annual crops such as oil palm is mostly directed
at degraded peatland. Technology to increase
productivity is needed through water manage-
ment, amelioration, fertilization, the use of de-
composers, and cropping systems to increase
the productivity of annual crops on peatland.

= rptp lafan lebak tengahan” :
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Figure 7.2. Raised-bed system for growing chili on medium freshwater swampland at Banjarbaru Experimen-
tal Station, September 2019
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Water management in oil palm cultivation on
degraded peatland is more problematic than on
mineral soil because if it experiences droughtit is
irreversible, so its ability to hold water is reduced
(Sosiawan et al. 2021). Water management must
be able to create favorable conditions for vari-
ous chemical reactions in the soil, wash out tox-
ic elements, and slow down the process of peat
subsidence. Therefore, water management is
the key to increasing oil palm productivity. The
best growth and productivity are obtained if the
water level can be maintained at 60-80 cm from
the soil surface.

The low productivity of oil palm on degraded
peatland is due to low sail fertility and soil bio-
logical properties that are unfavorable for plant
growth. Therefore, soil amelioration is needed
to improve the chemical and biological proper-
ties, so that it can increase oil palm productivity
by 0.34-0.61 tons ha' month' (Masganti et al.
2019). Now, oil palm plantations in Indonesia
reached 9.7 million ha, of which 2.0-2.5 million
ha are in swampland. The average productivity
of oil palm in swampland is low, but with tech-
nological innovation, it can be obtained 20 - 24
tons of FFB ha' year' (10 years old). Oil palm
productivity on peatlands was 19-25 tons FFB
ha' year” (Noor 2001; Noor 2004).

Swampland management for livestock

Livestock can be carried out on swampland,
both tidal swampland, and freshwater swamp-
land, and need to be matched to its land char-
acteristics. Poultry can be cultivated in swamp-
land, especially ducks and chickens, as well as
for ruminants, namely cattle and buffalo. Taking
care can be done either extensively or inten-
sively depending on the scale of business, wa-
ter depth, and type of livestock. An important
aspect that needs to be considered is the ade-
quacy and quality of feed. In tidal swampland,
drinking water for livestock should be provided
from well water instead of from drains to reduce
sour taste and improve quality.

Cattle rearing on both tidal and freshwater
swampland is carried out intensively due to

natural conditions that do not allow them to be
released into the wild. However, if there is open
land where the soil is dense enough, livestock
can be released for several hours to train their
muscles and get enough sunlight (Rohaeni et al.
2017). Management integration between plan-
tation crops and livestock has long been recom-
mended, such as between oil palm and cattle
to be more efficient and more profitable (Noor
2016).

Climate change impacts

Climate variability

The climate variability of ENSO (EI Nifho
Southern Oscillation) which is caused by the
changes in the sea surface temperature (SST)
mainly affects rainfall patterns in Indonesia. By
using the plausible IPCC model, ENSO is pre-
dicted to increase in the future due to global
warming. This ENSO prediction is based on a
scenario in which the increase of atmospheric
greenhouse gas (GHGs) emissions cannot be cut
as planned (Cai et al. 2022).

El Nino mode is driven by SST interannual
variability. El Nifo drought increases evapora-
tion and then reduces water levels in wetlands
(Stirling et al. 2020). The lowering water table ex-
poses soil to aerobic conditions that accelerate
organic matter decomposition rate, releasing
GHGs into the atmosphere (Salimi et al. 2021).
In peatland, El Nifio causes groundwater to drop
drastically and makes peat dry quickly, turning it
into massive fuel for land fires. Peat fires during
the 2015 El Niflo were reported to cause massive
damage both on land and in the atmosphere
(Field et al. 2016; Parker et al. 2016). The fire was
difficult to control and destructed wildlife hab-
itats. Meanwhile, the haze was spread out to
larger areas including neighboring countries,
disrupting human health and human activities
for weeks. This haze calamity affected economic
loss on a local and regional scale (Voiland 2015).
Moreover, the high temperature and the lack
of rainwater supply during El Nifio stresses the
plant through the disruption of plant physiolog-
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ical tissues (Feng et al. 2021).

In general, agriculture production decreases
during El Nifo (Irawan 2013). However, the de-
creased level of inundated water in wetlands
during El Nifo drought creates ideal condi-
tions for rice cultivation, especially in mineral
soils with fluvio-marine and alluvial physiog-
raphy (Ritung et al. 2020). Rice cultivation area
increased significantly during the El Nifio peri-
od in Indonesia’s wetland areas (unpublished).
However, the interaction between crops growth
during El Niflo and the high air temperature is
not clear. The increase in heat intensity and du-
ration during the El Nifilo event generally may
disrupt plant tissue metabolism which has an
impact on plant growth and productivity.

La Nifla events increase the risk of flooding in
the wetlands, which threatens to damage crops,
property, and lives of people (Irawan 2013). The
inundation phase in the wetlands during the
La Nina event is longer than normal years. The
higher level of water submersion compare to
normal year inhibits crop cultivation. This water
submersion creates an anaerobic circumstance,
where the decomposition rate of the organic
matter becomes slower. It means that GHG emis-
sions, especially CO, gas, can be suppressed,
while CH, emissions increase (Debanshi and Pal
2022; Mitsch and Mander 2018). In general, the
exceeded rainfall during La Nina can preserve
the carbon in the wetland (Salimi et al. 2021).
The increase in humidity generally triggers pest
and disease outbreaks in wetlands.

Seawater Level Rise

Global warming causes the melting of gla-
ciers in the polar regions, thereby increasing the
volume of ocean water in significant quantities
and then raising the global sea level. The climate
model using RCP (Representative Concentration
Pathways) model scenarios predicts an average
sea level rise of 26-98 cm (minimal emission sce-
nario) to 93-243 cm (high emission scenario) in
the year 2100 (Kopp et al. 2017). This seawater
level rise threatens low-lying areas including
coastal wetlands and small islands in Indonesia
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to be in danger of sinking.

Coastal wetland areas that have been used
as residential and crop cultivation areas are vul-
nerable areas that are prone to sinking and are
no longer able to be inhabited and produce
agricultural products. With the vast area of ag-
ricultural coastal wetland in Indonesia (Ritung
et al. 2020), the loss of them affects the problem
of food security. Moreover, seawater level rise
threatens hydrological functions, wildlife hab-
itats, and human civilization in wetlands (Kopp
etal. 2017; Martinez-Megias and Rico 2022; Ady-
asari etal. 2021).

When the sea level rises gradually towards
the predicted level, it will be accompanied by an
increase in salinity, both by increasing salt con-
centrations in groundwater and soils and the sa-
linity penetration to the mainland (Forster et al.
2011; Wassmann et al. 2009). Crops will experi-
ence stress due to increased salinity and further
interfere the crop growth and yields.

Temperature Increases

The increase in air temperature due to global
warming has an impact on increasing the risk of
drought in wetlands. The existence of wetlands
depends on the availability of water, considers
very vulnerable to the risk of drought. It was de-
tected that a third of the global wetland area had
been lost in 2009, with mostly happened in Asia
(Hu et al. 2017). The loss of wetland is caused by
hydrological drought due to water abstraction
and drainage for agricultural use (Li et al. 2021).
Aerobic conditions in the soil surface layer are
very important to favor the growth of crop roots.
Global wetland shrinkage occurs at a rate of 1%
per year (Davidson and Finlayson 2018) and pos-
sibly gets worse due to meteorological drought
of climate change (Dai 2013).

Water loss from soil causes oxygen penetra-
tion into the wetland and subsequently acceler-
ates organic matter decomposition and increas-
es acidity. Decomposition of organic matter
releases GHGs which is dominated by CO,, caus-
ing an increase in GHG concentrations in the at-



mosphere. In general, drought in wetlands caus-
es environmental damage (Stirling et al. 2020).

In wetlands with marine physiography, this
drought accelerates the water evaporation and
exposes the iron sulfide of pyrite in the soil layer
to oxygen, and drops the acidity down to < 3 pH
(Anda et al. 2009). The roots of crops are most-
ly failed to survive in such low pH. The extreme
acid solution possibly contaminates the lower
areas and deteriorates the damage to the eco-
system (Stirling et al. 2020).

Emissions from wetland

Potential emissions from wetlands main-
ly come from the release of above and be-
low-ground C-stocks. Emissions from above-
ground carbon stocks occur when land uses
with high carbon stocks, such as primary forests,
are converted to land use types with relatively
low carbon stocks. Agriculture does not always
cause the release of carbon stock, as some ag-
ricultural areas are developed on lands with a
relatively low carbon stock If shrubs are convert-
ed to plantations, this conversion likely results
in net carbon sequestration (Susanti dan Dariah
2014; Agus 2013). Carbon stocks depend not
only on plant type but also on soil fertility and

climatic factors. National Development Planning
Agency/Bappenas (2021) publishes default car-
bon stock values for 23 land-use types, some of
which apply to wetlands (Table 7.3).

Agriculture on peatlands in Indonesia is
dominated by plantations, mainly oil palm and
rubber. Horticultural crops such as pineapples
and vegetables are also grown on peatlands
but scattered in small areas. Drainage is often
practiced when peatlands are used for agricul-
tural activity, as aerobic soil conditions are re-
quired for growing commodities. Drainage trig-
gers the accelerated decomposition of organic
matter and produces GHG emissions, mainly in
the form of CO2. In addition to accelerated de-
composition, peat fires are the leading cause of
wetland emissions from drained peatlands. The
fire risk on drained peatlands increases during a
long dry season, or when there is extremely dry
weather like El Nino.

The use of mangrove forests for agriculture is
not as extensive as the use of peatland. The main
plant grown on mangrove land is sago, which
does not require a drainage process as this plant
is resistant to puddles. Sago plants also grow
in several peatland areas, such as in Papua and
the Riau Islands. The lowlands generally used for

Table 7.3. Above ground C-stock of wetland types (National Development Planning Agency /Bappenas

2021)
Aboveground C-Stock (t ha-1)

anduse Sumatra Java ?.::;;:?: Kalimatan | Sulawesi Maluku Papua
Primary Mangrove Forest 124.15
Secondary Mangrove Forest 94,9
Primary swamp forest 103.67 90.69 90.69 129.27 100.86 90.69 84.15
Secondary swamp forest 71.22 74.94 74.94 80.21 60.36 74.94 68.54
Plantation forest 75.7 87.26 87.26 85.27 85.27 17.2 72.84
Shrub swamp 30
Plantation 63
Paddy field (Sawah) 2
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Figure 7.3. Various agricultural systems on peatland: oil palm plantation (left), rubber plantation (middle),

intercropping of rubber and pineapple (right)
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Figure 7.4. Sago (left) and rice (right) on tidal swamp area,; both do not require intensive drainage

rice cultivation (especially tidal swampland and
freshwater swamp) will be mostly flooded, so the
potential for emissions is much lower than peat-
land and mangrove. Carbon in peatlands and
mangroves is primarily stored as belowground
carbon pools and is unstable, which means it
can quickly decompose if its natural conditions
change, i.e., under aerobic conditions (Rieley et
al. 2008; Agus et al. 2013; Husen et al. 2014; Mas-
war & Dariah 2014). Emissions from the release
of belowground carbon pools from wetlands are
discussed below.

Emission from organic soil decomposition

Research on GHG emissions from swamp-
lands in Indonesia is mostly carried out on peat-
lands. A part to the relatively larger use of peat-
lands is because the potential emissions from
peatlands are much higher than other swamp-
lands due to the higher (below ground) carbon
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stock of peatlands. According to Agus and Su-
biksa (2008), carbon stocks in peatlands range
from 300-6,000 t C ha', while mineral soils are
only 30-300 t C ha™'. Various studies on Indone-
sian peatlands have resulted in widely varying
emissions data. This is partly due to different
measurement methods. Previously, the value
of GHG emissions from drained peatlands was
based on subsidence measurements, as has
been done by Couwenberg et al. (2010), Cou-
wenberg & Hooijer (2013) and Aich et al. (2013).
The use of subsidence data to estimate emission
levels has several drawbacks, i.e. there are other
factors such as shrinkage and compaction that
have not been carefully considered. However,
the phenomenon of bouncing back (Anwar et al.
2020) is also an obstacle in estimating emissions
based on subsidence.

Recently, observations of CO, fluxes from
peatlands have been mostly carried out using



the closed chamber method. CO, fluxes from
peatlands under oil palm plantations range
from 20-66 Mg CO, ha' year-1 (Melling et al.
2005, 2007; Wicke et al. 2008; Jauhianien et al.
2008; PPKS 2009; Fargione et al. 2010; Sabiham
et al. 2014; Dariah et al. 2014; Marwanto and
Agus 2014; and Husnain et al. 2014). The vary-
ing numbers are caused by differences in the
relative contribution of root respiration. Several
studies have shown that the relative contribu-
tion of root respiration to measured CO, fluxes in
peatland oil palm plantations ranged from 14 to
74% (Melling et al. 2007, Murdiyarso et al. 2010;
Hergoualc’h and Verchot 2011; Agus et al. 2010;
Dariah et al. 2013; Husnain et al. 2014; Sabiham
2014). The relative contribution of root respira-
tion depends not only on plant type, but also on
plant age, other plant populations, understory
cover crops (UCCs), and environmental condi-
tions that affect root respiration rates.

The variation of peatland emissions is also
due to quite complex processes of decompo-
sition depending on various parameters such
as temperature, moisture, aeration, plant com-
position, and the microbe community, which
are interconnected with each other and would
change with time and depth. Understanding
changes in heterotrophic fluxes in ecosystems is
critical for determining their contribution to soil
respiration (Nurzakiah et al. 2021). Of the various
parameters that affect peat decomposition, Itoh
et al. (2017) pointed out that temperature and
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water availability play a crucial role in peat de-
composition among all these variables. Howev-
er, some findings suggest that the relationship
between heterotrophic fluxes, soil temperature,
and soil water content is not always consistent
(Nurzakiah et al. 2021; Taneva and Gonzalez-Mel-
er 2011). Some researchers have interpreted
CO, loss from peatlands as a function of ground-
water levels, with most reporting positive cor-
relations, one of them as shown in Figure 7.6.
However, the relationship is not always linear.
Several other studies have shown that ground-
water levels are not associated with increased
CO, emissions (Melling et al. 2013; Sumawinata
etal. 2014; Jarveoja et al. 2016). The inconsistent
relationship between groundwater levels and
CO, emissions may be due to widely varying soil
properties and environmental conditions.

Based on the CO, fluxes from many related
references, most of which resulted from research
conducted on peatlands on the islands of Suma-
tra and Kalimantan, IPCC (2013) provides the de-
fault CO, emission factors of drained peat soils
(organic soils) in the tropics, as shown in Table
7.4. The average emission from peat decompo-
sition from oil palm plantations is 40 Mg CO_-e
ha' year'. Plantations with shallow drainage
of less than 0.3 m, typically used for sago palm
have a much lower CO, flux of around 5.5 CO,-e
Mg ha" year'. Under paddy field, the CO, flux
from cropland was also relatively low, at about
34.5 CO,-e ha" year. Flux values for croplands

Figure 7.5. Measurement of emissions on peatlands using chamber (left and middle) and measuring subsid-
ence with subsidence rod (right)
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Figure 76. Relationship between peat decomposi-
tion (PD) and groundwater level (GWL) in trench-
ing plot 1 (circles), 2 (squares) an 3 (triangles). A
grey symbol denotes total soil respiration (SR)

or CO, fluxes from outside of the trenching plots.
A line is fitted without the grey symbol for each
trenching (p b 0.001):

1) y=0.07 - 6.31x (r’= 0.98)

2) y=0.41-4.35x (r* = 0.98)

3)y=-053-547x (r* = 0.94)

(Wakhid et al. 2017).

are higher than for sago because the drying pe-
riod is close to harvest time.

