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T e on lusions i en in t is report are onsidered appropriate or t e me o  its 
prepara on. T ey may e modi ed in t e li t o  urt er no led e. T e desi na-

ons employed and t e presenta on o  material in t is in orma on produ t do not 
imply t e e pression o  any opinion atsoe er on t e part o  t e ood and ri ul-
ture r ani a on o  t e nited a ons ( ) on ernin  t e le al or de elopment 
status o  any ountry, territory, ity or area or o  its aut ori es, or on ernin  t e 
delimita on o  its ron ers or oundaries.

T e men on o  spe i  ompanies or produ ts o  manu a turers, et er or not 
t ese a e een patented, does not imply t at t ese a e een endorsed or re om-
mended y  in pre eren e to ot ers o  a similar nature t at are not men oned. 
T e ie s e pressed in t is in orma on produ t are t ose o  t e aut or(s) and do 
not ne essarily re e t t e ie s o  . 

ll ri ts reser ed.  en oura es t e reprodu on and dissemina on o  material 
in t is in orma on produ t. on- ommer ial uses ill e aut ori ed ree o  ar e, 
upon re uest. eprodu on or resale or ot er ommer ial purposes, in ludin  
edu a onal purposes, may in ur ees. ppli a ons or permission to reprodu e or 
disseminate  opyri t materials, and all ueries on ernin  ri ts and li enses, 
s ould e addressed y e-mail to opyri t ao.or  or to t e ie , u lis in  oli y 
and Support Bran , e o  no led e an e, esear  and tension, , 

iale delle Terme di ara alla, 001  ome, taly.

  and etlands nterna onal, 2012



 Executive Summary 
eatlands pro ide many important e osystem ser i es, in ludin  ater re ula on, iodi ersity 
onser a on and ar on se uestra on and stora e. Be ause o  t e enormous si e o  t e peat ar on 

pool, its i  sensi ity or distur an e, t e lar e emissions rom a small land area ( i  on nue lon  
a er on ersion), and t e irtual irre ersi ility o  peat ar on losses, any urt er de rada on o  t e 
peatland resour e s ould e pre ented. eatland onser a on, restora on and e er mana ement 
are lo - an in  ruits or limate an e mi a on and limate-smart a ri ulture ( S ).

T is report in orms on mana ement and nan e op ons to a ie e emissions redu ons and en an e 
ot er ital e osystem ser i es rom peatlands.  de ision support tree uides t rou  opportuni es 
or ot  ul ated and un ul ated peatlands. Met odolo ies and data a aila le or uan yin  H  

emissions rom peatlands and or ani  soils are summari ed and pra al solu ons are i en on ernin  
measurin , repor n  and eri a on (M ) and a oun n . ountry-spe i  ase studies illustrate 
t e pro lems, solu ons and opportuni es o  peatland mana ement. T is report is a ood and oo  
or poli y ma ers, te ni al audien es and ot ers interested in peatlands.

 elements of strategic ac on
1. den y o urren e and status (pris ne, drained, a andoned, under produ e use) o  all 

peatland orld ide.
2. mpro e assessment o  reen ouse as emissions rom peatlands. mpro e met odolo ies or 

measurin , repor n  and eri yin  (M ).
. onser e all reasona ly inta t peat s amps.
. re ent urt er de rada on o  already de raded peatlands in ludin

 no urt er intensi a on o  ar ial draina e in already drained areas  
 installa on o  a ard monitorin  and mi a on s emes to a oid and restrain un ontrolled 

res and soil erosion
 no urt er e pansion o  a ri ultural pra es t at re uire draina e (s ap drained land use on 

peat, e. . oil palm and pulp ood planta ons, to mineral soils and apply paludi ulture)  and
 no urt er un ontrolled sele e nor ille al lo in .

. estore de raded peatlands y re e n , re oresta on (in t e tropi s) and su se uent 
onser a on and or paludi ulture. estora on o  peatlands redu es emissions, impro es ater 

re ula on, ene ts iodi ersity and opens ot er in ome op ons.
. Tar et nan ial resour es to peatland onser a on, restora on and e er mana ement.
. S mulate and apply e is n  and de elopin  limate nan in  me anisms on t e omplian e 

mar et ( yoto roto ol, , M s), t e oluntary mar et (pri ate se tor in estment in 
peatland re a ilita on) and rom ot er sour es.

