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IINTRODUCTION

Extensive fires ravaged large areas of Indonesia 
during pronounced El-Nino year of 2015, given 
off an estimated 1.75 billion metric ton of CO2
equivalents emissions and contributed roughly 
five percent of average annual global fossil fuel 
CO2 emissions in that year 

Approximately 13 Mha peatland exist 
in Indonesia with at least 30 Gt of 
carbon stored
most of the Indonesian peatland have 
been subject to rapid land use 
changes since 1965



IIntroduction

This catastrophic peat fire episode attracted international 
concern when the smoke haze from peat fires blanket the 
country and its neighbours, levels of PM10 pushed toward 
the highest regional of 3760 μg/m3 in Palangkaraya Central 
Kalimantan, and 1065 μg/m3 in Pekanbaru Riau
Haze comes from forest, and land fires is the human-
caused environmental disaster, and its detrimental effect 
on human health has a clear ethical dimension, which 
directly relates to a fundamental ethical principle of social 
responsibility and health
The problems then, when the local peoples even blames 
for all those bad things due to fire occur as they used fire 
for the land preparation, that actually part of their 
livelihood
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Pelalawan (RIAU GREEN, JANUARI 2015)

City Palembang

Palangkaraya 26 September 2015, 04.00 PM Palangkaraya, 27 September 2015, 04.34 AM

Musi River (South Sumatra )



SSome of 90 gases detected during peat fires in Central Kalimantan (Stockwell et al, 2016)

Carbon Dioxide (CO2) 1564(77)
Carbon Monoxide (CO) 291(49)
Methane (CH4) 9.51(4.74)
Dihydrogen (H2) 1.22(1.01)
Acetylene (C2H2) 0.121(0.066)
Ethylene (C2H4) 0.961(0.528)
Propylene (C3H6) 1.07(0.53)
Formaldehyde (HCHO) 0.867(0.479)

Methanol (CH3OH) 2.14(1.22)
Formic Acid (HCOOH) 0.180(0.085)
Acetic Acid (CH3COOH) 3.89(1.65)
Glycolaldehyde (C2H4O2) 0.108(0.089)
Furan (C4H4O) 0.736(0.392)
Hydroxyacetone (C3H6O2) 0.860(0.433)
Phenol (C6H5OH) 0.419(0.226)
1,3-Butadiene (C4H6) 0.189(0.157)
Isoprene (C5H8) 5.28E-2(4.33E-2)
Ammonia (NH3) 2.86(1.00)
Hydrogen Cyanide (HCN) 5.75(1.60)

Compound (formula) Study avg (stdev) (g/kg) 



• The study aimed to enhance the local wisdom in managing peatland by 
integrating scientific findings on in-situ and remoted sensing data on 
hydrological parameters, providing the novelty of the research and enables 
us to propose the sustainable community-based peat land management 
(CBPM) in each of study areas. 

• The results of the research will be directly beneficiary the local people 
surrounding the peat areas in the three provinces and peat management 
decision makers as well:
Changing behavior from using a fire on opening and preparing the peatland
for cultivation to the zero burning system in peatland preparation
The increase of farmers’ welfare as their plantation and other commodities 

that cultivate in their peat area will produce more. 
The peat will be maintain in sustainability, giving a better chance to the 

farmers to cultivate it in a longer time
Zero burning system means there will be no fire and smoke haze issue 

anymore for the local people surrounding the peat area



RResearch site and targeted respondents
• Research conducted in peatland area of Riau, Jambi and Central Kalimantan, 

three provinces that suffered from smoke haze due to peat fires in 2015. 
• Research areas represent Indonesian peatland of Sumatra and Kalimantan. 
• Affiliate with KKI-WARSI and Universitas Jambi (Jambi), Palangkaraya University 

(UPR) and Riau University (UR), 
• The study areas include:
(1) Siak Regency (Riau); 
(2) Block A of Ex-Mega Rice Project Area, Central Kalimantan, 
(3) Tanjung Jabung Timur , Jambi 
• The targeted indigenous people and their local wisdom are Melayu communities 

in Riau, Melayu communities in Jambi and Dayak communities in Central 
Kalimantan. We also explore local wisdoms from migrants such as from Bugis, 
Banjar and Javanese.



RRESEARCH FOCUS

In-depth social and human-dimension 
Determining critical hydrological parameters to prevent 

devastating peat fire occurrences
Determining the quality of peat following burning
Burned area mapping based on satellite data



RESULTS

In-depth social and human-dimension 



RRIAU 

located in the Siak District, Sungai Apit sub-district and at two village, Sungai 
Rawa and Rawa Mekar Jaya and one sub-village Jempal, Penyengat village.
Sungai Rawa village is the oldest village than Rawa Mekar Jaya and 
Penyengat, both last village borned from Sungai Rawa. 
Sungai Rawa dominated by Melayu and Javanese ethnic; Rawa Mekar Jaya 
and Penyengat dominated by multi ethnic 
Those three sites (Sungai Rawa, Rawa Mekar Jaya and Jempal) at the 

beginning was dominated by Sago, then followed by Rubber and Oil palm,  
Sago is very important for daily life.
For the local people, using fire for land preparation especially sago 

plantation is used since the beginning. 