Most of the research results in IPCC (2013)
use the chamber method. Anwar et al. (2020)
analyzed the CO, flux from the peat surface
based on the measurements using an automat-
ic chamber with an interval of every 30 minutes.
They enhanced their research by measuring car-
bon dioxide fluxes above the tree canopy using
the Eddy Covariance technique. In obtaining the
net CO, flux values, several flux determination
methods were performed simultaneously, i.e.,
subsidence method, conventional and automat-
ic chamber methods, eddy covariance method,
trenching method, and peat decomposition
analysis method. This study found that CO, flux
from heterotrophic respiration (peat decompo-
sition) was 28.8 Mg ha' year'. This study also
demonstrated that the amount of CO2 absorbed
by plants was relatively higher than the amount
of CO, released through root respiration. This
fact suggests that part of CO, uptake by oil palm
and UCC comes from the decomposition of peat
used for the growth of these plants (Anwar et al.
2020).
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Dinitrous oxide (N,O) emissions are also
considered important GHG to control in wet-
lands. Like CH,, the amount of N,O emissions
is lower than CO, but has a much higher GWP
value reaching 296 times CO,. N,O emissions
are closely related to nitrification and denitrifi-
cation processes, which are influenced by land-
use patterns and agricultural farming manage-
ment such as fertilization. According to Takakai
et al. (2006), N,O emissions in peatland for hor-
ticulture, grassland, natural peat forest, and
burned forest was 21-131 kg N ha™ year™, 7.1 kg
N ha' year?', 0.62 kg N ha' year’, and 0.4 kg N
ha' year”, respectively. According to Hadi et al.
(2007), N,O emissions in tidal swamplands are
influenced by overflow types A<B<C/D, with the
magnitude for A, B, and C/D types are 0.07 kg C
m2 season-1,0.10 kg C m? season’, and 0.19 kg
Cm2season”, respectively. According to Melling
et al. (2007), the factors that influence the emis-
sion of N,O are soil moisture, temperature, wa-
ter-filled pore space, N content, and redox po-
tential (Eh). According to Nykanen (2003), N,O
emissions from natural peatlands are low (< 4
mg N,O m™ year”). Inubushi et al. (2003) indicat-
ed that N,O emissions from peatlands used for
agriculture ranged from 0.5 to 3.7 g m2 year™.

Emissions from land fires

In addition to decomposition processes,
greenhouse gas emissions from wetland espe-
cially peatlands also come from fires. Accord-
ing to Hatano et al. (2004), a peatland fire at a
depth of 15 cm, with an average carbon content
of 50 kg m? (range 30-60 kg m2), will produce
emissions of 275 t CO,-e ha™. Fire risk occurred
during the dry season or during extreme climat-
ic events such as EI-Nino in 1997 and 2015 (Fagih
and Boer 2013; Yananto and Dewi 2016). There
are three types of land and forest fires, namely:
(i) ground fires, which are fires burning humus
and deep peat; (ii) surface fires that spread on
the forest floor; and (iii) canopy fires that spread
to higher plants among dry canopy (Barani
et al. 2021). The first type of fire, ground fire, is
the riskiest fire event and is difficult to control.
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Table 7.4. Emission factor for drained organic soils in some land-use categories at tropical region (IPCC

2013)
Emission Factor (Mg 95% Confidence .

Land Use category CO2eq ha-1 yr-1) interval No. of sites
Plantation, drained, unknown or long rotation 55.1 36.7 771 na
Plantation, drained, short rotation, i.e. Acacia 734 58.7 477 13
Plantation, drained, oil palm 404 20.6 62.4 10
PIantatllon, shaIIow-draln_ed (typically less than 0.3 55 84 19.8 5

m), typically used for agriculture, e.g. sago palm

Cropland and fallow, drained 514 242 954 10
Cropland, drained, paddy rice 34.5 0.7 734 6

Figure 7.7, Fire incident on peatland

Ground fire happens when the water content in
the peat soil is relatively low.

Research results from Maswar (2015) showed
that the water content of the peat surface
<117% (w w), has led to heavy fires; whereas
at the water content on the surface >291% (w
w'), peatlands experienced light fires (fires only
burned litter and vegetation on the surface of
the peatlands). Other studies suggest that the
critical moisture content of peat soils is at risk
of burning, i.e. 117-213% (w w") (Winarna 2016;
Rein et al. 2008; Putra 2003). At a certain water
content, peat has irreversible drying, in which
the peat is at a very high risk of being burned.

10.10.2012

As one of the efforts to prevent peat fires, the
Government of Indonesia has issued a regula-
tion, i.e.,, Government Regulation No. 57 of 2016,
which stipulates that the groundwater table
depth on peatlands must be <0.4 meters below
the peat surface. The groundwater table depth
<0.4 m on drained peat is difficult to achieve
throughout the year, especially during the dry
season. The results of observations on peatlands
under oil palm in Riau Province show that the
depth of the groundwater table ranges from
-28 cm to 100 cm from the soil surface and the
water content of the peat in the surface layer (0-
10 cm depth) ranges from 227.6-367.4% (w w').
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A long-term study by Adhi et al. (2020) showed
that the groundwater table in oil palm plan-
tations ranged from -18 cm to -96 cm in depth
throughout the year, and the water content of
the 10 cm layer ranged from 332 to 486% (w w™).

Adaptation strategies and mitigation co-ben-
efits

Based on Indonesia’s First Biennial Update
Report (BUR) submitted to UNFCCC in January
2016, national greenhouse gas (GHG) emissions
were 1.453 Gt CO,-e in 2012 which represent an
increase of 0.452 Gt CO_-e from 2000 emissions.
The main contributing sectors were came from
land-use change and forestry (LUCF) including
peat fires (47.8%) and energy (34.9%). The 2nd
BUR reported a slight increase in emission level
to 1.457 Gg CO,-e in 2016, which was also dom-
inated by emissions from LUCF including peat
decomposition and fires (43.59%) and energy
(36.91%), respectively (MoEF 2021). It can be
seen that peatlands are one of Indonesia’s big-
gest GHG emitters.

In 2015 the Government of Indonesia
pledged to reduce emissions from 2020 to 2030
by 29% (unconditional) up to 41% (condition-
al) against the 2030 business as usual scenario,
an increased unconditional commitment com-
pared to the 2010 pledge of 26% (MoEF 2021).
These core missions are consistent with the
national commitment toward low carbon and
climate-resilient development path, in which
climate change adaptation and mitigation con-
stitute an integrated and cross-cutting priority
of the National Medium-Term Development Plan
(RPJMN). In order for Indonesia to achieve this
ambitious national emission reduction target,
the potential to significantly reduce emissions
is from peatlands. However, without consider-
ation of adaptation, initiatives for greenhouse
gas emission (GHG) reductions from cultivation
areas of peatland could underperform due to di-
rect climate hazards (e.g. increasing the length
of the dry season), as well as increase the vulner-
ability and reduce the plant’s ability to adapt to
climate changing.
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The role of Indonesia’s peatland in climate
change

Peatlands are a type of wetland ecosystem
in which waterlogged conditions prevent plant
material from fully decomposing, so peatlands
are a potential carbon reservoir. Indonesia’s
tropical peatlands are among the largest terres-
trial carbon pools on the Earth with estimates of
55 Pg C (Murdiyarso et al. 2010), these are one-
third of the carbon stocks in tropical peat soils
(Gumbricht et al. 2017). This is because the natu-
ral condition of peatlands absorbs carbon diox-
ide out of the atmosphere and stores it in their
peat soil material, they could severely impact
climate change if not managed well.

The map of peatland use shows the four
main land-use classes found in peatland areas
in the Indonesia such as forest (47.50%), uncul-
tivated/shrubs (20.26%), (oil palm, rubber, and
pulp) plantations (16,41%), agricultural land
(4,85%) (BBSDLP 2017). This indicates that more
than 50 percent of Indonesia’s natural peatland
areas are currently deforested and converted for
several land use and mostly drained (BBSDLP
2017). Indonesia’s tropical peatlands are of great
interest because of the numerous ecosystem
services at risk and the extensive greenhouse
gas emissions that arise from these land conver-
sions. Intense natural forest logging and drain-
ing of the peatlands are causing severe ecolog-
ical and environmental impacts. Drainage of
peatland for example increases vulnerability to
fire; this is one of the most significant causes of
peat degradation and GHG emissions. When the
natural peatlands are drained causes an increase
in the oxygen levels in the soil, and they release
a significant amount of CO,, a greenhouse gas,
which exacerbates global warming and climate
change of irrevocable damage and further ac-
celerates degradation. Most reports highlighted
that increased carbon emissions in Indonesia
came from peat decomposition and large-scale
fires. Emissions from peat decomposition and
burning significantly contributed to Indonesia’s
total GHG emissions (DNPI 2014; MoEF 2021).
Besides, some areas of peatland drained had to



Table 7.5. Land cover of Indonesian peatlands

Wetland Agriculture

Land use Area (hectares) %
Forest 6,287,941 475
Plantation 1,637,295 12.37
Pulp Plantation 534,832 4.04
Shrubs/bush 2,682,214 20.26
Agriculture land 642,149 4.85
Ex. Mining Concession 8,763 0.07
Paddy field 195,765 1.48
Others 1,252,906 9.22
Total 13,269,705 100.00

Source: BBSDLP (2015)

Figure 7.8. Snap shot land cover of peatlands: Natural peatlands (top left), Shurbs/uncultivated (top right), Oil

— 3 ¥

palm plantation (bottom left), and Agriculture practices (bottom right)

be abandoned as soil surface subsidence as a
consequence of these activities.

The expansion of agriculture and/or plan-
tation in to peatland areas in Indonesia is un-
avoidable due to limited availability of mineral
soil that can be utilized. Utilization of peatlands
for agriculture practices in Indonesia has a long

historical foundation. Traditionally. indigenous
people use peatlands to produce traditionally
food crops, fruits, and spices, such as the so-
nor system in South Sumatera. Starting from
the 1980s. they have been growing into large
plantations managed modernly to get a better
income like oil palm plantations. Besides, other
areas have been opened for timber logging and
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Figure 7.9. Peat subsidence with rate 69 cm from 2001 to 2012 (11 years) at Lubug Ogong village, Sei Seki-
jang sub-district, Pelalawan Regencyc, Riau Province (left), and fire impact on peat loss (subsidence rate
around 30 cm during 7 day fire i.e. 2-8 October 2014) at Jabiren village, Jabiren Raya sub-district, Pulang
Pisau Regency, Central Kalimantan Province (right)
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land claiming but were then abandoned. How-
ever, it is required to be sustainable for which
grown water level, wildfire, and biodiversity
must be managed appropriately.

Synergies between adaptation and
mitigation of peatland management

The impact of climate change and global
warming is one of the biggest problems fac-
ing of agricultural practices on wetlands today.
Failure to prevent both global warming and
climate change can have a very bad impact on
agriculture practices on wetlands. In this regard,
various efforts and strategies for adaptation and
mitigation, both short and long-term anticipa-
tion, have been carried out in certain aspects.
This is very important because delaying adap-
tation and mitigation efforts to climate change
will cause greater losses in the future.

The agricultural sector of the wetland is ex-
pected to be able to contribute to dealing with
climate change, especially in efforts to reduce
greenhouse gas emissions. In this regard, adap-
tation must be used as an entry point for miti-
gation because farmers do not understand and/
or are not concerned with mitigation actions.
Many emission reduction treatments are bene-
ficial for farmers, and conversely, various adap-
tation treatments are also able to reduce emis-
sions (mitigation as a co-benefits of adaptation).
However, adaptation action can influence miti-
gation positively or negatively or vice versa.

The government of Indonesian (GOI) consid-
ers climate adaptation and mitigation efforts of
agricultural sectors, such as:

« In anticipating climate change, agricultur-
al policies should prioritize the principle of
adaptation without neglecting mitigation
actions. so that every action to reduce GHG
emissions in the agricultural sector must
also ensure that it supports efforts to in-
crease production and productivity.

« Climate change adaptation and mitigation
actions must provide benefits in improv-
ing the welfare of farmers. so the selected

action must be adapted to the system and
people’s agricultural businesses. Adaptation
and mitigation actions are operationally de-
scribed in each echelon | as well as at the
regional level. Thus, the agricultural sector
contributes to the national target for reduc-
ing GHG emissions.

« Climate change adaptation and mitigation
activities are location-specific by taking
into account the geographical conditions
of each region. so the technology to be ap-
plied must be appropriate and location-spe-
cific by adopting as much local wisdom as
possible.

Several actions of agriculture and plantation
activities have synergized between adaptation
and mitigation action on peatland such as:

« Improved water management by canal
blocking in peatlands is a fundamental step
to supporting the sustainable management
of peatlands.

« A sustainable alternative for utilizing peat-
land with minimum drainage is Aero hydro
culture, which basically involves growing
crops in peatland under conditions of the
lower water table. Maintaining a high wa-
ter table in aero hydro culture potentially
reduces soil subsidence, fire risk and CO,
emissions.

« The protection of remaining peatlands is
one of the most important and cost-effec-
tive management strategies for minimising
GHG emissions. Currently. the Indonesian
government has put a ban or moratorium
on the conversion of peatland area. These
moratorium could contribute greatly to fu-
ture fire prevention and significantly contri-
bution to reduce Indonesia’s green house
gas emissions.

« Improving physical, chemical, and biological
characteristics of peat soil used for agricul-
ture practices by amelioration. Ameliorant
use can be organic or inorganic materials.
Theoretically, the ideal material used for im-
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proving peat soil characteristics is that has
high base saturation, can increase peat pH,
and contains complete nutrients, so it can
also work as a fertilizer and has the ability to
improve the structure of peat soils. The type
of ameliorant that has been widely used for
agriculture practices are volcanic ash, lime,
and mineral soils. wood/litter ash, biochar,
and animal manure. The characteristics of
ameliorant materials for peatlands and their
function in adaptation and mitigation to
GHG emissions that are commonly used are:

- Lime/dolomite function: to reduces
organic acids’ toxicity, increases soil pH
and base saturation, and mitigates GHG
emissions.

- Animal manure function: to increase
nutrient availability and soil stability,
and mitigation GHG emission

« Biochar function: toreduces soil acidity

and mitigation GHG emission

« Mineral soil function: to reduce toxicity
of organic acids and mitigation GHG
emission

« Pugam (peat fertilizer) function: to
reduce toxicity of organic acids, increase
nutrient availability and mitigation GHG
emission

Conclutions

Wetlands, especially peatlands and man-
groves, play an important role in climate
change because of their ability to regu-
late the concentration of greenhouse gas-
es (GHQG) in the atmosphere. The potential
emissions from peatlands are much higher
than other swamplands due to peatland’s
higher below-ground carbon stock.

Figure 711. Water table control by canal blocking (left and middle), Aero hydro culture treatment on oil palm
plantation in peatlands (right)

Figure 7.12. Ameliorant application by farmer for agriculture practices in peatland
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Table 7.6. Several synergies between adaptation and mitigation action of agriculture practices in peatland

Activity Adaptation Mitigation

Reduce: CO2 emission, fire risk,
subsidence

Reduce water table depth on peat- | » Reduce fire risk

lands (canal blocking)

+ Extended life service of peatlands
Balanced fertilization * Reduce the cost

Reduce emission (especially N20)

* Yield increase

* Reduce plant pest organisms.

Amelioration * Increase nutrient availability

Reduce GHG especially CO2

+ Reduce toxicity of organic acids

emission

+ Reduce soil acidity

Aero Hydro culture * Reduce fire risk

Reduce GHG especially CO2 emis-

+ Extended life service of peatlands

sion, fire risk, and subsidence rate

* Increase nutrient and oxygen
adsorption by plant

2. Swampland has potential as agricultural
land by implementing a management and
cultivation system based on the characteris-
tics and capabilities of the soil and its envi-
ronment.