. Support lo al ommuni es at t e earliest sta e and s mulate ommunity de elopment to 
o er ome t eir opportunity osts and dependen e on unsustaina le peatland use. 

. nsure t at H  riteria are inte rated in redi le er a on and su sidy s emes or produ ts 
t at are deri ed rom drained peatlands, in ludin  io uels, palm oil, pulp ood, and ot er 
produ ts rom a ri ulture, or ulture and orestry. a  ountry t at imports su  produ ts 
s ould re ie  domes  poli ies or t is. 

10. S are e perien es and e per se on peatland onser a on, restora on and e er mana ement 
amon  ountries ri  in peatlands and or ani  soils  espe ially it  t ose in need o  apa ity 

uildin . 

T is report pro ides uidan e or t ese a ons.
 
T e main strate ies are

 Se ure undrained peatlands to pre ent emissions. 
 e et drained peatlands to redu e emissions.
 dapt mana ement o  peatlands t at annot e re e ed.
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 Abbreviations
cron m e ni on

s ssigned mount nits 
  nits issued to industriali ed ountries under t e yoto roto ol in an amount 

e ual to t e aps t ey assumed.

nnex  nnex  to t e F
  ndustriali ed ountries are listed in nne   to t e  to di eren ate 

o li a ons t ese ountries a e under t e  rom t ose o  de elopin  
ountries. Most o  t e nne   ountries also a reed to indin  aps under t e 
yoto roto ol.

P ommon gricultural Polic
  poli y on su sidies or t e a ri ulture se tor. 

 lean e elo ment ec anism
  Me anism reated under t e yoto roto ol to nan e limate mi a on 

proje ts in de elopin  ountries ia rea n  Rs.

Rs  er ed mission Reduc ons
  sets reated y M proje ts t at an e used y industriali ed ountries to 

meet t eir emission redu on ommitments under t e yoto roto ol. 

 ro land anagement
  Type o  a i es t at a ountry an oose to in lude in t eir L L  a oun n  

under t e yoto roto ol. 

P  onference of t e Par es ser ing as t e ee ng of t e Par es
 T e annual  on eren e and de ision ma in  ody or t e yoto roto ol. 

P onference of t e Par es
 T e annual  on eren e and de ision ma in  ody or t e . 

 limate mart griculture

PP onser a on of ndrained or Par all  drained Peatland
  S proje t ate ory t at ould o er e. . a i es to prote t a peatland rom 

ein  drained.

 omes c se ng
 Me anism to reate domes  o sets in t e  under t e  TS.

R s mission Reduc on nits
  set redits reated y J  proje ts t at an e used y industriali ed ountries 

to meet t eir emission redu on ommitments under t e yoto roto ol. R s 
are reated y eit er on er n  an  or RM  into an R .

 uro ean nion

  uro ean missions rading c eme
 missions tradin  s eme esta lis ed in t e .

J



FM Forest Management
  i es t at in ol e t e mana ement o  orests. T is ould in lude a i es 

su  as an in  t e lo in  rota on in a orest to in rease t e a era e ar on 
sto  stored in t e orest.

F reen limate Fund
  limate und and  nan ial me anism re ently esta lis ed under t e 

 to nan e limate mi a on and adapta on.

F lo al n ironmental Facilit
  a ility to pro ide nan e under  and ot er en ironmental trea es 

( on en on on Biolo i al i ersity,  on en on to om at eser a on, 
and Sto olm on en on on ersistent r ani  ollutants).

GHG Greenhouse gas
  T e si  reen ouse ases listed in t e yoto roto ol are ar on dio ide 

( 2), Met ane ( H4), itrous o ide ( 2 ), Hydro uoro ar ons (H s), 
er uoro ar ons ( s) Sulp ur e a uoride (S 6).

GM Grazing land Management
  Type o  a i es t at a ountry an oose to in lude in t eir L L  a oun n  

under t e yoto roto ol. 

 oint m lementa on
  Me anism reated under t e yoto roto ol to nan e limate mi a on 

proje ts in industriali ed ountries ia t e rea on o  R s.