• The reason why the local people use fire is because during that time, ground water 
table is quite good (less than 40 cm), where fire occurs will never destroy their peat 
and easy to stop. 

• They need using fire because it was good for their starting point for plantation, as it 
will clean pest and disease at the surface part and will also provide a good natural 
fertilizer that come from ash as result from vegetation burning that contain rich of 
mineral which could support the growth of their sago.

• the situation changed, as big companies such as oil palm and industrial forest 
plantation, come to their land and estbalished big canals through digging and clear 
cut the forest area near the river. 

• Then, reduce the ground water level at the community land around the companies,  
It makes the peat become drier and sensitive to burn.

• changing situation caused a serious problems to the local people lands, as their
land that usually safe from uncontrolled fire become easily attack. 

• This was one of the reason then why many big fire occurs in their land that could 
not stop and finally burnt their plantation in a big areas because they could not 
stop it.



FGD IN Desa Rawa Mekar Jaya

FGD in Dusun Penyengat



• The big problem then emerge as they could not get any benefit from their land as 
most of the commodities (i.e. Sago) had been destroyed by fire and they have no 
money to established new plantation but there was no help from the goverment 
and finally they challenge their life through fishing or getting fish, and other 
products from river. The person who has more money could re-planted their land 
with other commodities such as rubber or oil palm or planted the burned land with 
pineapple. 

• Many of those communities especially around the big companies that actually have 
the right to get support from CSR companies which guaranted by the laws, 
unfortunately got nothing as they just feeding the never ending promising only.

• Not so many communities complaint regarding their land that being occupied 
illegally by the companies were being responded by the goverment,  make they 
should try to solve the problem by themselves.

• There is a volunteer person who lead as Head of Masyarakat Peduli Api (Fire Care 
(Community) in Rawa Mekar Jaya. He works together with his 25 team members to 
fight the fires. His MPA teams equipments come from many support such as NGO 
and goverment officials. The leader is very active in environmental activities, so 
that many peoples really appreciate with his initiative.





JJAMBI
1. Sinar Wajo Village
• Dominated by local people (melayu) and migrants (Bugis, banjar and Javanese)
• Farmers and also planted oil palm, coconut and pinang
• Extreme fire history: 1997, 2012, 2015 (700 ha burned area)

• Impacts of 2015 fire:
• 5 months delayed of harvest time of oil palm
• No fruiting season for areca nut for 10 months

• 2017 Fire (27 July):
• > 10 ha forest area burned
• Fire severity: moderate-high
• Causes: land clearing for areca nut plantation
• Fire suppression: 48 hrs duration by fire brigades from MoEF,

community/villagers, BNPB, army



Burnt Area at Sinar Wajo Village



2. Danau Lamo Village
• 2015: severely burned, started from unmanaged land dominated by shrubs,

ferns, alang-alang
• Best practice: zero burning practices for agroforestry system-mix of jelutung

as a major stand with other crops of cocoa, areca nut, durian, mango,
rambutan, palm oil, and coconut tree

3. Kota Kandis Dendang Village
• Farmer dominated by villager; Cultivated crops: oil palm, areca nut, cocoa,

coconut tree and some forest trees species.
• 2015: fire started from non-plantation area dominated by shrubs spread

wildly to plantation area
• Fire suppression by villagers, fire brigade of community and MoEF, private

companies and supported by WARSI (NGO)
• Zero burning practices: slash and cut, using rented tractor and apply

herbicides



CCENTRAL KALIMANTAN
• The research sites: Kalampangan Village and Tumbang Nusa Village, Pulang Pisau 

Regency severily affected by fire in the 2015
• Kalampangan Village

Dominated by peat and mostly transmigration community from Java, Mostly farmer 
which planting vegetables
Based on the field data and interview found that they use fire for the land preparation
The reason why they use fire for land preparation, because they know that peatland is 
poor and ash from burning could speed up and grow up they plantation
They use simple method to apply in the field, by slash, collected and burn
Mostly of the community have suggestion that, to get better product burning was the 
best solution, because cheap and easy to be implemented
Best practice: managing the peat without fire for cultivation from one of the villagers. 
Instead of using an ash from the fire, he choose to add compost, fertilizer, manure, and 
limestone to the peat to increase peat nutrient content, resulted to the optimal growth of 
crops and forest trees while he can protect the peat in his area from subsidence. Among 
forest trees are jelutung, gaharu, rambutan and jackfruit. He cultivate chili, corn and 
cassava between the forest trees stand. 
In general, based on field finding, the community did not know that land preparation with 
fire is prohibited