3. Various mitigation actions are beneficial for
adaptation, but other options risk increasing
costs and decreasing yields.
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No Regret Interventions for Climate
Change Adaptation and Mitigation in
Animal Husbandry

M. Ikhsan Shiddieqy , * Zuratih, 2 Agustin Herliatika, 2 Yeni Widiawati, * Bess Tiesnamurti

'Indonesian Center for Animal Research and Development
2|Indonesian Research Institute for Animal Production

The rise of national population leads to increased consumption of animal products. It
is also become the primary drivers of the growth of demands for agricultural products. In Indo-
nesia, there has always been a gap between supply and demand of beef meat. The government
increased the livestock population through intensive program of livestock production involving
artificial insemination, animal fattening, and community-based livestock breeding. However,
the increasing livestock population caused an increase of enteric fermentation and manure pro-
duction as sources of greenhouse gases (GHG) emissions from the livestock sector. To support
the improvement of the GHG inventory and systems for measurement, reporting and verifica-
tion (MRV) of emission reductions, this report summarizes the situation, gaps and needs related
to the livestock GHG inventory, mitigation and adaptation co-benefit actions and MRV systems
for the livestock subsector.
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Description of Indonesia’s animal hushandry

Livestock and national economy

The agriculture contributes 9.4% to Indone-
sia’s national GDP 2019-2020. It consisted from
food crops (2.95%), horticulture (1.45%), estate
crops (3.14%), livestock (1.67%) and other agri-
culture services (0.19%) based on prices prevail-
ing at the time of production (Indonesian Statis-
tics-BPS 2020). The contribution of agriculture
to national GDP has continued to increase over
time. The GDP growth from livestock (7.84%) in
2019 is the highest among other subsector in
agriculture. This shows the critical contribution
of the livestock subsector to Indonesian agricul-
ture.

The livestock subsector plays an important
role in Indonesian economy, absorbing 12.22%
of 31.86% the labour involved in agriculture.
In 2020, consumption of protein derived from
beef, poultry, milk, and eggs in Indonesia was
relatively low, averaging 21.9 kg per capita per
annum (Ministry of Agriculture 2021). This figure
still needs to be increased because it is still far
from the annual average per capita consump-
tion of such products in the Southeast Asian re-
gion. Therefore, many national programs aim to
support an increase in livestock populations and
production.

Indonesia has the fourth largest population
in the world and is growing at a rate of 1.2% per
annum. By 2021, Indonesia has a total popula-
tion of 272.7 million (Indonesian Statistics-BPS
2022). Rising the standard consumption of pro-
tein adequacy has helped beef consumption to
grow.

Livestock and greenhouse gases

As a consequence of increasing livestock
population every year, the livestock sector also
emits GHG. Livestock is one of agriculture sec-
tors under consideration for its contribution to
climate change. Livestock sector is a major con-
tributor to climate change from the emissions of
carbon dioxide (CO,), methane (CH,) and nitrous
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oxide (N,0). This contribution is directly from
enteric fermentation and manure management
and also from other indirect sources.

Beef cattle are the highest contributors to
CH, emission due to the highest population and
its body size. Calculated using Tier 2,in 2014 CH,
emission from beef cattle was 9,850 ton CO_-e
year' (Widiawati 2016). Beef population contin-
uously increases, and the increase is expected
to be higher than the previous years due to a
special program of government to increase beef
cattle population in order to achieve domestic
beef self-sufficiency. The increase of beef cattle
population will have consequences in increas-
ing GHG emission.

Livestock structure and trends

Population of livestock in Indonesia increased
year by year following the government national
program to fulfil the demand on animal’s pro-
tein needs (Figure 8.1). In the period 2016 to
2020, the population of ruminants (beef and
dairy cattle, buffalo, sheep and goats) increased
by 13.06%. Swine increased by 14.75% and the
largest increase was in poultry (22.19%). The
population of each type of livestock is expected
to increase by 9.66% in the period 2020 to 2030.

Government programs on livestock devel-
opment aim to increase the population of live-
stock, in particular large and small ruminants.
The program is focused on development of live-
stock outside Java island, such as Sumatra, Kali-
mantan, Sulawesi and Papua. The most suitable
systems for raising livestock in these islands are
extensive or semi-intensive. Following an in-
crease in palm oil plantation area (almost 14.6
million hectares in 2019) spread across 26 prov-
inces in Indonesia, oil plantations provide areas
for raising cattle or goats under oil plantations
in both extensive and semi-intensive systems.
The extensive system means that the animals
are raised under the palm oil area all the time.
While semi-intensive means that the animals are
grazed under the palm oil area during the day
and are kept in a barn close to the farmer’s house
during night time (Mathius et al. 2017). The inte-



Population (millions)
= [N N N w
o (0] o (9] o

(93]

|

W Beef Cattle

o

‘-I‘-I‘.I|I
O I~ 0 O
8 8 8 8

@V}

2010
2011
2012
2013
2014
2015
2016

N N N

m Dairy Cattle

2017 =

Animal Husbandry

2020 =
2021 =
2022 &
2023 kg
2024 =
2025 =
2026

2027

Goat m Buffalo

Figure 8.1. Trend on population of ruminant animals with the estimated increasing population up to year 2030

(calculated and developed from BPS-Statistics Indonesia)

gration between cattle and palm oil plantation
has become the priority program for increasing
beef cattle production (Mathius et al. 2017).

Climate change impact

The increase of the global surface tempera-
ture has potential impacts on livestock produc-
tion due to feed supply fluctuation caused by
changing in production and quality of forage
(Chapman et al. 2012); water availability (Henry
et al. 2012); animal growth and milk production
(Nardone et al. 2010); diseases (Thornton et al.
2009); reproduction (Nardone et al. 2010); and
biodiversity (Reynolds et al. 2010). These impacts
are primarily due to an increase in temperature
and atmospheric carbon dioxide (CO,) concen-
tration, precipitation variation, and a combina-
tion of these factors (Aydinalp and Cresser 2008;
IFAD 2010; Polley et al. 2013). Among the factors,
temperature is a critical factor which affects wa-
ter availability, animal production, reproduction
and health. While forage quantity and quali-
ty are affected by a combination of increase in
temperature, CO, concentration, and precipita-
tion variations.

Climate change has direct and indirect ef-
fects on livestock. The direct impact of climate
change on livestock production is through wa-
ter availability, that in turn affects animal pro-
duction, reproduction and health. Indirect im-
pact of climate change is through availability of
feed both in terms of quality and quantity. Ag-
riculture sector is vulnerable to climate change
and thus it becomes a victim of climate change.
Since livestock depends on agricultural by-prod-
ucts as their sources of feed, climate change also
has an impact on the availability of feed sources
for livestock.

Livestock productivity is influenced by ge-
netic and environmental factors, where superior
breeds will not provide optimal productivity if
they are not maintained in a comfortable envi-
ronment (comfort zone). Environmental factors
consist of biotic and abiotic elements (tempera-
ture, humidity, rainfall and wind speed) affect
livestock productivity both directly and indirect-
ly. The threat of climate change is in the form of
climate uncertainty, especially an increase in the
frequency of extreme weather, an increase in
temperature and seawater intrusion.
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Impact on feed supply

Increased carbon dioxide levels may result in
less nutritious feed and forage, even if the yield
is higher (FAO 2015). Growers are likely required
to utilize feed additives in order to observe the
projected growth improvements in cattle and
avoid diseases. This additional expense to the
grower would result in higher food prices for
consumers. If there isn't enough water and nu-
trients in stressed soils to keep up with plant
development, therefore feed availability may
decline (FAO 2015).

Climate change causes an increase in tem-
perature and changes in the rainy season.
This has an impact on cropping patterns and
seasons for food crops and plantations (FAO
2015). Therefore, the availability of agricultural
by-product, which is the main source of animal
feed, will fluctuate both in quality and quanti-
ty. Furthermore, the global climate change has
an impact on moving the area of adaptation in
most fodder crops. According to Harmini and
Fanindi (2020), actions that can be taken in
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anticipating these impacts include the use of
drought tolerant crop varieties, crop diversifica-
tion, changes in cropping patterns, and soil and
water conservation. An increasing in CO, atmo-
sphere will increase the competition between
plants and microorganisms for nitrogen (N) in
the soil. Therefore, there will be an increasing in
photosynthesis of high temperature adaptive
crops, as well as an increasing in nitrogen fixa-
tion, resulting in leaching of N in the soil. Thus,
providing adequate nitrogen and other miner-
als to the soil is required. Furthermore, the in-
tercropping system gives higher yields of alfalfa
under conditions of increased CO,, but distance
between plants must be considered due to in-
creased competition for water and N.

Impact on production

An increase in temperature can lead to heat
stress which has an impact on animal behav-
ior, health and reproduction problems, and
decreased livestock productivity (Bernabucci
2019). Heat stress in dairy decrease feed con-
sumption, production and quality of milk, thus



causing low production efficiency (Dahl et al.
2016). Several studies have been conducted in
Indonesia to investigate the impact of climate
change on the productivity of various types of
livestock. Those studies were conducted in dif-
ference microclimate, temperature and humidi-
ty, Temperature Humidity Index (THI) and eleva-
tion (lowlands and highlands). The results of the
studies were summarized in Table 8.1.

Climate change increases ambient tempera-
ture and humidity and influences the milk pro-
duction of dairy cows, in a negative manner. In
several areas of Indonesia, daily temperature
can reach up to 27°C for more than 6 hours, and
this will influence the performance of dairy cat-
tle (Suherman et al. 2013). Therefore, it is import-
ant to overcome the dairy cattle production due

Animal Husbandry

to the changing climate such as improving the
management practices in low elevation areas
through manipulating optimal ambient tem-
perature and humidity (HTI < 72), breeding of
dairy cattle adaptive to low land and/or higher
ambient temperature, manipulating the repro-
duction rate as well as the availability of feed

supply.

The average skin temperature, rectal tem-
perature and respiratory rate of Bali cattle
housed in lowland areas was higher (P <0.05)
compared to middle and highland areas. The
study showed that the micro climatic conditions
of the barn and physiological responses of Bali
cattle housed in the middle and highland areas
was higher than the barn and lowland (Nuriyasa
etal.2019). Saiya (2014) reported those parame-

Table 8.1. Impact of climate change (temperature and humidity) on livestock'’s physiology and productivity

in several locations in Indonesia

No. | Type Location Impact on Physiology and Productivity Sources
1. | Dairy cattle West Java ¢+ Feed intake reduction Suherman et al. (2013)
(lactating) Central Java +  Milk production decrease (5.37%) Prihantini et al. (2017)
2. | Beefcattle Bali «  Skin and rectal temperature increase Nuriyasa et al. (2019)
(local breed) *  Respiration rate increase
Merauke «  Skin and rectal temperature increase Saiya (2014)
*  Respiration rate increase
Merauke +  Noimpact of climate change on puberty age of | Nurcholish and Salamo-
local cattle (male and female) ny (2019)
3. | Goat Lampung +  Feed intake reduction Qisthon and Hartono
(2019)
+  Less susceptible to heat stress than other
ruminant
4. | Chicken Aceh «  Weight gain decrease Sugito et al. (2007)
(broiler) «  Jejenum villi height decrease
+  Feed Conversion Ratio increase
East Java «  Feed intake decrease (starter period) Ximenes et al. (2018)
+  Weight gain decrease (starter period)
+  Feed Conversion Ratio increase (starter period)
Central Java *  Reduce the quality of meat Rini et al. (2019)
South Sulawesi *  Feed consumption decrease Qurniawan et al. (2016)
+  Body weight decrease
+  Feed Conversion Ratio increase
5. | Chicken West Java «  Performance and quality of egg decrease Setiawati et al. (2016)
(layer)
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ters will influence their production performance
such as feed intake, body weight and reproduc-
tion rate. The study showed that Bali cattle were
able to maintain the physiological responses
during monsoon changed. Nurcholish and Sal-
amony (2019) reported there was no significant
influence of the performance for cows from dif-
ferent sites, as well as the influence of high am-
bient temperature to the reproduction perfor-
mance.

Goats are less susceptible to heat stress than
other ruminants. However, their voluntary feed
intake declines when the ambient temperature
is more than 10°C above their thermal comfort
zone. Qisthon and Hartono (2019) reported that
the goat breed has no effect on all physiological
responses. Thus, modification of the microcli-
mate by misting effectively maintains body tem-
perature under normal conditions and increases
the adaptability of goats to hot environments.

Modern chicken (broiler and layer) is very
sensitive to the effect of heat exposure. The
addition of local feed additives, such as Salix
tetrasperma Roxb (jaloh) (Sugito et al. 2007)
and Nigella sativa (Zulkifli et al. 2018) can re-
duce the heat stress caused by temperature
increment. Ximenes et al. (2018) reported that
heat stress exposure has negative effect to the
broiler chicken performance at starter period.
Qurniawan et al. (2016) reported that final body
weight of broiler was significantly (P<0.05) influ-
enced by different elevation altitude (low <300,
medium 300-600 and high >700 Meter Above
Mean Sea Level. Moreover, broiler raised at high
temperatures have lower physical quality, such
as meat quality, than broiler which are kept at
a comfortable temperature (Rini et al. 2019).
While, Setiawati et al. (2016) reported that the
layer chicken has better performance and egg
quality when kept in neutral temperature (18°C).
Abnormalities, egg shell thickness, and egg shell
weight, egg shell thickness were not influenced
by air temperature, but more to the genetic po-
tential of the layer.

The direct effect of climate change on live-
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stock can be seen from the development of
pathogenic microorganisms which are closely
related to livestock health and ultimately affect
livestock productivity. A hot and humid environ-
ment is a very favourable condition for patho-
genic microbes. In addition, the direct influence
of the environment is seen in the heat balance in
the body of livestock, where livestock that can-
not balance heat will experience stress. Howev-
er, if the livestock can balance their heat produc-
tion, they will be in a comfortable condition and
their productions in terms of meat, eggs, and
milk will not significantly be affected.

The interaction between animal production
and climate change is complex and multidirec-
tional since animal production contributes to
climate change; but to the reverse and worse
condition, climate change highly affects animal
production. Climate change, animal production
systems and animal diseases are strongly linked
to each other. But what is worse is that both
change in climate and the production systems
of animals highly affect the occurrence, distri-
bution, emergence and re-emergence of animal
diseases.

Impact on livestock disease

Climate change affects livestock health
through several pathways involving both di-
rect and indirect effects. The direct effects are
most likely pronounced for diseases that are
vector-borne, soil associated, water or flood as-
sociated, rodent associated, air temperature or
humidity associated and sensitive to climate.
Furthermore, the indirect effects of climate
change influence the emergence and prolifera-
tion of disease hosts or vectors and pathogens
and their breeding, development and disease
transmission.

The negative effects of climate change on an-
imal health and welfare will be the consequence
of combined changes of air temperature, pre-
cipitation, frequency, and intensity of extreme
weather events and may be both direct and in-
direct. The direct effects of climate change may
be due primarily to increased temperatures and



frequency and intensity of heat waves. Depend-
ing on its intensity and duration, heat stress may
affect livestock health by causing metabolic dis-
ruptions, oxidative stress, and immune suppres-
sion causing infections and death. The indirect
effects of climate change are primarily those
linked to quantity and quality of feedstuffs and
drinking water and survival and distribution of
pathogens and/or their vectors. Development
and application of methods linking climate data
with disease occurrence should be implement-
ed to prevent and/or manage climate-associat-
ed diseases.