P oto Protocol

F and use  land-use change and forestr
  n um rella term t at o ers a ran e o  di erent types o  a i es a e n  

land and land use, su  as M, M et . 

MR  Measuring  Re or ng and eri ca on

M s a onall  a ro riate mi ga on ac ons
  ons underta en in de elopin  ountries to mi ate limate an e under 

t e .

Ps a onal da ta on Plans
  a onal plans de elopin  ountries are to de elop to support adapta on to 

limate an e.

on- nnex  e elo ing countries
 See e plana on o  nne  .

PR  Peatland Re e ng and onser a on
  S proje t ate ory t at sets rules on a oun n  or emission redu ons or 

remo als or R  proje ts.

R P Re e ng of rained Peatland
 roje ts t at re- et drained peat, e. . y dammin  draina e anals.

R   Reducing missions from eforesta on and Forest egrada on, onser a on 
o  orest ar on sto s, sustaina le mana ement o  orests, and en an ement 
o  orest ar on sto s. Topi  ein  ne o ated under t e .

K



RM s Remo al nits
  nits t at are issued y nne   ountries i  t ey enerate net remo als rom 

t eir L L  a oun n  under t e yoto roto ol.

F  nited a ons Frame or  on en on on limate hange

 eri ed ar on tandard
 oluntary mar et standard used to uan y emission redu ons or remo als.

R etland rainage and Re e ng
  Type o  a i es t at a ountry an oose to in lude in t eir L L  a oun n  

under t e yoto roto ol. 

L





oi e lateau, t e i est peatland in t e Ti etan lateau it  t e al tude 
o  00 m, ere e o-tourism as een de eloped y lo al ommuni es. 

oto  u in
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lt ou  t e majority o  peatlands are s ll in a natural state, many peatlands are drained and de raded. 
T ey a e een used or enturies y umans or produ e purposes su  as a ri ulture, orestry, 

ra in  and peat minin . n ludin  emissions rom peat res, t e 2 emissions rom drained peatlands 
lo ally amount to some 2 i atonnes per year (Joosten, 200 a) and urrently represent almost 2  o  

t e 2 emissions o  t e en re land use, land use an e and orestry se tor (L L ) ( anadell, 2011). 
nli e t e emissions onne ted to orest learan e, i  are lar ely instantaneous, t e emissions 

rom drained peatlands on nue or de ades and e en enturies, i.e. as lon  as t e peatland remains 
drained and t e peat eeps o idi in . By onser a on, restora on and e er mana ement or ani  
soils and peatlands an ma e a su stan al ontri u on to redu in  atmosp eri  reen ouse as ( H ) 
on entra ons ile simultaneously pro idin  ot er ital en ironmental ser i es and ontri u n  to 
ood se urity and po erty redu on.

T is report aims to pro ide ountries ri  in peatlands and or ani  soils it  in orma on on in en es 
to redu e emissions and en an e o- ene ts, t at e ist and de elop in t e omplian e mar et, t e 
oluntary mar et and ot er me anisms. T e report in orms on t e met odolo i al uidan e and data 

a aila le or uan yin  H  emissions rom or ani  soils and pro ides pra al solu ons to a enuate 
possi le on erns o  ountries or te ni al ompli a ons it  respe t to MR  and a oun n  pro lems. 
T e in orma on in t is report as rou t to et er y a team o  e pert aut ors rom etlands 
nterna onal, t e  Mi a on o  limate an e in ri ulture (M ) pro ramme, rei s ald 
ni ersity, limate o us, TL S n ironmental La  d isory and Mi ael Su o  ounda on o 
a e ontri uted to di erent apters o  t e report. T is report is a rst ersion to i  e ould 
el ome any eed a  or input.

ordin  to nter o ernmental anel on limate an e ( ) ourt  assessment report R4, 14  
o  t e lo al H  emissions are aused y a ri ulture. urt er 1   o  emissions ome rom land use 

an e leadin  to land use systems t at ontain less ar on t an t e natural e osystem. t is t ere ore 
unrealis  to t in  t at dan erous armin  an e a oided it out t e land ased se tors ontri u n  
to mi a on. Main land use an es are dri en y a ri ulture an in  orests to ra in  lands and 
ul ated elds and rasslands to ul ated elds and y esta lis in  io uels planta ons on natural 
orests. T e uman demand or ener y, i  is in many de elopin  areas ased on ood, urt er 

leads to orest de rada on. 

n order or t e land use se tor to ontri ute to t e lo al e ort to mi ate limate an e, t ree 
a ons need to e ta en  

1. a oid ne  emissions rom land use an e and onse uent land use, 
2. impro e mana ement pra es to redu e emissions rom e is n  produ on systems and 

. se uester ar on t rou  impro ed land use and mana ement. 