TTumbang nusa Village

• Dominated by peat and mostly dayak people and fishing is the main job
• The people have suggestion that peatland is not good for agricultural but 

good for the trees, so that only very few person who works in the peat.
• In order to gett better performance of the planted trees, then they used 

dolomite and organic fertilizer 
• The people suffered due to 2015 fire impact and claimed that the smoke 

occured was not come from their land
• For fire prevention, now they active to establish dipwells with 100 m 

distance bewteen each other and 20 m depth



Agroforestry Jelutung nursery Sweet corn plantation

Land preparation Vegetables



Critical hydrological parameters to 
prevent devastating peat fire 

occurrences



Relationships between number of fire occurrences and precipitation (left), and with GWL at 
study area   (right), 2011 – 2012.

Time-lag between lowest GWL and lowest precipitation may indicate that peat capacity 
in absorbing and retaining water from rainwater droplets has been substantially 
decreased, suggesting that groundwater levels in the area will recover only after having 
plenty water supplies from continuous precipitation. 



Number of selected peat fires on each GWL depth, 
September 2012

Most of the fires occurred with 
GWL conditions of more than 
20 cm below the peat surface, 
but fire occurrences with GWL 
of less than 5 cm below peat 
surface may strongly suggests 
that degraded peatlands are 
very vulnerable to fires even 
under relatively moist 
conditions. 
Therefore degraded peatlands 
should be maintained in wet 
conditions with critical GWL of 
less than 5 cm below peat 
surface, to prevent the area 
from experiencing surface peat 
fires. 



Dipwel at oil palm plantation, Jambi

Monitoring point for subsidence at oil 
plam plantation, Jambi

Peat deph and protected peat area



DIPWELLS LOCATION IN JAMBI

With the support from NASA – IPB/UMCES 
Tropical Peat Fire Research Project, we 
plan to establish 37 new Dipwells (green 
dots) surrounding Sungai Buluh Protection 
Forest on Peat, Tanjung Jabung Timur
Regency, Jambi. 
These new dipwells establish to complete 
the recent 17 dipwells (white dots) that 
has been established and monitored in 
the lower part of the peat forest (green 
area), community palm oil (red area), and 
acacia plantation (yellow area). 
These dipwells will be monitored to get 
the monthly or periodically ground water 
level data (GWL)
We will analyze the GWL data to 
investigate the changing GWL in the 
respective points and explore its risk to 
the fire  



The quality of peat following
burning



PLOT
Soil physical properties

Notes
Bulkdensity (g/cm3) Porosity (%) Permeability (cm/hr)

I
Burned area 0.22 84.09 71.87 10 cm

Unburned area 0.33 76.59 56.59 10 cm

II
Burned area 0.22 84.45 62.78 10 cm

Unburned area 0.19 86.16 55.82 10 cm

III
Burned area 0.21 85.26 47.04 10 cm

Unburned area 0.15 89.34 73.25 10 cm

Soil physical & Chemical properties in burned and unburned areas at Sinar Wajo village, Jambi

PLOT
Chemical soil properties

N-Total
(%) P (%) K (ppm) Na

(ppm) Ca (ppm) Mg
(ppm)

Corg
%

pH 
H2O

I
Burned area 1.39 3613.2 14567.9 1839.5 21308.4 1141.6 31.0 6.6
Unburned 
area 0.58 179.25 148.2 135.8 724.8 437.2 52 3.2

II
Burned area 0.81 339.62 543.2 234.6 1166.8 561.7 50 3.5
Unburned 
area 0.93 273.58 160.5 160.5 815.1 456.3 54.5 3.6

III
Burned area 0.61 94.34 160.5 123.5 686.9 227.9 56.6 3.2
Unburned 
area 0.83 235.9 197.5 135.8 911.6 504.0 55.4 2.9



Soil physical & Chemical properties in burned and unburned areas at Tumbang Nusa, Central Kalimantan

PLOT
Soil physical properties

Notes
Bulkdensity (g/cm3) Porosity (%) Permeability (cm/hr)

I
Burned area 0,12 91,49 64,04 10 cm

Unburned area 0,15 89.55 53,49 10 cm

II
Burned area 0,19 86,39 38,69 10 cm

Unburned area 0,16 88,86 24,78 10 cm

III
Burned area 0,24 83,18 25,47 10 cm

Unburned area 0,17 88,01 68,62 10 cm

PLOT
Chemical soil properties

N-Total
(%) P (%) K (ppm) Na

(ppm) Ca (ppm) Mg
(ppm)