Climate change also has an impact on animal
health through four ways: a) disease and stress
related to high temperature, b) disease related
to extreme climate, c) adaptation of animal pro-
duction system to new environment; d) new dis-
ease or existing disease that spread as a result
of climate change. Higher temperature as well
as humidity will cause emergence and re-emer-
gence of animal diseases (Forman et al. 2008). It
is reported that since 2010 to 2011, there was
an increasing in poultry diseases in Indonesia,
such as Newcastle Disease (ND), Chronic Respi-
ratory Disease (CRD), Infectious Bronchitis (IB),
Infectious Bursal Disease (IBD), Infectious Laryn-
gotraechitis (ILT), Avian Influenza (Al). While in
ruminant animals, increasing disease outbreak
occurred for Pasteurellosis, Anthrax, Black Leg
and West Nile (Bahri and Syafriati 2011).

Climate change affects distributions and
host-parasite relationships and its assemblag-
es to new areas. Climate factors also influence
habitat suitability, distribution, and abundance;
intensity and temporal pattern of vector activ-
ity. Pathogens and parasites that are sensitive
to moist or dry conditions may be affected by
changes to precipitation and soil moisture. High-
er temperatures resulting from climate change
may increase the rate of development of certain
pathogens or parasites that have one or more
life cycle stages outside their animal host. This
may shorten generation times and, possibly, in-
crease the total number of generations per year,
leading to higher parasite population.
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Zoonoses natural ecosystems and allows dis-
ease-causing pathogens to move into new areas
where they may harm wildlife and domestic spe-
cies, as well as humans. Climate change affects
diseases and pest distributions, range preva-
lence, incidence and seasonality but the degree
of change remains highly uncertain. The occur-
rence and distribution of vector borne diseases
in Indonesia are closely associated with weath-
er patterns and long-term climatic factors, and
strongly influence the incidence of outbreaks.

Emissions from livestock

Emission factors

The GHG emission from Livestock in Indo-
nesia is contributed from GHG generated from
enteric fermentation (CH,) and manure manage-
ment (CH, and N,0). Estimated GHG emission
from livestock was generated by using Tier-2
approach both using local emission factor (en-
teric fermentation) (Agus et al. 2019) and default
emission factor published in IPCC (2006) for ma-
nure management.

Livestock emission prediction

The GHG emissions calculated from livestock
are come from beef and dairy cattle, goat, sheep,
chicken, swine and horse. National statistic is
used as the main data sources for livestock pop-
ulation. A series of calculation for GHG emission
from livestock has been conducted. The calcula-
tion was started from year 2006 up to 2021 ac-
cording to population data available in national
statistics. Based on the population growth rate
value reported on national statistics, the increas-
ing in population can be predicted up to year
2030. Thus, the GHG emission from livestock
can also be predicted up to year 2030. The cal-
culation was based on the source of emission,
namely CH, from enteric fermentation and ma-
nure management; and also, N,O from direct
and indirect of manure management. Figure 8.3
presents contribution of each GHG emission of
four different sources. The figure indicates that
the livestock GHG trend is increasing year by
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year following an increase in the livestock pop-
ulation.

In year 2021, it was reported that among
the four gases, CH, from enteric is the highest
contributor (Figure 8.4) (Widiawati et al. 2021).
Therefore, the CH, from enteric fermentation
become the key contributors of GHG emission
from livestock.

The contribution of GHG emission from each
type of livestock in 2021 is presented in Figure
8.5. Based on the type of livestock, the highest
GHG emission was come from beef cattle (63%
of total emission from livestock), Then followed

R el

by buffalo and sheep; goat and chicken; and
dairy cattle; horse; and swine.

Since beef cattle is the most contributor for
GHG emission and CH, enteric fermentation is
the key GHG category, therefore enteric fermen-
tation from beef cattle become key category for
GHG emission from livestock in Indonesia.

Adaptation strategies & mitigation co-benefits

In dealing with and anticipating climate
change, mitigation and adaptation activities in
livestock cannot be separated. Many mitigation
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activities have been in synergy with adaptation,
and vice versa. National policies for GHG emis-
sion have been regulated since 2011 with the
issuance of the Presidential Decree No. 61 about
National Action Plan on Greenhouse Gas Emis-
sion stipulating the country’s commitment in
handling the climate change problems. Activ-
ities on GHG emission reduction from livestock
sub-sector are part of the agriculture sector ac-
tion plan stated on the Guidelines on Implemen-
tation of Greenhouse Gas Reduction Action Plan
(Pedoman Pelaksanaan Rencana Aksi Penurunan
Emisi Gas Rumah Kaca) (NDPA 2011).

Current activity for adaptation & mitigation
co-benefits

Some mitigation technologies and adapta-
tion approaches have been applied through
feeding strategies and livestock management
improvement. The aim of these program was to
increase the quality of feed, as well as to provide
better sources of feed for ruminant animals. The
program consisted of many activities including
using concentrate; feeding with leguminous
shrubs such as Gliricidia sepium (Figure 8.6 and
Figure 8.7), Calliandra callothyrus, Leucaena leu-
cocephala, and Indigofera zollingeriana; improv-
ing forage quality on pastures (Figure 8.8); and
feed processing (Figure 8.9 and Figure 8.10).
Improving the quality of feed consumed by live-

stock ruminants can reduce the production of
methane from enteric fermentation.

Improvement of feed quality can be done
through supplementation techniques by pro-
viding forage in the form of legume leaves and
concentrate as a feed supplement for basal feed.
Leguminous and cassava leaves can be used as
supplements, while the concentrate ingredients
are rice bran, cassava tuber, pollard, palm kernel
cake, corn. These supplementation techniques
reduced enteric methane emissions by approx-
imately 8-20% (Widiawati and Thalib 2006).
Improvement of feed quality has been imple-
mented as a national program. The calculation
on emission reduction of the program imple-
mentation has been conducted in five sub-dis-
tricts at Subang regency, West Java by involving
about 1,785 heads of a total of 2,336 head cattle.
The results showed that when the supplementa-
tion techniques were applied on 59.07% of total
beef cattle population in the regency, there was
a reduction on enteric methane emissions from
beef cattle by 0.0545 tons CO,-e year" (Nurha-
yati and Widiawati 2019). If it is assumed that
about 59.07% (10 million head) of national beef
population (17 million head) applied the supple-
mentation strategy, there will a reduction on en-
teric methane emission for about 305.6 tonnes
CO,-eyear".

105




Animal Husbandry

Figure 8.6. Shrub legume Gliricidia sepium fed to Onggole crossbred beef cattle as feed supple-
ment to native grass basal diet. These supplementations increased nutrient content of low quality
of basal diet

Vs

Figure 8.7. Shrub legumes Gliricidia sepium used as a living fence in a pasture, as well as used
as source of high protein diets supplemented to low quality basal diet
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Figure 8.8. improving natural pasture (left) by high quality grass and legume (right) in Lar Badi, Sumbawa,
West Nusa Tenggara

Figure 8.9. The process of making maize straw silage mixed with rice bran. Maize straw is chopped
then mixed with rice bran. The mixture then is stored in plastic bags and subjected to anaerobic
conditions for at least 21 days before used. The process increases the nutrient content as well as
preserve the forage quality to be kept in a longer time

Figure 8.10. Low quality rice straw is processing by adding
urea called by “ammonization” to increase nitrogen content
of rice straw as well as to increase its digestibility. Ammoni-
zation can be applied to low quality and high fibre content of
feedstuff
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Since the livestock population increase year
by year, the GHG emission will also increase.
Based on the GHG inventory calculation by Indo-
nesian Center for Animal Research and Develop-
ment (ICARD), the GHG emission from livestock
was predicted to increase by 9.67% per year or
become 59,100 tonnes CO,-e year' in 2030, if
without mitigation action. The GHG from beef
cattle is projected to increase from 18,900 ton
CO,-e year' in 2020 to become 36,960 tonnes
CO,-e year' in 2030 (Widiawati et al. 2021). Thus,
application of mitigation strategies is predicted
to reduce the livestock GHG up to 15%.

Future strategies for adaptation &
mitigation

In addition to feed improvement as gov-
ernment’s national programs, there are several
mitigation and adaptation activities that have
been widely applied by farmers communities.
However, these activities have not been record-
ed as national mitigation and adaptation actions
from livestock sub-sector. Therefore in the future
some promoting and potential activities related
to mitigation and adaptation are:

1. Feeding management: other activities re-
garding feeding management are balanced
diets and feed additives for rumen manipu-
lation system (Wina et al. 2018; Krisnawan et
al. 2015; Widiawati and Hikmawan 2021).

2. Integration between livestock and crops, in-
cluding between palm oil plantation with
beef cattle (Figure 8.11); paddy rice or maize
with beef or dairy cattle; goat and sheep
integrated with cocoa or coffee plantation
(Bambang and Widjaja 2012; Mathius et al.
2017).

3. Creating new new breed of livestock and
development of animal’s breed which are
adapted to the impact of climate chang-
es, such as low methane production, heat
stress, disease and low quality feed. Sever-
al studies were created new well adapted
breeds and tolerant to diseases. Indone-
sian Agency for Agricultural Research and
Development (IAARD) has released several
new breeds that well-adapted to hot humid
climates. Some of them are Pogasi Agrinak
beef cattle (Figure 8.12), Boerka Galaksi Agri-
nak goat (Figure 8.13), Compass Agrinak
sheep, Bahtera Agrinak sheep, IAARD’s supe-
rior native chickens (KUB), etc. (Yulistiani et
al. 2021; Balai Penelitian Ternak 2014; 2017,
Loka Penelitian Kambing Potong 2020). The
development of new breeds for the rural
farmers is very important to support the
food system of the country.

Many of those activities have been carried
out at the level of smallholder farms and private

Figure 8.11. National program on Palm oil-cattle integration system become one of many strategies
for livestock industry in facing problem on lack of forage availability due to climate change
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Figure 8.12. Pogasi Agrinak is a new beef cattle breed released by IAARD that has good adaptability on low
quality diet and heat stress

Figure 8.13. Boerka Agrinak goat (left) and Compass Agrinak sheep (right) are new breeds released by
IAARD. They have good adaptability on low quality diet and high resistance to disease, heat stress, as
well as better carcass percentage
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companies, but have not been considered yet as
a national mitigation and adaptation program.
Therefore, the national program for mitigation
and adaptation needs to be improved with the
above activities. Socialization and training, as
well as continuous supervising, need to be car-
ried out through local governments and exten-
sion workers. Support from local and central
governments can be done through the estab-
lishment of policies for the implementation of
these activities.

The success of implementing GHG mitigation
programs and adaptation to climate change on
the national basis is highly dependent on aware-
ness of livestock business actors. In fact, in the
field, many livestock business actors do not un-
derstand the importance of mitigation and ad-
aptation activities in relation to the sustainabil-
ity of their business. Therefore, an improvement
of farmer’s knowledge and willingness to adopt
strategies on mitigation of GHG and adaptation
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Land Use and Land Use Change
Strategies

Sukarman, Markus Anda, Erna Suryani
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Many tropical countries are experiencing massive land-use change with profound
environmental and socioeconomic implications (Chrisendo et al. 2020). Land use change
development in Indonesia during the last three or four decades has brought major changes,
not only to the socio-economic life of the community, but also to changes in land use.
Conversion of forest land into other land uses is a long-standing phenomenon and has a
direct impact on reduced diversity, air pollution, and global warming (Sandin 2009; Hu et al.
2008). So that the change in land use does not have a bad impact, it is necessary to approach
it through the Concept of Environmentally Friendly Development. Based on Law Number 23
of 1997 concerning Environmental Management, that environmentally sound development
is a conscious and planned effort in order to use and manage resources wisely in sustainable
development to improve the quality of life. Various regulations need to be drawn up to address
the problem of environmental change due to this land cover change. Presidential Regulation
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No. 61 of 2011, concerning the National Action Plan for Reducing Greenhouse Gas Emissions
is one of the efforts to overcome this problem. This effort has been followed up by compiling a
technical guidebook that describes the scientific basis for calculating greenhouse gas emissions
in the business as usual (BAU) scenario and several emission reduction scenarios.

One of the consequences of land cover changes can cause green house gas emissions.
The emission factor for land cover change is the difference in the amount of carbon stock
when land with one cover class changes to another cover. To obtain these emission factors, it
is necessary to have reference data (default) for carbon stocks from all types of land cover. For
each type of land cover, a representative reference figure is built from the results of research or
national inventories in various locations which are then averaged. Depending on the availability
of data, for land cover at the national level the reference carbon stock data comes from various
locations representing dry and wet climates and from fertile and infertile lands. Accordingly, if
datais available for the provincial level, representative data is used from various locations within

the province (Agus et al. 2013).

Land suitability

Indonesia has a land area of 191.09 million
ha, consisting of 511 regencies/cities (BPS 2013),
has a variety of land resource characteristics
due to the diversity of climate, topography, par-
ent material/lithology, and other environmen-
tal bio-physical conditions. Therefore, for the
development of agricultural commodities, an
instrument that can be scientifically justified is
needed. One of the instruments used is the land
suitability approach, which is an assessment
that provides information on potential and or
land use as well as production expectations that
may be obtained as well as environmentally
friendly land uses (Sukarman et al. 2018). Land
suitability is the suitability of a plot of land for
a particular use (Ritung et al. 2011). Specifically,
land suitability is the suitability of the physical
characteristics of the environment, namely cli-
mate, soil, topography, hydrology and or drain-
age for farming or certain commodities that are
productive, environmentally friendly and take
into account the impacts of climate change.
Some of the new agricultural lands in Indonesia
have applied the results of their land suitability
assessment, but there are still many lands that
have been used for a long time that have not
used the principle of land suitability, especially
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in mountainous areas with steep slopes.

Land suitability evaluation in Indonesia is
currently evolving from land evaluation based
on the framework of FAO (1976). Furthermore,
this method was developed by the Center for
Soil Research / Indonesian Center for of Agri-
cultural Land Resources Research and Develop-
ment adapted to the characteristics of the land
and the growing requirements of various com-
modities in Indonesia to select the types of com-
modities that can be developed in an area. The
commodity groups in question include wet land
food crops (paddy rice), dry land food crops,
lowland horticultural crops, highland horticul-
tural crops, lowland plantation crops, highland
plantation crops, and forestry plants. In the last
land suitability assessment mentioned above,
the inhibiting factors due to climate change
have been considered. Thus, in the recommen-
dations for land use, efforts to adapt to climate
change can be made.

The land evaluation system that has devel-
oped so far uses various approaches, including
the parameter multiplication system, addition
and matching system or matching between
land quality/characteristics with plant growth
requirements (Ritung et al. 2011). Several land
evaluation systems that have been used and
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Figure 9.1. Examples of land use change from forest to agricultural land

Figure 9.2, Agricultural land that applies soil and water conservation principles and agricultural land that
does not apply soil and water conservation principles

have been developed in Indonesia include: Data source
According to Ritung and Sukarman (2014) in . . .
] g 9 ( ) ) Semi detailed soil map

land suitability assessment there are three main

factors that must be considered, namely: crop In determining the suitability of land for ag-
requirements’ management requirements and ricultural CommOditieS, it is necessary to have
conservation requirements. The three main fac- basic data containing data on land/soil charac-
tors are reflected in the quality and characteris- teristics. The basic data are in the form of digital
tics of the land. data and tabular data of land/soil resources re-

sulting from land mapping. The most recent and
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Figure 9.3. Soil observation in wet and dry land

large-scale data is the result of semi-detailed
soil mapping (scale 1: 50,000). The semi-detailed
soil maps are presented in the form of Atlas of
Semi-Detailed Soil Maps at a scale of 1:50,000
per district/city throughout Indonesia (Figure
9.3) and in the form of a data base (big data).
Currently the Map Atlas is available in 511 dis-
tricts/cities throughout Indonesia. This map was
created and correlated from 2016 to 2019, based
on the existing data base at BBSDLP and addi-
tional observations were made.