To a ie e t is it is ne essary to iden y t e areas ere redu in  emissions rom land use is most 
e e e, so- alled otspots, ile ade uately onsiderin  ot er important so ietal oals in ludin  
ood se urity and maintenan e o  ital en ironmental ser i es (see Bo  1). Rea in  ood se urity or 

all is one o  t e main oals o  t e lo al ommunity, na onal o ernments and indi idual ouse olds. 
ood se urity is a undamental uman ri t and a prere uisite to pea e ul de elopment. Sin e limate 

an e ill a e t all e osystems o  t e orld in ludin  ood produ on systems, uildin  o  resilien e 
and adapta on to an in  temperatures and rain all pa erns and uan es into land use and 
mana ement de isions ill e ne essary.  lo al temperature in reases y more t an 2 de rees it 

ill e ery di ult to se ure enou  ood or t e lo al popula on, i  is proje ted to in rease to 
 illion people y 20 0 e ore sta ili in . 

e need to o us on emission otspots su  as peatlands and or ani  soils to re erse t e trend o  H  
emissions and to impede urt er dan erous limate an e. eatlands and or ani  soils o er only   
o  t e land area ut ontain 0  o  t e soil ar on ( aris  et al., 200 ).  peatlands only some 
1   are ta en into uman use and drained or a ri ulture, li esto  rearin  and orestry in ludin  

io-ener y (oil palm) planta ons (Joosten, 200 a). T ese drained peatlands, on 0.  o  t e orld s 
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land o er, emit, o e er, almost 6  o  t e lo al 2 emissions (Joosten, 200 a). r ani  soils are 
pre alent in many a ro-e olo i al ones and e osystems and s ould e iden ed in order to esta lis  
suita le mana ement pro rammes.

T e o ious rst oi e is to onser e peatlands in t eir undrained state. eatland onser a on ill 
e one o  t e most ost-e e e ays to stop in reasin  emissions. T e limited areas and u e ar on 

sto s in ol ed ma e t is a sel -e ident strate y i  ould ene t rom a lo al o used pro ramme 
to t at end. ere natural peatlands a e to e on erted to produ e use, land use op ons t at are 
ompa le it  et ondi ons, t e so alled paludi ultures, s ould e de eloped and implemented. 

eatlands t at are urrently used or drained a ri ulture or orestry s ould e re e ed. Re e n  ill 
o en e easily easi le in areas ere peatlands are already a andoned due to se ere de rada on 
or ere produ ity is lo . T ere are already ood e amples ere rea e t in in , uildin  on 
tradi onal no led e and ne  s ien e ill i e opportuni es or de elopin  sustaina le li eli oods 
rom re e ed peatland e osystems. T ese ill in lude paludi ultures, o  i  t e spe trum o  

possi ili es s ll as to e e plored, ut also en ompass di ersi a on o  in ome sour es su  as 
payments or e osystem ser i es and limate an e mi a on undin  om ined it  tourism 
de elopment.

T e emissions rom drained peatlands are o  lo al si ni an e and ons tute in a num er o  ountries 
a major part o  na onal H  emissions. T ere ore more sustaina le and less arm ul mana ement 
pra es a e to e implemented in areas t at a e to e ept in produ e use or a ri ulture, 
li esto  and orestry. t is essen al to iden y mana ement op ons to minimi e emissions, in ludin  

re ontrol. Hi  ater ta les are essen al to redu e emissions rom ul ated and planted areas. 
ood pra e uidelines s ould e de eloped or di erent a ro-e olo i al ones and produ on 

systems. Redu ed emissions t rou  ood pra es ould uali y as a pra e ased mi a on a on.