Corg
%

pH 
H2O

I
Burned area 0,68 188,7 271,6 111,1 570,9 254,4 54,95 3,7

Unburned 
area

0,91 169,8 345,7 160,5 617,3 266,6 55,1 3,3

II
Burned area 0,68 132,1 185,2 98,8 536,0 257,2 54,8 3,6

Unburned 
area

0,96 292,5 271,6 123,5 642,9 231,1 56,2 3,5

III
Burned area 0,65 94,3 308,6 172,8 787,0 307,2 56,2 3,3

Unburned 
area

1,16 103,8 123,5 86,4 364,6 314,9 56,8 3,7



No Sample code

pH
Permeability CEC

Bray I NH4OAc pH 7
BD PD TRP

H2O KCl

C-
organik

(%) N-
Total 
(%)

Water 
content

(%)

(cm/hr) me/100g

P av.
(ppm)

Ca K Mg Na

(me/100g) (g/cm3) (g/cm3) (%)

1
Dusun 

Penyengat
(Unburned)

3,4 2,39 64,39 0,41 31,28 55,18 64,98 56,19 0,21 0,02 0,02 0,03 0,35 1,28 72,8

2
Desa

Penyengat
(Burned

5,26 4,85 48,56 1,12 27,50 11,72 156,19 193,71 0,15 0,02 0,02 0,03 0,26 0,88 70,9

3
Saga 

(Unburned) 3,31 2,05 59,52 0,57 47,16 54,45 87,56 65,41 0,17 0,09 0,02 0,02 0,33 1,31 74,5

4
Saga 

(Burned) 5,61 4,92 49,29 1,20 10,61 10,03 145,45 72,11 0,16 0,05 0,03 0,03 0,24 0,92 74,0

Soil physical & Chemical properties in burned and unburned areas at Penyengat and Saga Vilage. Riau



Burned area mapping based on
satellite data



NNumber of Yearly Hotspots in Riau, Jambi and Central 
Kalimantan, 2015 – 2017*

Province Number of Hotspots 
2015 2016 2017*

Riau 2,649 1,351 153
Jambi 3,822 56 61
Central Kalimantan 8,582 306 164

Note: *: until October 2017



NNumber of Monthly Hotspots in Riau, Jambi, Central Kalimantan, 2015 – 2017*
Month Number of Hotspots 

2015 2016 2017*
January 15 56 21
February 95 81 25
March 247 378 10
April 46 275 9
May 18 45 4
June 192 24 7
July 874 99 43
August 166 313 29
September 766 30 2
October 197 46 3
November 0 0 -
December 33 4 -

Month Number of Hotspots 
2015 2016 2017*

January 22 1 10
February 0 2 4
March 1 1 6
April 3 1 0
May 34 2 2
June 146 12 7
July 308 16 13
August 684 13 12
September 1,649 6 7
October 929 1 0
November 25 0 -
December 21 1 -Month Year

2015 2016 2017*
January 4 18 0
February 3 3 12
March 0 5 0
April 0 1 1
May 7 3 0
June 5 1 3
July 69 12 6
August 997 71 9
September 3,005 111 133
October 3,986 63 0
November 454 15 -
December 52 3 -

(Riau) (Jambi)

(Central Kalimantan)



BBurnt Area at Ex-Mega Rice Project Area

(August 2015) (September, 2015)



BBurnt Area at Tanjung Jabung Timur Regency, Jambi 



BBurnt Area at Bukit Batu Sub-District, Riau 



LLocation of dipwells and subsidence plots in Pamatang Rahim and Sinar Wajo
Villages in Jambi



CCONCLUSION AND RECOMMENDATION
• formerly the indigenous people were using fire in land preparation for cultivation. 
• Severe impact from catastrophic fire episodes in 2015 has changed their perspective in using fire for land 

preparation; the villagers now are thinking twice before using fire for opening their land.
• Instead of using fire, they add topsoil, compost, fertilizer, manure, and limestone or dolomite to the peat to 

increase its nutrient content; results to the high productivity of vegetables, trees and crops grows on the peat.
• We found that 40 cm depth of groundwater level (GWL) should take into account as the critical threshold for 

preventing the peat from fires, but more fires in the shallow GWL in degraded peatlands pointed out that 
degraded peatlands should be preserve as protection areas without any peat conversion activities on it. 

• The study is strongly recommend to bring the science to the peat management practices to maintain peat 
sustainability. 

• The peat should manage wisely without any burning practice in opening and preparing the peatland, while 
maintain the groundwater level above 40 cm. 

• Lessons learned from sustain peatland management from various villagers in the research sites strongly 
indicate that any peat could be well manage without using any burning activity. 



Thank You