This land resource data is used to assess land
suitability classes and sub-classes as well as rec-
ommendations for their use. Thus, the character-
istics of the soil and its environment are used as
the basis for determining the recommendations
for land use, so that when there is a change in
land use, it will not cause environmental dam-
age, nor the possibility of carbon emissions due
to changes in land use.

Peatland map of Indonesia

Peatlands are part of swamp land, name-
ly land that occupies a transitional position
between land and water systems. This land
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throughout the year or for long periods of
the year is always waterlogged or inundated
(BBSDLP 2019). According to Government Regu-
lation No. 27 of 1991, swamp land is land that is
naturally inundated with water that occurs con-
tinuously or seasonally due to obstructed natu-
ral drainage and has special physical, chemical
and biological characteristics. Swamp land is di-
vided into: (a) tidal swamp/coastal swamp, and
(b) non-tidal swamp/inland swamp (Minister of
Public Works Decree No. 64/PRT/1993).

Based on the Soil Taxonomy system (USDA,
2014), peat soils are called Histosols (histos =
tissue), while in the National Soil Classification
system (Dudal and Soepraptohardjo 1961) peat
soils are called Organosols (soil composed of or-
ganic matter). In the National Soil Classification
(Subardja et al. 2016), peat soil or Organosol is
soil that has an H horizon > 50 cm thick (if the
organic matter consists of spaghnum or moss >
60 cm or has a bulk density of < 0.1 grcm?) from
the soil surface, or cumulatively 50 cm within 80
cm of the top layer; The thickness of the H hori-
zon may decrease if there are rock layers or rock
fragments filled with organic matter in between.



The Indonesian Center for of Agricultural
Land Resources Research and Development
(ICALRRD) as the guardian of peatland maps
has carried out mapping of peatlands at a scale
of 1:50,000 based on districts/cities since 2013.
Until 2019, mapping of peatlands at a scale of
1:50,000 has been carried out in 130 districts /
cities identified as having peat, covering the is-
lands of Sumatra, Kalimantan, Sulawesi and Pap-
ua.

The peatland map that has been produced
has been used as a reference in determining the
use of the land, so that any change in peatland
cover must pay attention to the characteristics
of the land. It is hoped that by referring to the
characteristics of the peat, if there is a change in
land use it will not cause environmental prob-
lems, especially the emission of greenhouse gas-
es from peat.

Peatlands in Indonesia are used as forests,
shrubs, plantations (oil palm, coconut, rubber),
and food agriculture. Shrubs on peatlands are
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unproductive land, in addition to increasing
greenhouse gas emissions, it will also increase
the risk of land fires, reduce biodiversity and re-
duce watershed stability. The economic and so-
cial benefits of bushland are very low, even neg-
ative because of the high threat of fire hazard.

Based on the results of spatial calculations
from updating the peat map using data from
the latest research results, the total area of peat
land on a 1:50,000 scale map in 4 main islands,
namely Sumatra, Kalimantan, Sulawesi and Pap-
ua is 13,430,517 ha, consisting of Sumatra Island
covering an area of 5,850,561 ha, Kalimantan
with an area of 4,543,362 ha, Sulawesi with an
area of 24,783 ha and Papua covering an area
of 3,011,811 ha (Table 1). The results of this peat
mapping have been published in the Q1 glob-
al indexed International Journal, Geoderma in
2021 (Anda et al. 2021).

PETA LAHAN GAMBUT INDONESIA SKALA 1:50.000

EDISI DESEMBER 2019

Figure 9.4. Peatland Map of Indonesia Scale 1: 50.000
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Figure 9.5, Profile of peat soil and oil palm plantations on peat soils

Land suitability map

The 1:50,000 scale land suitability map is gen-
erated from the 1:50,000 scale soil map through
land evaluation activities. Land evaluation is
done by matching (matching) between land
quality/characteristics (Land quality/character-
istics) with land use requirements. The result of
this activity is information on the level of land
suitability for a particular use as indicated by the
land suitability class and limiting factors, as well
as its area and distribution in an area. Further-
more, based on the limiting factors found, rec-
ommendations for land management are drawn
up to increase the productivity of strategic agri-
cultural commodities.

With the results of this land suitability assess-
ment, it is hoped that every new land clearing
for agricultural commodities follows the recom-
mendations for land use based on the results
of the land suitability assessment. By following
these recommendations, it is hoped that chang-
es in land use will not result in excessive carbon
emissions. Even for lands that were originally in
the form of shrubs which were converted into
agricultural land (annual plants) which have
high CO, absorption capabilities, so as to reduce
carbon emissions from the land.
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The 1:50,000 scale land suitability map con-
tains information with a fairly high accuracy,
so it can be used to support agricultural devel-
opment planning at the district/city level. Until
2019, an Atlas of land suitability maps and di-
rections for agricultural commodities was pro-
duced, as well as recommendations for land
management in 511 regencies/cities through-
out Indonesia. An example of an Atlas of Land
Suitability Maps and Commodity Directions in
two districts of DI Yogyakarta Province is pre-
sented in Figure 9.6.

Land suitability maps at a scale of 1: 50,000
should be used as a guide when taking land use
changes, for example when opening new agri-
cultural land. With the guidelines, the impact of
changes in land use will have very little effect on
environmental changes related to the possibility
of greenhouse gas emissions. Based on the re-
ality in the field, it is not always in accordance
with the recommendations for land use, so it is
very possible that any change in this use will af-
fect changes in plant biomass that cause green-
house gas emissions.
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Table 9.1. Peatland area and distribution by depth in each province in Sumatra, Kalimantan, Sulawesi and

Papua
Peat depth Area
Island
D1 D2 D3 D4 D5 D6 ha %

Sumatera 660,011 | 1,352,069 | 1,016,955 1,494,099 78259 | 544,838 | 5,850,561 43.56
Kalimantan 672,525 | 1,332,268 | 1,199,923 | 789,175| 507,398 42,072 | 4,543,362 33.83
Sulawesi 2,606 11,885 8,506 1,687 99 - 24,783 0.18
Papua 1,831,405 740,69 395,74 39,312 4,664 -1 3,011,811 22.43
Total 3,166,546 | 3,436,912 | 2,621,124 | 2,324,274 | 1,294,751 | 586,911 | 13,430,517 | 100.00

D1 = shallow peat (50 - <100 cm), D2 = medium peat (100 - <200 cm), D3 = deep peat (200 - <300 cm), D4
= very deep peat (300 - < 500 cm), D5 = very-very deep peat (500 - < 700 cm), D6 = extrem deep peat (>

700 cm).
Source : BBSDLP (2019)

ATLAS PETA KESESUAIAN LAHAN
DAN ARAHAN KOMODITAS PERTANIAN
KABUPATEN SLEMAN

Figure 9.6. Atlas of Land Suitability Map and Commodity Direction in Sleman scale 1: 50,000 and Land Suit-

ability Map for Rice field in Subang, West Java Provinsi

Land use change

Many tropical countries, including Indone-
sia, have experienced massive land use changes
which have implications for environmental and
socio-economic changes for the wider commu-
nity. The increase in population has actually had
the effect of increasing pressure on land and
water resources which has shown a number of
serious negative impacts such as uncontrolled
land use changes in the form of forest encroach-
ment and illegal logging to the upstream areas,
loss of forest land cover into other types of land
use which are proven to have more limited en-

vironmental carrying capacity, so that floods
and droughts are becoming more frequent,
accompanied by associated disasters, such as
landslides, loss of life, displacement of the pop-
ulation, health problemes, to starvation, and chil-
dren dropping out of school.

In this regard, the Ministry of Environment
and Forestry (2021) has carried out periodic cal-
culations of Indonesia’s deforestation rate, using
information since 1990. The development of In-
donesia’s deforestation (Million ha) from 1990 to
2020 is presented in Figure 7. From the figure, it
can be seen that the highest deforestation oc-
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Figure 9.7. Diagram of Indonesia’s deforestation progress (Million ha) 1990-2020 (KLHK 2021)
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Figure 9.8. Percentage of forested land to Indonesia’s land area (KLHK 2021)

curred in the 1996-2000 period, then decreased
and in the 2019-2020 period, only 0.12 million
hectares of deforestation occurred. Deforesta-
tion generally occurs in forest areas compared
to non-forest areas.

In line with the deforestation rate that occurs,
the results of Indonesia’s Land Cover Recalcula-
tion from year to year also show a decrease in
the percentage of forested land to Indonesia’s
land area. The complete data is presented in Fig-
ure 8.

Overall, the conclusions from the calculation
of forest cover in Indonesia until 2020 are as fol-
lows:

1. The total land area of Indonesia is 187.8 mil-
lion ha consisting of 95.6 million ha (50.9%)
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of forested land and 92.2 million ha (49.1%)
of non-forested land.

2. The land forest area is 120.3 million ha con-
sisting of 88.4 million ha (73.5%) of forested
land and 31.9 million ha (26.5%) of non-for-
ested land.

3. The area for other uses is 67.5 million ha con-
sisting of 7.2 million ha (10.6%) of forested
land and 60.3 million ha (89.4%) of non-for-
ested land.

According to the Ministry of Environment
and Forestry (2021) the decline in forest area
and land damage has caused negative impacts
on people’s lives, including floods, landslides,
erosion and sedimentation, to the loss of biodi-
versity and decreased state income from wood
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Figure 9.9. Land that has changed land use in mountainous and plains area

products. Various factors can influence land
cover change in Indonesia. However, in general,
activities that cause a reduction in forest area in
Indonesia include the conversion of forest ar-
eas for development purposes in other sectors,
namely for plantations, agriculture, settlements/
transmigration; illegal timber trading (illegal
trading), or illegal logging (illegal logging); for-
est utilization activities and forest area uses that
do not apply the principle of sustainability, legal
changes to the designation of forest areas and
non-forest areas (Other Use Areas/APL), land en-
croachment and occupation, forest fires, natural
disasters and others.

From the data in Figure 9.2, it can be seen
that from 2011 to 2020 there was a decline in
forested land to Indonesia’s land area, from
52.6% to 50.9% of Indonesia’s land area in 2020.
One of these changes has a bad impact on in-
creasing greenhouse gas emissions. One that
is often blamed is the development of oil palm
plantations. Between 2005 and 2015, the area of
oil palm in Indonesia more than doubled from
about 5 million ha to more than 11 million ha
(Indonesian Ministry of Agriculture 2016). The
rapid expansion of oil palm has been criticized
for environmental reasons, as it is linked to de-
forestation, loss of biodiversity, greenhouse gas
emissions, and other environmental problems
(Susanti and Maryudi 2016).

According to Chrisendo (2020), in Indonesia,
oil palm is not only cultivated in the plantations

of large companies; around 40% of palm oil is
produced by smallholder farmers. These farmers
benefit economically because oil palm is more
profitable than food crop production and less
labor than traditional cash crops such as rub-
ber. Beyond profits and income, the effects of
oil palm cultivation on other social dimensions
of household well-being - such as nutrition -
have hardly been analyzed until now. Qil palm
has the potential to threaten food security if it
is replaced by local food crop cultivation and
thus reduces local food availability. On the oth-
er hand, palm oil can also improve food securi-
ty and nutrition through increased income and
thus better economic access to nutritious food.

The results of the study of the collaboration
between the Indonesian Qil Palm Farmers As-
sociation and the Faculty of Forestry and Envi-
ronment, Bogor University (2022), obtained the
following results:

1. With an area of no less than 16.8 million ha
(56% are privately owned and BUMN, 44%
are smallholder oil palm plantations), oil
palm plantations have provided various
positive impacts including generating state
foreign exchange reaching Rp 200 trillion
year' to overcome the problem of poverty in
rural areas, to create jobs so that it absorbs a
workforce of around 21.49 million people, as
well as various other positive effects. Even in
2017-2018, it managed to make a real con-
tribution as the largest foreign exchange
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contributor with a value of 22.97 billion US
dollars (GAPKI 2018).

2. Oil palm plantations do not dry out well wa-
ter, rivers and because the absorption of wa-
ter from the soil by oil palm plants is not pos-
sible to exceed the depth of the soil solumin
the root zone.

3. Qil palm plantations can be a habitat for var-
ious wildlife taxa (mammals, birds, amphib-
ians and reptiles). Changes in cover in the
form of secondary forest to oil palm planta-
tions generally reduce the diversity of mam-
mal species, while for other taxa there is an
increase. Changes in non-forest cover to oil
palm plantations tend to increase the spe-
cies diversity of almost all taxa.

4. Oil palm plants have the ability to absorb
high CO, and are the most efficient in the uti-
lization of solar radiation compared to other
forestry commodity crops.

5. Based on the results of studies/analyses on
various aspects: origin history, bio-ecology,
land suitability and hydrology, biodiversity
conservation, micro-climate/GHG absorp-
tion and emissions, financial economic per-
formance and its impact on social and cul-
ture and society

One of the things that happens in land cover
changes in Indonesia is the conversion of agri-
cultural land into non-agricultural land. One ex-
ample is the conversion of rice fields to non-agri-
cultural land. The results of research by Mulyani
et al. (2016) estimate the national rice field con-
version rate of 96,512 ha year. If you focus spe-
cifically on this problem, then the change from
paddy fields to non-agricultural land will even
reduce emissions. Intensive rice cultivation in
paddy fields with Green Revolution technology
is accused of being less environmentally friend-
ly due to the use of high doses of fertilizers and
excessive use of pesticides. In addition, low-
land rice cultivation is seen as a source of GHG
emissions, especially methane (CH,), which has
the potential to cause global warming. Howev-
er, changes in land use from agricultural (non
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rice fields) to non-agricultural land such as set-
tlements, roads, will cause carbon emissions,
because changes in plant biomass will cause
greenhouse gas emissions.

Closing

The need for land for agriculture, settlement,
industry, and other uses has forced land that was
previously forest to be converted to non-forest.
Greenhouse gas emissions from land use chang-
es occur when the area of forest and land cov-
er does not change during the analysis period.
Plant biomass (living plant tissue above the soil
surface and plant roots) is one of the most im-
portant carbon (C) pools. In addition to biomass,
carbon is also stored in dead plant tissue called
necromass and in the soil as soil organic carbon.

The development of Indonesia’s deforesta-
tion from 1990 to 2020 shows that the highest
deforestation occurred in the 1996-2000 period,
then decreased and in the 2019-2020 period,
only 0.12 million ha of deforestation occurred.
Deforestation generally occurs in forest areas
compared to non-forest areas.

To prevent changes in land use from having
a negative effect on the environment, these
changes must be guided by the recommenda-
tions for the land suitability class. Soil resource
data and environmental data are very helpful in
assessing land suitability for new land uses.

Oil palm plantations are one of the fastest
growing plantations in Indonesia. Most of the
new oil palm land comes from abandoned landin
the form of shrubs, both on dry land and swamp
land. Compared to shrubs, oil palm plants have a
high CO, absorption capability and are the most
efficient in the utilization of solar radiation. QOil
palm plantations can be a habitat for various
wildlife taxa (mammals, birds, amphibians and
reptiles). Around 40% of oil palm plantations in
Indonesia are owned by smallholder farmers.
These farmers benefit economically because oil
palm is more profitable than being used for food
crops and less labor than traditional cash crops
such as rubber.
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Accelerating Climate Change Adaptation
and Mitigation Implementations in
Indonesia’s Agricultural Sector

Sumaryanto, Bambang Sayaka, Ashari, Rangga Ditya Yofa, Ahmad Makky Ar-Rozi

Indonesian Center for Agricultural Socio Economic and Policy Studies

There are direct and indirect impacts of climate change on agriculture, i.e., biophysical
and socio-economic ones (IPCC 2001). Biophysical impacts consist of: (i) physiological effects
on crops and livestock/fish, (ii) changes in land and water resources, (iii) increased crop pests
and diseases, and (iv) increased salinity and sea level, etc. Social-economic impacts are: (i) lower
levels of people’s and farmers’ health, (ii) decreased yield and production, (iii) unstable food
commodity price, (iii) increased food insecurity.