apter 2 o  t is report pro ides an o er ie  o  t e most e e e strate ies to ards redu in  
emissions rom or ani  soils a ordin  to t e draina e ondi on t ey are in, i  is stron ly asso iated 

it  e osystem ser i es pro ided and en ironmental pro lems ins ated. T is apter dis usses 
mana ement pra es to a oid or mi ate t ese ne a e e e ts. or peatlands under produ e 
use e pro ide uidan e o  to in rease t e sustaina ility o  land use and present t e opportuni es, 

ene ts and trade-o s o  an in  mana ement. apter  in orms on t e nan e op ons to redu e 
emissions and en an e o- ene ts t rou  peatland onser a on, restora on and sustaina le use, 
as t ey e ist and de elop in t e omplian e mar et, t e oluntary mar et and ot er me anisms. 

apter 4 dis usses a aila le met odolo i al uidan e and data a aila le or uan yin  reen ouse 
as emissions rom or ani  soils and pro ides a aila le and pra al solu ons or possi le on erns 
it  re ard to a oun n  and MR . T e nal apter  rin s e emplary appli a on or ey ountries 

to t e a en on o  poli y ma ers, te ni al audien es and eyond.
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Box  cos stem ser ices of eatlands  the Ruoergai Plateau hina

T e e tensi e Ruoer ai ( oi e) peatlands on t e Ti etan lateau are major inter a es et een 
t e Ti etan uplands and t e i  lo land ri ers. rom early mes, t e peatlands a ted li e 
spon es  t ey a sor ed and retained ater durin  periods o  lar e ater supply and slo ly 
released it in mes o  ater de it. n t is ay t ey slo ed do n pea  dis ar e, pre ented 
erosion, redu ed do nstream oodin , and uaranteed a steady ater supply to t e Huan e 
( ello ) Ri er. Millions o  people are dependant o  t e Huan e s ater. 

T e introdu on o  a le ra in  000 years a o an ed t e ara ter o  t e peatlands i  
e ame more sus ep le to erosion (Joosten et al., 200 ). Simultaneously a omple  system 

o  land mana ement de eloped as part o  a uni ue ultural erita e t at in luded t e s arin  
o  ra in  lands and t eir rota onal use. Lon  e ore re ent intensi a on, ra in  ad t us 
made t e peatlands ulnera le to de rada on (S umann et al., 2008). 

it  t e onstru on o  roads in t e 1 0s and t e risin  demand or ood, uel and 
ran eland, de rada on in reased drama ally. er ra in  and t e resul n  de rease in 
pasture uality uelled t e demand or ne  ran eland. T is led to in reased pressure on 
undrained peatlands ( iener et al., 200 , an  et al., 2006  ao et al., 200 ) o  i  almost 

0  ere drained ( an , 2000). n order to in rease mil  and meat produ on, tradi onal 
us andry as repla ed y a more mar et-oriented e onomy. olle e li esto  and pastures 
ere di ided and allo ated to indi idual ouse olds ( an and u 200 ). s a result li esto  

num ers in reased drama ally (Li et al., 1 86  Lon  and Ma 1 ).

urin  t e last ourty years t e area o  de raded peatlands as almost dou led and less 
t an 20  o  t e peatland remains o  ood uality in t e Ruoer ai lateau (S umann et al., 
2008). T e de rada on auses se ere e olo i  and so io-e onomi  pro lems. n order to 
re o er peatland un ons and ser i es, etlands nterna onal ina arried out arious pilot 
proje ts it  nan ial support o  -  (1 -200 ), t e lo al eat ni a e (2002-
200 ), -  (200 -2006) and t e - ina Biodi ersity ro ramme (200 -2010) ( an  
et al., 2012). eatland restora on y dit  lo in  started in 2004 in Ruoer ai and Hon yan  
oun es (Si uan ro in e) and e tended to Ma u and Lu u, ( ansu ro in e). n 200  and 

2010 t e ro in ial eople s on resses o  ansu and Si uan appro ed etland onser a on 
Re ula ons t at pro i it draina e, peat minin  and re lama on o  peatlands. T e Si uan 
Re ula on e pli itly en oura es lo al people and or ani a ons to in ol e in peatland 
restora on and allo ates 0.   o  its yearly ud et to peatland restora on. Lo al o ernments 
de eloped pro rammes to ontrol erosion and to redu e sto  num ers to ensure a more 
sustaina le use o  resour es (S umann et al., 2012).