Climate change due to global warming is a long-term process of human behavior
(anthropogenic). However, it is likely irreversible within a human life period. In the measurable
period, technical and socio-economic measures is strengthening adaptation and mitigation
capabilities on climate change carried out synergistically (IPCC 2001; 2007).
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There is interrelations of synergies and trade-offs between climate change and
sustainable development (Beg et al. 2002, Karimi et al. 2021). Therefore, one of the determinants
of sustainable development embeds in global climate change adaptation and mitigation
actions. Based on the theoretical views and the lessons learned from empirical phenomena,
many complementary points of adaptation and mitigation actions need to be developed
interactively (Klein et al. 2007).

The biggest contributing factor to global warming resulted in climate change is carbon
emission produced by fossil fuel uses since the industrial revolution era. Timely efforts to
encourage clean and renewable energy and carry out energy conservation measures will lessen
the expense of achieving further emissions reductions in the long term. Slowing down the
actions would lead to infrastructure developments that lock in emissions-intensive channels
that may be expensive or impossible to change in time to limit warming (Wijaya et al. 2017).

There are two regional parts spatially very strategic. First, mountains areas essentially
play important role in mitigation actions related with deforestation phenomenon. Second,
coastal areas are affected by sea level rise and the coastal land areas shrink. On the other hand,
resources sustainability in which most population’s livelihood in the coastal areas depend on
is affected by mangrove condition. Moreover, mangroves are also essential to climate change
mitigation and adaptation (Murdiyarso and Kauffman 2011)

In adapting and mitigating climate change, the role of the agricultural sector is very
strategic. In line with population growth, it is necessary to increase food production for
feeding the world. However, agriculture is inherently sensitive to climate conditions and the
most vulnerable sector affected by global climate change [Parry and Carter 1989, Reilly 1995,
Parker et al. 2019). Therefore, climate change will negatively affect crop production in major
part of the world (Abbasi et al. 2020; Praveen and Sharma 2019). In Southeast Asia, while
cereal production could increase, rainfed crop production will decline (Chambwera 2011). In
the region, the yields of the most important crops required for food security are depressed by
climate change. In addition, changing climate have adverse effects not only on food production
but also food distribution, infrastructure, land availability for agriculture, and livelihood assets
and opportunities. At the same time, agriculture also makes a significant contribution (14%) to
greenhouse gas emissions (FAO 2009).

In developing countries, including Indonesia, agriculture is important not only for
providing food but it is also a primary source of livelihoods, especially in rural areas. With the
main elements of food security, i.e., food availability, accessibility, utilization, and food system
stability, adaptation should also target production and non-production aspects of agriculture.
In other words, adapting food systems to improve food security for the poor and to avoid future
negative impacts of climate change require attention to more than just agricultural production.
Food security can only be confirmed and augmented through a range of interventions across
different agricultural systems and along the associated value chains, from production to
distribution and allocation.

Indonesia’s long-term strategy on low carbon and climate resilience (LTS-LCCR) consist
of three scenarios. Three scenarios were exercised during the development of Indonesia’s LTS-
LCCR to provide understanding in a transparent manner on the impacts of each alternative
related with emission reduction and economic impacts, prerequisites both domestically and
internationally for successful implementation of the determined scenario. The three defined
pathway scenarios are as follow: (i) enhanced unconditional commitment of NDC/current policy
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scenario (named as CPOS), (ii) transition scenario (hamed as TRNS), and (iii) low carbon scenario
compatible with the Paris Agreement target (named as LCCP) (Government of Indonesia 2021).

Historically, autonomous adaptation has been carried out by farmers since centuries ago
inaccordance with their science and technology. Climate pattern knowledge has been developed
indigenously long time ago. However, in the climate change era the rainfall pattern is irregular
and unpredictable. Extreme climates take place more frequently. It implies that autonomous
adaptation is not sufficient to deal with the farmers'issues. It is not about unavoidable decreased
yield and lower harvest quality, but harvest failure probability is bigger.

Adaptation is an equally important objective as mitigation in a world that cannot
evade climate change anymore because of already clear evidence of climate change affecting
agriculture. A complete response of agriculture to climate change should therefore pursue both
agricultural mitigation and adaptation. In order to plan for adaptation effectively, policy makers
need reliable information on the nature of both adaptation and mitigation, its costs and how
these are related to ongoing efforts to develop the agriculture sector and food systems. For this
reason, it is essential to scale up adaptation and mitigation in a synergistic manner.

Adaptation and mitigation principles have been explained extensively by the
IPCC experts. To implement them at farm level, however, it needs comprehensive farmers’
characteristics and their environment understanding. In general, adaptation and mitigation
capacities of smallholders are lower than those of large-scale farmers.

Effectiveness of adaptation and mitigation is not determined by the applied technology,
but the key factor is the stakeholders’ participation. Using middle technology with very high
participation rate of stakeholders will have higher effects than that of high-level technology
with low participation. Thus, systematic and consistent collective actions are urgent. Climate
change adaptation and mitigation are long journeys impossible to implement sporadically or
even in one-shot action.

This paper aims at discussing the strategic loops useful for accelerating climate
change adaptation and mitigation actions at farm level. Based on empirical field conditions,
the substances are focused on adaption aspects. The first part of the paper describes general
Indonesian farmers’ characteristics, farmers’ food insecurity due to climate change, and some
adaptation and mitigation cases applied. The next part depicts general principles of cost and
benefit of adaptation and mitigation. Third part deals with enabling climate change actions. The
last part is the concluding remark.

Indonesian Farmers & Current Climate Actions Around 64% of farmers are 45 years old or
more. Out of 64%, as many as 22% is between

55-64 years old and 13% is 65 years old or more.
However, the farmers below 35 years old are
less than 12%. Low percentage of young farm-
ers affect information technology adoption rate.
Farmers using internet for their farm business
are around 13% only.

Based on the official data (BPS 2018), total
number of Indonesian farm households is more
than 27.6 million. The number of farm house-
holds by sector is depicted in Fig. 10.1. Classi-
fied by spatial distribution, more than 50% of
the farm households are found in Java Island.

The second and third ranks are Sumatera Island
(25%) and Sulawesi Island (8.6%). Most of the farm households are smallholders
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Figure 10.1. Number of farm household by sector in Indonesia BPS (2018)

with less than 0.5 ha of land holding. In aggre-
gate, the smallholders are 59%. Only 25% of the
farm households have 1 ha or more of farmland.
In Java Island where half of the farm household
live, the smallholders are around 80% and only
7% of the farm households have 1 hectare or
more of farm land.

To maximize income and to minimize risks,
some of the farm households diversify pro-
duction through growing some commodities
outside the main crops. Diversification reasons
are: (i) improving farm households’ income, (ii)
minimizing farm business risk, and (iii) combina-
tion of (i) and (ii). In addition, income from small
farm land holding is not sufficient to meet the
farm households’ expenditure. Some farmers
also work at non-farm activities for additional
income. Percentage of farm households focus-
ing on one subsector only (e.g., on rice farm
only, estate crop only, or animal farming only),
is 37% and those participate in two, three, and
four subsectors are each of 31, 18, and 9.6%
(BPS 2018). Agricultural sector’s role as the main
source of income is indicated by the percentage
of farm households depending their main in-
come on agriculture sector. Around 64% of the
farm households relay their main income on ag-
riculture, while the remaining 36% depend their
income on non-agriculture. In Java Island, only
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58% of the farm households rely on agriculture
for their income.

Related with low farmland holding of the In-
donesian farm households, most farmers in the
country deal with food insecurity due to climate
change. About 36.5% of farm households cope
with food security with the probability of food
insecurity of 0.79 (Sumaryanto et al. 2018).

At national level, the farm households’ adap-
tation capacity to climate change is well known
and it is estimated most of them are classified
into relatively low to medium. A study conduct-
ed by Sumaryanto (2013) in four regencies, i.e.,
Central Lampung, Cilacap, Blora, and Sumbawa,
revealed rice farmers’ adaptation to environ-
ment stress were high (13.9%), medium (69.6%),
and low (16.5%). Another study also showed
that rice farmers’ adaption capacity in Pasuru-
an Regency (East Java) was also relatively low
(Salampessy et al. 2018).

The empirical studies (Boer et al. 2009, Seja-
ti 2011, Sumaryanto et al. 2012) concluded that
critical loops in enhancing rice farmers’ adap-
tation capacity depended on the following as-
pects:

1. Improving supply and reliability of irrigation
water.

2. Cropping pattern arrangement.



3. Upgrading farmers’ access to accurate infor-
mation on climate forecast.

4. Enhancing farm road quality.

5. Increasing knowledge and skill on adapta-
tion methods.

6. Strengthening Farmers Group Federation’s
role for implementing cropping pattern on
the same expanse.

Based on synergistic adaptation and mitiga-
tion, the Indonesia’s strategies are as follow. To
maintain national food security, climate action
priority on food subsector is adaptation while
that on estate crop is mitigation (Badan Peneli-
tian dan Pengembangan Pertanian 2011). Itisin
accordance with COP 26 in Glasgow that agricul-
tural sector is the main victim of climate change.
Using the right measures, co-benefit of adapta-
tion action in these subsectors also contribute
to green-house gas emission reduction.

There are some adaptation methods to take
according to condition and available resourc-
es. Those are land and water conservation, wa-
ter-saving technology for farming, cropping
calendar, salinity, drought, and puddle tolerant
variety, integrated pest management, balanced
fertilizer, and soil conditioner. Those measure in-
clude water container construction (pond, ditch,
supplement irrigation), grass terracing, cover
crop (legume), intercropping, alley cropping.

Some mitigation measures are synergistic
with adaptation, such as enhancing organic
fertilizer application, low-emission rice variety,
peatland water level management, sustainable
oil palm farming management, land preparation
without burning, etc.

Cost-henefit analysis of adaptation & mitiga-
tion

The Cost Benefit Analysis (CBA) focuses on
the quantitative evaluation of climate change
impacts on (crops). It allows for estimation of the
net benefits of different adaptation and mitiga-
tion options and is used to assess the options
when efficiency is the only decision-making cri-

Accelerating Implementations

teria. This involves calculating and comparing all
the costs and benefits expressed in monetary
terms. This approach identifies the most eco-
nomic adaptation and/or mitigation strategy
and allows ranking all the proposed strategies
based on economic efficiency.

In the CBA, the sum of all costs and bene-
fits that will materialize in the future must be
brought to present value by applying a discount
rate. This rate measures the opportunity cost
of investing in a certain measure and not allo-
cating the funds to other activities that could
be more profitable. Net present values (NPV)
are preferred because they discount the future
benefits to present values, whilst internal rate of
returns are used to evaluate the most economi-
cal strategy. This can be done by: (i) identifying
the options employed in the communities, and
(i) for each option, the total costs incurred when
using that strategy and benefits were identified
and to compute the net benefit for that partic-
ular option. The approach for quantifying the
measures that do not have direct costs and ben-
efits is shadow price or opportunity cost.

The adaptation or mitigation strategy with a
positive and highest NPV is the most economical
and efficient. Of course, sensitivity analysis using
some scenarios of discount rate should be taken
into account. Besides NPV, the other important
criteria are internal rate of return (IRR). IRR is the
discount rate at which NPV is zero. Usually, the
strategy with the highest IRR is preferred.

Costs and benefits of adaptation

This part discusses understanding on critical
aspects of costing adaptation — not on how it is
estimated. It is based on various implementa-
tion level, and magnitudes of cost and benefit
depending on technology and institution ap-
plied. To some extent, those factors are location
specific.

In line with civilization, truly farmers have a
long record of adapting to climate variability. At
the farm level, measures will be implemented
spontaneously by farmers through short term
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production decisions including adjustments in
planting dates, intercropping, or in the inten-
sity of input use. Especially since modern agri-
cultural systems, the decisions will take into ac-
count the influence of economic environment
including market conditions and public policies,
particularly those stimulating research and de-
velopment, diffusing information, providing in-
stitutional support and promoting efficient use
of resources.

The Fourth Assessment Report of the Inter-
governmental Panel on Climate Change (IPCQC)
defines adaptation as any adjustment in natural
orhuman system in response to actual or expect-
ed climatic stimuli or their effects which moder-
ates harm or exploits beneficial opportunities
(IPCC 2007). The adaptation consists of delib-
erate actions undertaken to reduce the adverse
consequences, as well as to harness any bene-
ficial opportunities. A wide range of adaptation
measures can be implemented in response to
both observed and anticipated climate change.
The measures are undertaken both by public
and private actors through policies, investments
in infrastructure and technologies, and behavior
change. How much adaptation might cost, and
how large its benefits might be, are issues that
are increasingly relevant.

The process of adapting to climate and cli-
mate change is both complex and multifaceted.
As such it is very difficult to do adaptation ana-
lytical justice, and a number of typologies have
been developed to classify adaptation activities.
For example, adaptation measures have been
classified according to timing (anticipatory vs.
reactive); scope (local vs. regional, short-term
vs. long-term); purposefulness (autonomous vs.
planned); and adapting agent (natural systems
vs. humans, individuals vs. collective, private vs.
public).

There are so many measures of adaptation
in agriculture among others: (i) altering farming
practices and crop varieties, (ii) building new
water reservoirs, (iii) enhancing water use effi-
ciency, (iv) farm diversifications, (v) cultivating
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saline tolerance varieties, (vi) adjusting planting
date, etc.

The IPCC AR4 defines adaptation costs as“the
costs of planning, preparing for, facilitating, and
implementing adaptation measures, including
transition costs,” and defines benefits as “the
avoided damage costs or the accrued benefits
following the adoption and implementation
of adaptation measures” The CBA of climate
change adaptation measures must be a social
CBA. This means that merely financial profit-
ability cannot be the determining factor when
assessing whether or not to implement an ad-
aptation measure. In other words, many should
be implemented even if their economic costs
seem to exceed their benefits. The following two
operational difficulties result from this: (i) how
to quantify in monetary terms all the benefits
associated with an adaptation measure since
most of them are intangible and therefore have
no market price, (i) how to select an appropriate
discount rate to determine the present value of
costs and benefits that will take place in differ-
ent moments in time.

The Cost — Benefit Analysis (CBA) establishes
a framework to evaluate whether the cost of im-
plementing a measure of adaptation is greater
or less than the benefits that would be derived
from it. The CBA can be either financial or social.
The objective of a financial CBA is to obtain a
monetary return, while the objective of a social
CBA is emphasized to increase the well-being of
a community.

There are biophysical, economic, and social
economic limits with regard to the level and
rate of climate change that the different systems
can adapt to (Klein et al. 2007). The gross ben-
efit of adaptation is the difference between the
climate damages with and without adaptation.
Adaptation, however, will also entail costs. It im-
plies that these costs need to be deducted from
the gross benefits to arrive at the net benefits
of adaptation. So, while adaptation can reduce
negative impacts of climate change, there will
nevertheless be residual damages.
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Table 10.1. A hypothetical classification of adaptation costs and benefits (Agrawala and Fankhauser 2008)

Current climate Changed climate

Current adaptation Adaptation cost: 90 Adaptation cost: 90
Ordinary climate damage: 50 Ordinary climate damage: 50
Climate change damage: 0 Climate change damage: 200
Extended adaptation Adaptation cost: 150 Adaptation cost: 150

Ordinary climate damage: 20 Ordinary climate damage: 20

Climate change damage: 0 Climate change damage: 120

Net benefit of extended

Incremental adaptation cost: 60

Incremental adaptation cost: 60

adaptation

Incremental adaptation benefit: 30+0

Incremental adaptation benefit: 30+80

Net benefit: - 30

Net benefit: +50

To get better understanding, there was an in-
teresting illustration of the issue (Agrawala and
Fankhauser 2008) as follows (Table 10.1).

The starting point is the society adapted to
the current climate through measures ranging
from farmland irrigation to flood protection in-
frastructure. The top left of Table 10.1 represent-
ed the current state. In the top middle column
of the table: the society is spending an amount
of 90 units on adaptive measures. Included in
these costs are both monetary components
(e.g., capital costs) and nonmonetary compo-
nents (e.g., the impact on the environment). This
level of adaptation is sufficient to prevent most
adverse climate effects, but not all. There is a re-
sidual damage of 50 units, for example due to
occasional extreme flooding.

Current adaptation is preferred over extend-
ed adaptation because the additional cost of
more comprehensive protection (150-90=60) is
higher than the additional benefits of reduced
flood damages at the margin (50-20=30). The
calculus changes with climate change (associ-
ated, for example, with a higher frequency of
storms and floods). Under a changed climate,
the extra costs of adaptation (150-90=60) are
more than offset by the reduced costs of climate
change (200-120=80). In this particular example,
the climate change benefits alone are sufficient
to justify adaptive action, but the extra reduc-

tion in ordinary climate impacts (50-20=30) is
an important ancillary benefit. The ancillary
benefits occur because the extended protection
system will reduce the impact of both climate
change-induced and ordinary floods.

Obviously, the example of Table 1 is simplis-
ticand ignores important complications, such as
uncertainty and continuous change. However,
it helps to flesh out two important issues: the
costs of adaptation have to be measured against
current adaptive measures; and many adaptive
measures may have climate change as well as
non-climate-change-related benefits, although
distinguishing between the two will not be pos-
sible in practice.

At the theoretical level, costing adaptation
is a simple way in the sense of involving the
identification of the likely impacts of climate
change and their required responses followed
by constructing the budget required to under-
take these responses and aggregating them
across different scales. However, there are nu-
merous complexities that need to be addressed
in the implementation ranging from the nature
of developing local to national agriculture to the
methodological difficulties of employing cost-
ing techniques to an emerging and vaguely-de-
fined field such as adaptation.

There are some studies related to the impacts
of climate change and the benefits of adapta-
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tion in the agricultural sector in various regions
(Adams et al. 1995, Seo and Mendelsohn 2008,
Wang et al. 2009). At the global level, Reilly et al.
(1994) and Darwin et al. (1995) examined the cli-
mate change and adaptation impacts on world
agriculture and economy. Global assessment
of Rosenzweig and Parry (1994) reported the
impacts and adaptation benefits in terms of in-
creased cereal production and food security. The
adaptation benefits also assessed by Tan and
Shibasaki (2003) using a GIS-based crop mod-
el. A general finding from those studies is that
relatively modest adaptation measures can sig-
nificantly offset declines in expected yields as a
result of climate change. However, based on the
review of 69 studies on the impacts of climate
change on crop yields conducted by IPCC (IPCC
2007) there is a key message that while farm lev-
el adjustments yield significant benefits, such
benefits do not occur equally in all regions. As
tropical developing countries are, in many cases,
expected to benefit less from low-cost adapta-
tions, benefits may be larger in developed coun-
tries than in developing ones.

Costs and benefits of mitigation

Different with adaptation, the boundaries of
mitigation measures are more clearly defined.
There is a clear metric (reduction in greenhouse
gas-GHG emissions) for assessing the effec-
tiveness of such measures and it implies that
pricing GHG emissions according to the pol-
luter-pays-principle is the most economically
efficient approach to limiting global warming.
However, despite their efficiency, the economic
burden that such carbon pricing policies could
place on some agricultural producers and con-
sumers can make them politically difficult to in-
troduce. Much of the mitigation from an emis-
sions tax would be driven by the reallocation of
production away from more towards less emis-
sion intensive sectors and regions. While this
lowers the overall emission intensity of agricul-
tural production, it could cause a large decline in
ruminant production — especially in developing
countries, raising concerns about food security
among poor producers and consumers (OECD
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2019). Based on national and regional budgets
(APBN and APBD) the GHG reduction measures
are carried out as follow: (a) According to sus-
tainable development principles; (b) Usefulness
of cost utilization for integrated GHG emission
reduction based on the lowest cost principle;
(c) Easy implementation by taking into account
the political, social and cultural aspects; (d) In
accordance with the national and the regional
development priorities in the activity location;
(e) Using the principle of mutual benefits by pri-
oritizing development/activity programs that
contributed to the GHG emission reduction or
Co-Benefit (Thamrin 2011).

In the agricultural sector, GHG emissions
could be minimized by using different tech-
niques such as biofuel, conservation tillage,
cover crops, drained wetland management,
lime amendments, residue management, etc.
The emissions from rice-based cropping sys-
tems could be minimized by water and residue
management, organic amendments, ratoon
cropping, fallow management, use of nitrifica-
tion and urease inhibitors and different fertilizer
placement methods and sulfur products. In ani-
mal production, GHGs emission is mainly due to
enteric fermentation, and manure management.
It means that emissions from enteric fermenta-
tion and housing could be modified by using
different methods. It includes management in
the feed and use of different microorganism
products. In case of manure management tech-
niques like anaerobic digestion, liquid manure
storage and treatment practices could be used
to minimize or modify GHG emissions.

IPCC Special Report on Global Warming of
1.5°C confirms there is an important role for land
use sectors in stabilizing global temperatures
(IPCC 2018). Options could be implemented in
the agriculture sector to mitigate GHG emis-
sions are: (i) introducing farm practices that re-
duce agricultural non-carbon dioxide (non-CO,)
emissions; including methane (CH,) and nitrous
oxide (N,0), and (ii) introducing practices to re-
move CO, from the atmosphere and accumulate
as carbon in vegetation and soils, or that reduce



emissions from the degradation and removal of
these carbon stocks.

Recent GHG mitigation research in the agri-
culture and allied sectors has explored a range
of options that can significantly reduce GHG
emissions from the global food systems. Live-
stock accounts for up to half of the technical mit-
igation potential of the agriculture, forestry, and
land use sectors (Herrero et al. 2016). Mitigation
options in the livestock sector include improved
feed and manure management, grazing optimi-
zation, development of silvo-pasture systems.
Advances in agronomy (tillage, nutrient, water,
weeds, and energy management) and improved
breeding have a large potential to reduce GHG
emissions from crop fields (Beach et al. 2016,
McKinsey 2020).

Enabling climate actions in agriculture

The agricultural sector has a crucial role in
meeting development goals around the world.
Not only is the sector responsible for meeting
demand for food, it also has a major influence
on essential ecosystem services and provides a
livelihood for more than half of rural household
especially in the developing countries. Addition-
ally, growth in the agriculture sector is vital in in-
ducing wider economic development.

The changing climate will have adverse ef-
fects on food production, food distribution,
infrastructure, land availability for agriculture,
and livelihood assets and opportunities in ru-
ral and urban areas. Adapting food systems to
both enhance food security for the poor and to
prevent the future negative impacts of climate
change will require attention to more than just
agricultural production. Food security can only
be ensured and enhanced through a range of in-
terventions across different agricultural systems
and along the associated value chains, from pro-
duction to distribution and allocation.

The current efforts to get agriculture into the
global climate policy framework after the expi-
ry of the Kyoto Protocol emphasizes mitigation.
Adaptation is an equally important objective in
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a world that cannot avoid climate change any-
more due to accumulated greenhouse gases.
In developing countries, adaptation is the pri-
mary concern due to their vulnerability to cli-
mate change and high dependence on weath-
er-dependent agricultural systems. A complete
response to climate change that integrates
agriculture should therefore pursue both agri-
cultural mitigation and adaptation. To plan ad-
aptation effectively, policymakers need reliable
information from developing countries on the
nature of adaptation, its costs, and how these
are related to ongoing efforts to develop the
agriculture sector and food systems of devel-
oping countries. Ignoring the linkages between
adaptation and agricultural development could
lead to duplication and inefficient use of scarce
resources or even to interventions in one area
conflicting with the other’s goals. For example,
a focus on maximizing food production could
promote mono-crops that foreclose the ability
of farmers to diversify their food sources. Given
that developing country agriculture is already
being affected by climate variability and other
development constraints, the greatest promise
that a new global climate change policy frame-
work offered is the potential to enable these
countries to move from a focus on negotiations
to actions through effective planning tools and
resources for implementing their plans.

Implementation of synergistic adaptation
and mitigation to climate change in agricultur-
al sector is equally problematic. One thing that
is clear is that time is running out. Agriculture is
already suffering adverse impacts from climate
change. There is a limited window for action
to ensure a robust agricultural system that can
withstand the more serious consequences pro-
jected for the future. But different stakeholders
see adaptation in different ways. So, while the In-
ternational Food Policy Research Institute (IFPRI)
advocates more research, the UN Conference
on Trade and Development highlights issues in
global trade; and most development agencies
concentrate on boosting sustainable develop-
ment, poverty reduction and social protection.
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Agricultural systems are also complex, with
links across scales and sectors. This means that
the impacts of climatic events have multiple di-
mensions. For instance, the impact of a drought
can be seen in the lack of rainfall that reduces
yields on a dryland plot, the failure to deliver
water to marginal farmers in a small irrigation
scheme, and adjustments to national food avail-
ability and prices mediated by the political econ-
omy. Differentiating climate change impacts
and adaptation from this dynamic complexity
over the next few decades is impossible in most
situations.

Adaptation options in agriculture are shaped
by a combination of climate, development and
environmental considerations and there is no
single planning approach that suits every com-
munity or country. But thinking of adaptation as
a ‘pathway’ of social, economic and institutional
change can help actors to adjust to known cli-
matic and developmental stresses while learn-
ing how to adapt to future climates as better
information becomes available.

The shape of adaptation pathways over time
is influenced by several factors. In many cases,
today’s decisions can shape tomorrow’s op-
tions. The decision to gather new information or
train new actors now could significantly expand
choices later. For example, establishing a net-
work of weather stations now opens up the fu-
ture option of weather insurance, which requires
at least ten years’ of data to establish baseline
risk. Conversely, investing in major water reser-
voirs now precludes other adaptive options lat-
er.

A range of actions that could help lay the
ground for adapting agriculture to climate
change consist of:

1. The need to assign institutional responsibili-
ty for coordinating adaptation. Adapting ag-
riculture to climate change cannot be done
by any single organization alone. Integrating
local and district ‘agents of change’into na-
tional processes and plans will help ensure
effective action on the ground. Such inclu-
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sive planning can also help ensure the nec-
essary funding for agricultural development
and adaptation at all scales.

2. The need to integrate adaptation into agri-
cultural institutions. The emergence of cli-
mate change units in agricultural research
institutes is a promising start for building
capacity. But institutional change at national
level is also required. Operational ministries
should mobilize effective coordination, ac-
cess to funding and knowledge-led capacity.

3. The need to enable continuous assessment
along the adaptation pathway, which is
essential to apply lessons learnt, scale up
successes, develop innovative technical, fi-
nancial and institutional instruments and
prepare to adapt to the more challenging
scenarios of climate change beyond 2030.

Agriculture is a part of the whole econom-
ic sectors. Climate change affects all economic
sectors. It implies that adaptation and mitiga-
tion to climate change in agriculture sectors is
also a part of the whole sectors adaptation and
mitigation.

In Indonesia a large part of the problem is
the diversity of variables, states and processes
that exist in the country; and the different ways
in which these interact with regional and global
conditions. This makes it very difficult to predict
how agriculture will develop and be affected by
climate change in terms that provide robust tar-
gets for adaptation. For example, while climate
models generally predict a warming in almost
all areas, they vary significantly in predictions
for agro-ecological zones particularly with re-
gards to rainfall. Additional uncertainty about
the future of environmental services, especially
soil quality, adds to the difficulty in making pre-
dictions that can inform adaptation planning for
specific adaptation actions now.

Adaptation and mitigation are two inextri-
cable actions in responding to global climate
change (Government of Indonesia 2021). Inte-
grating mitigation and adaptation measures can
increase local people’s acceptance and interest



Mitigation Aspect

General Target
Reduce the Green House
Gass (GHGs) emissions

NDC

NDC Roadmaps

(National Determined Contribution)
Commitment,
Cutput

Accelerating Implementations

2050 Long Term Strategy W‘

General Target
. Economic Resillience
. Social Resillience and
Livelihood
. Ecosystem Resillience
and Landscape

Translating NDC into
sectoral plan of actions

Sectoral Action Plan Of Climates Action Plan (NAM+NAP) Sectoral Action Plan Of
Mitigation Adaptation

NAM: National Action on Mitigation
NAP : National Adaptation Plan

Figure 10.2. Connectivity between mitigation and adaptation in long term strategy

(Government of Indonesia 2021)

in mainstreaming climate change actions. This
is because adaptation emphasizes the urgent
needs of local communities, while mitigation
has more long-term global benefits. Therefore,
the greater the mitigation effort, the less ad-
justed impacts, and the less risk involved. Con-
versely, the greater the degree of adaptation
preparedness, the less impact associated with a
particular level of climate change.

Climate change mitigation and adaptation
cannot be seen as alternatives to each other,
because they are not independent activities,
but have a complementary role in responding
to climate change which is carried out at dif-
ferent spatial, temporal, and institutional scales
(Fig. 10.2). If mitigation is successful in reducing
greenhouse gas emissions substantially, the ef-
fects of climate change will continue because
the lag time remains between the reduction in
greenhouse gas concentrations and the reduc-
tion in the rate of warming. This means that
adaptation is very important, regardless of the
impact of mitigation. However, very few com-
munities at the grassroots level are aware of their
vulnerabilities and risks. Therefore, the objec-
tives of Indonesia’s climate change adaptation

strategy are directed at reducing risks, increas-
ing adaptive capacity, strengthening resilience,
and reducing vulnerability to climate change
in all development sectors by 2030 through in-
creasing climate literacy, strengthening local ca-
pacity, improving knowledge management, pol-
icies convergence on climate change adaptation
and disaster risk reduction, and the application
of adaptive technology.

General target of mitigation aspect is GHGs
emissions reduction prioritized for agriculture,
forestry, energy, waste, IPPU (Industrial Process-
es and Product Use). While general targets of
mitigation economic resilience, social resilience
and livelihood, and ecosystem resilience and
landscape.

Referring to NDC roadmaps, implementation
of climate action plans (NAM) is prioritized for:
(i) forestry and land use, (ii) agriculture, (iii) en-
ergy including transportation, (iv) industry, and
(v) waste. Adaptation priorities area: (i) food (ag-
riculture, food product, technology), (ii) energy,
(iii) health, (iv) livelihood, (v) infrastructure, (vi)
ecosystem and biodiversity, (vii) cities, and (vii)
coastal and small islands.
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Financing strategy for climate mitigation and
adaptation in Indonesia [50] is currently at the
preliminary stage of development. The concept
is built with the assumption that the finance
needs for climate actions should be addressed
by optimizing climate finance system, starting
from finance sources, finance institutions and
their mechanisms as well as institutions receiv-
ing finance to carry out programs/activities to
achieve the set target. Therefore, the current
efforts as part of the financing strategy for cli-
mate mitigation and adaptation includes in-
creasing diversification of sources of finance,
strengthening capacity of finance institutions,
and strengthening capacity of stakeholders in
accessing finance.

The Government of Indonesia has taken a
number of policies that open opportunity to
increase diversification of finance sources from
both national and international - public and
private sources. At the national level, the oppor-
tunities to optimize state budget are explored
(e.g., using instruments of green sukuk or green
bonds and draft of PERPRES NEK on Carbon Pric-
ing Instruments such as fees and carbon levy;
instruments of intergovernmental fiscal trans-
fer; instruments of PAD or regional income and
other sources of income). Furthermore, Indone-
sia continues to mobilize international financial
sources through bilateral, regional, and multilat-
eral channels, including result-based payment
for REDD+ under the Paris Agreement, grant,
and other potential sources and mechanisms.

Adaptation to climate change and lower
emission intensities per output will contribute
both to achieve food security and agricultur-
al development as a whole. The transforma-
tion must be accomplished without depletion
of the natural resource base. FAO introduced
Climate-Smart Agriculture (CSA) to contrib-
ute transformation. CSA is an approach to de-
veloping the technical, policy and investment
conditions to achieve sustainable agricultural
development for food security under climate
change. The approach is designed to identify
and operationalize sustainable agricultural de-
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velopment within the explicit parameters of cli-
mate change. Itintegrates the three dimensions
of sustainable development (economic, social
and environmental) by jointly addressing food
security and climate challenges (FAO 2013). It is
composed of three main pillars:

1. Sustainably increasing agricultural produc-
tivity and incomes;

2. Adapting and building resilience to climate
change;

3. Reducing and/or removing greenhouse gas-
es emissions, where possible.

The scaling up of CSA practices will require
appropriate institutional and governance mech-
anisms to disseminate information, ensure
broad participation and harmonize policies. It
may not be possible to achieve all the CSA ob-
jectives at once. Context-specific priorities need
to be determined, and benefits and tradeoffs
evaluated.

Climate change is already having an impact
on agriculture and food security as a result of
increased prevalence of extreme events and
increased unpredictability of weather patterns.
This can lead to reductions in production and
lower incomes in vulnerable areas.

Enhancing food security while contributing
to mitigate climate change and preserving the
natural resource base and vital ecosystem ser-
vices requires the transition to agricultural pro-
duction systems that are more productive, use
inputs more efficiently, have less variability and
greater stability in their outputs, and are more
resilient to risks, shocks and long-term climate
variability. More productive and more resilient
agriculture land, water, soil nutrients and genet-
ic resources management to ensure that these
resources are used more efficiently. Making this
shift requires considerable changes in national
and local governance, legislation, policies and
financial mechanisms. This transformation will
also involve improving producers’ access to
markets. By reducing greenhouse gas emissions
per unit of land and/or agricultural product



and increasing carbon sinks, these changes will
contribute significantly to the mitigation of cli-
mate change. Innovative financing mechanisms
linking and blending climate and agricultural fi-
nance from public and private sectors are a key
means for implementation, as are the integra-
tion and coordination of relevant policy instru-
ments and institutional arrangements.

Conclusions

Dealing with climate change adaption and
mitigation, the agricultural plays a very criti-
cal role. This sector bears more obligation as it
should meet the increased food demand along
with population growth. On the other hand,
agriculture itself is quite sensitive to climate
change risks.

Many elements involved in the agricultural
system including other sectors and each ele-

References:

Abbasi, H., Delavar, M., Nalban, R. B., Shahdany, M. H. 2020. Ro-
bust strategies for climate change adaptation in the agricul-
tural sector under deep climate uncertainty. Stochastic Envi-
ronmental Research and Risk Assessment. Springer-Verlag
GmbH Germany, part of Springer Nature 2020. https://doi.
org/10.1007/s00477-020-01782-4(0123456789().,-volV)
(0128.

Adams, R. M., R. A. Fleming, C.-C. Chang, B. A. McCarl, and C.
Rosenzweig. 1995. “A Reassessment of the Economic-ef-
fects of Global Climate-change on US Agriculture.” Climatic
Change 30(2): 147-167.

Agrawala, S and S. Fankhauser 2008. Putting Climate Change
Adaptation in an Economic Context. In Agrawala, S and
Fankhauser (Eds.). 2008. Economic Aspects of Adaptation
to Climate Change: Cost, Benefit and Policy Instruments
(Chapter I: p. 23). OECD. - ISBN-978-92-64-04603-0 ©
OECD 2008

Badan Penelitian dan Pengembangan Pertanian 2011. Pedoman
Umum Adaptasi Perubahan Iklim Sektor Pertanian. Kement-
erian Pertanian. ISBN 978-602-9462-04-3. 73 p.

Badan Pusat Statistik. 2018. Hasil Survey Pertanian Antar Sensus
(SUTAS) 2018. Badan Pusat Statistik. Jakarta.

Beach, R. H., J. Creason, S.B. Ohrel, S. Ragnauth, S. Ogle, C. Li,
P. Ingraham and W. Salas. 2016. Global mitigation potential
and costs of reducing agricultural non-C02 greenhouse gas
emissions through 2030 J. Integr. Environ. Sci. 12 87-105

Beg, N. Jan C. Morlot, O. Davidson, Y. Afrane-Okesse, L. Tyani, F.
Denton, Y. Sokona, Jean P. Thomas, E. Lébre La Rovere, J.
K. Parikh, K. Parikh and A. A. Rahman. 2002. Linkages be-
tween climate change and sustainable development, Climate
Policy, 2:2-3, 129-144, DOI:10.3763/cpol.2002.0216.

Accelerating Implementations

ment is inter-dependent. Multi-dimension ef-
fect is quite possible as the impacts of climate
change on agricultural sector.

Sustainable development should take ac-
count climate change adaptation and mitiga-
tion as it is one of the determining factors. Cli-
mate change adaptation and mitigation are
inseparable actions. Thus, these actions should
be carried out together such that the benefit re-
sults will be surpass the cost spent.

Climate change has taken place and feasible
actions are adaptation and mitigation. It needs
to accelerate the actions because delay will
worsen the impacts. Adaptation and mitigation
should be carried out synergistically and the
main key determinant is participation.

Boer, R., I. Las, E. Surmaini, D.D. Dasanto, D. Erfandi, S.F. Muin,
A. Rachman, Y. Sarvinta, Sumaryanto, Darsana, Tamara.
2009. Pengembangan Sistem Prediksi Perubahan Iklim un-
tuk Ketahanan Petani: Dampak Kenaikan Air Laut. Laporan
Akhir Konsorsium Penelitian dan Pengembangan Perubahan
Iklim Sektor Pertanian. Balai Besar Penelitian dan Pengem-
bangan Sumberdaya Lahan Pertanian, Badan Penelitian dan
Pengembangan Pertanian.

Chambwera, M., Downing, T., Cabot Venton, C., Dyszynski, J.,
Crawford, V., Butterfield, R., Kaur, N., Birch, T. and Loga,
D. 2011. Planning and costing agriculture’s adaptation to
climate change: Synthesis Report. International Institute for
Environment and Development (IIED), London, UK.

Darwin, R. F., M. Tsigas, J. Lewandrowski, and A. Raneses. 1995.
“World Agriculture and Climate Change: Economic Adapta-
tions.” Agricultural Economic Report, No. (AER703), p. 100.

FAO (Food and Agricultural Organization). 2013. Climate-smart
agriculture sourcebook. Rome, Italy: Food and Agriculture
Organization of the United Nations (FAO).

Food and Agriculture Organization of the United Nations (FAO).
2009. Food security and agricultural mitigation in developing
countries: Options for capturing synergies. Food and Agri-
culture Organization of the United Nations, Rome, Italy. See:
http://www.fao.org/docrep/012/i1318e/i1318e00.p

Government of Indonesia. 2021. Indonesa Long-Term Strategy
for Low Carbon and Climate Resilience 2050 (Indonesia
LTS-LCCR 2050). Ministry of Environtment and Forestry.
Indonesia.

137




Accelerating Implementations

Herrero, M., B. Henderson, P. Havlik. Greenhouse gas mitigation
potentials in the livestock sector. Nature Clim Change 6, 452-
461 (2016). https://doi.org/10.1038/nclimate2925.

IPCC (Intergovernmental Panel for Climate Change). 2001. Climate
Change 2001: impacts, adaptation, and Vulnerability. Cam-
bridge University Press, New York.

IPCC (Intergovernmental Panel for Climate Change). 2007. “Cli-
mate Change 2007: Impacts, Adaptation and Vulnerability”,
Working Group II' Contribution to the Fourth Assessment
Report of the Intergovernmental Panel on Climate Change,
“Chapter 17: Assessment of Adaptation Practices, Options,
Constraints and Capacity”, Cambridge University Press,
Cambridge, pp. 717-743.

IPCC (Intergovernmental Panel for Climate Change). 2007. “Cli-
mate Change 2007: The Physical Science Basis.” Working
Group | Contribution to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change “Chapter 10:
Global Climate Projections.” Cambridge University Press,
Cambridge.

IPCC (Intergovernmental Panel for Climate Change). 2007. Sum-
mary for Policymakers. In Climate Change 2007: Impacts,
Adaptati on and Vulnerability. Contributi on of Working Group
Il to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, Parry, M.L., O.F. Canziani, J.P.
Palutikof, P.J. van der Linden, and C.E. Hanson (eds), Cam-
bridge University Press, Cambridge, United Kingdom, 7-22.

IPCC. 2018. Summary for Policymakers. In: Global Warming of
1.5°C. An IPCC Special Report on the impacts of global
warming of 1.5°C above pre-industrial levels and related
global greenhouse gas emission pathways, in the context
of strengthening the global response to the threat of climate
change, sustainable development, and efforts to eradicate
poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pdrtner, D.
Roberts, J. Skea, P.R. Shukla, A. Pirani, W. Moufouma-Okia,
C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen,
X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and
T. Waterfield (eds.)]. In Press.

Karimi, V., N. Valizadeh, S. Karami, and M. Bijani. 2021. Climate
Change and Adaptation: Recommendations for Agricultural
Sector. In Venkatramanan, V., S. Shah, R. Prasad (Eds). Ex-
ploring Synergies and Trade-offs Between Climate Change
and the Sustainable Development Goals. Springer Nature
Singapore Pte Ltd. 2021. 402 p, pp.: 97 - 118.

Klein, R.J.T., S. Hug, F. Denton, T.E. Downing, R.G. Richels, J.B.
Robinson, F.L. Toth, 2007: Inter-relationships between adap-
tation and mitigation. Climate Change 2007: Impacts, Adap-
tation and Vulnerability. Contribution of Working Group Il to
the Fourth Assessment Report of the Intergovernmental Pan-
el on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palu-
tikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge
University Press, Cambridge, UK, 745-777.

McKinsey. 2020. Agriculture and climate change: reducing emis-
sions through improved farming practices. McKinsey and
Company

Murdiyarso, D and J.B. Kauffman. 2011. Addressing climate change
adaptation and mitigation in tropical wetland ecosystems of
Indonesia. Brief Info No. 41 (September 2011). www.cifor.
org. 4p. https://www.cifor.org/lknowledge/publication/3512

OECD (Organisation for Economic Co-operation and Develop-
ment). 2019. Enhancing Climate Change Mitigation through
Agriculture, OECD Publishing, Paris, https://doi.org/10.1787/
e9a79226-en.

138

Parker, L/, C. Bourgoin, A. Martinez-Valle, and P. Laderach. 2019.
Vulnerability of the agricultural sector to climate change:
The development of a pan-tropical Climate Risk Vulnera-
bility Assessment to inform sub-national decision making.
PLoS ONE 14(3): €0213641. https://doi.org/10.1371/journal.
pone.0213641

Parry, M.L. and T.R. Carter. 1989. ‘An assessment of the effects
of climatic change on agriculture’, Clim. Change 15, 95-116.

Praveen, B. and P. Sharma. A review of literature on climate change
and its impacts on agriculture productivity. J Public Affairs.
2019;e1960. https://doi.org/ 10.1002/pa.1960.

Reilly, J., N. Hohmann and S. Kane. 1994. “Climate Change and
Agricultural Trade: Who Benefits, Who Loses?” Global Envi-
ronmental Change 4(1): 24-36.

Reilly, J.: 1995, ‘Climate change and global agriculture: Recent find-
ings and issues’, Amer. J. Agric. Econ. 77, 727-733.

Rosenzweig, C. and M. L. Parry. 1994. “Potential Impact of Climate
Change on World Food Supply.” Nature 367: 133-138.

Salampessy,Y.L.A. , D.P. Lubis, |.Amien, dan D. Suhardjito. 2018.
Menakar Kapasitas Adaptasi Perubahan Iklim

Sejati, W.K., T. Pranadji, B. Irawan, Saptana, S. Wahyuni, A. Purwo-
to, dan C. Muslim. 2011. Peningkatan Kapabilitas Kelompok
Tani Dalam Adaptasi Terhadap Perubahan Iklim. Pusat So-
sial Ekonomi dan Kebijakan Pertanian, Badan Penelitian dan
Pengembangan Pertanian, Kementerian Pertanian.

Seo, S. N. and R. O. Mendelsohn. 2008. “A Ricardian Analysis of
the Impact of Climate Change on South American Farms.”
Chilean Journal of Agricultural Resuorces 68(1): 69-79.

Sumaryanto, Hermanto, M.Maulana, M.Suryadi, E. Ariningsih, K.
S. Indraningsih, E. Suryani, dan P. Karfakis. 2018. House-
hold Vulnerability to Food Insecurity Resulting from Climate
Change: Impact Assessment, Profiling and Mapping of
Vulnerable Household and Policies. Penelitian Kerjasama
PSEKP - FAOQ. Pusat Sosial Ekonomi dan Kebijakan Perta-
nian. 156 hal.

Sumaryanto, Sugiarto, dan M. Suryadi. 2012. Kapasitas Adaptasi
Petani Tanaman Pangan Terhadap Perubahan lklim Untuk
Mendukung Keberlanjutan Ketahanan Pangan. Laporan
Kemajuan Penelitian. Pusat Sosial Ekonomi dan Kebijakan
Pertanian, Badan Penelitian dan Pengembangan Pertanian.

Sumaryanto. 2013. Estimasi Kapasitas Adaptasi Petani Padi Ter-
hadap Cekaman Lingkungan Usahatani Akibat Perubahan
Iklim. Jurnal Agro Ekonomi. Vol. 31 No. 2 Oktober 2013, ISSN
0216-9053. Terakreditasi No.447/AU2/P2MI-LIP1/08/2012.

Tan, G. and R. Shibasaki. 2003. “Global Estimation of Crop Produc-
tivity and the Impacts of Global Warming by GIS and EPIC
Integration.” Ecological Modeling 168(3): 357-370.

Thamrin, S. 2011. Indonesia’s National Mitigation Actions: Paving
the Way towards NAMAs. Discussion Document. Prepared
for the CCXG/Global Forum on Environment Seminar on
MRV and Carbon Markets 28-29 March 2011, Paris. Bap-
penas. 12p.

Wang, J., R. O. Mendelsohn, A. Dinarc, J. Huang, S. Rozelle, and
L. Zhang. 2009. “The Impact of Climate Change on China’s
Agriculture.” Agricultural Economics 40: 323-337.

Wijaya, A., H. Chrysolite, M. Ge, C.K.Wibowo, A. Pradana, A.F.
Utami, and K. Austin. 2017. How Can Indonesia Achieve Its
Climate Change Mitigation Goal? An Analysis Of Potential
Emissions Reductions From Energy And Land-Use Policies.
Working Paper. World Research Institute. 36p.



INDONESIA
2022

ccover yd@:

ecover stronger

Indonesian Agency for Agricultural Research and Development P

JI.Ragunan No. 29, Pasar Minggu, Kota Jakarta Selatan
Daerah Khusus Ibukota Jakarta 12540

Indonesia H“I I‘l” IIHI

T +62 (21) 7801242 786026 916594
http://litbang.pertanian.go.id




INDONESITA
2022

Recover 57‘%14

&W@/ strovnger



INDONESIA
2022

ccover yd@:

ecover stronger

Indonesian Agency for Agricultural Research and Development SRl EiEeea

JI.Ragunan No. 29, Pasar Minggu, Kota Jakarta Selatan
Daerah Khusus Ibukota Jakarta 12540

Indonesia ‘ “‘I I "” IIHI

T +62 (21) 7801242 786026 916594
http://litbang.pertanian.go.id




G2

INDONESITA
2022

Recover 57‘%14

&W@/ strovnger