T e Ruoer ai e ample s o s o  ise mana ement an ser e mul ple oals. urrently t e 
peatlands pro ide irrepla ea le ra in  round or t ousands o  ya s, orses and s eep t at 
are t e li eli ood o  Ti etan erder amilies and pro ide ina it  mil  and meat. By eepin  

round ater le els i , t e peatlands maintain t e produ ity o  upland ran elands. By 
redu in  t e speed o  ater o , t e peatlands retain sediments and supply ell- ltered 

ater o  ood uality. T e peatlands urt ermore ontain, it  an es mated ar on ontent o  
0 Mt (Björ , 1 ), a major part o  t e inese peat ar on resour es, and are important or 

iodi ersity onser a on it  numerous endan ered and endemi  spe ies (Tsuyu a i et al., 
1 0  stam, 1  S aller, 1 8).
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T e Ruoer ai peatland pastures on t e Ti etan lateau  a major mil  and meat produ in  area in ina. 
oto  Mar n S umann

T e Ruoer ai peatland pastures on t e Ti etan lateau are major inter a es et een t e Ti etan uplands and 
t e i  lo land ri ers. 
oto  Mar n S umann
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T e Ruoer ai peatlands on t e Ti etan lateau are ru ial or re ula n  ater supply to t e lo land ello  
Ri er asin. ( ater resour e e tlas, S0  Huan  He ( ello  Ri er),  

p eart trends. ri.or pd li rary maps aters eds as10.pd )
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Figure 1. e ision support tree or mana ement o  peatlands or ani  soils
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 2. Implementation
Hans oosten  Rene ommain  ndreas Ha erl  an Peters  Marcel il ius  endelin ichtmann

eatland draina e - mainly or a ri ulture, ra in  and orestry - is asso iated it  many en ironmental 
pro lems ( apter 2, Bo  2  su siden e) t at e entually may destroy t e peatland su sisten e ase. 
T is apter dis usses mana ement pra es t at an a oid or mi ate t ese ne a e e e ts. T e 
ey mana ement op ons ( . de ision support tree, ( i . 1 see pa e 8) ), ot  or ul ated and 

un ul ated peatlands, an e summari ed as

1. eep et peatlands et
2. Re et drained peatlands

. dapt mana ement ere peatland annot e re e ed.

1) T is de ision tree uides t rou  t e do ument.
2) r ani  soils (  peat soils) are soils it  a su stan al layer o  or ani  ma er at or near t e sur a e 

) lmost all ountries o  t e orld a e or ani  soils.  you are not ompletely sure, oose .
4) apter 4.1 su ests data sour es and data suppliers it  respe t to or ani  soils in your ountry.

) T e draina e ondi on o  or ani  soils is stron ly asso iated it  t e e osystem ser i es pro ided 
and en ironmental pro lems ins ated (see elo ). 
6) et or ani  soils are inundated or saturated y ater or all or part o  t e year to t e e tent t at 
t e pre ailin  soil iota and rooted plants are adapted to anaero i  ondi ons. et or ani  soils retain 
ar on and emit met ane. orld ide, most et or ani  soils are not in produ e use (see 8). 
) rained or ani  soils are or ani  soils t at are not et  (see 6). T ey are su je t to in erent 

de rada on (see i . 2 and Bo  2), loose ar on and emit ar on dio ide (and o en nitrous o ide). 
Most or ani  soils used or a ri ulture, ra in  or orestry are drained. 
8) n land under produ e use , mana ement ( or retrie in  ood, eed, er or uel) ontrols t e 
omposi on and olume o  t e standin  iomass. 
) r ani  soils an e used produ ely it out draina e in so alled paludi ultures . Re e n  o  

drained de raded soils may reinstall produ ity and de rease en ironmental pro lems.
10) on nua on o  produ e use on drained or ani  soils ine ita ly leads to loss o  produ ity on 
t e lon  run. raina e re uirin  land use s ould - ene er possi le - e s apped to mineral soils.
11)  land s ap is not easi le, mana ement must e adapted to mi ate en ironmental pro lems and 
to e tent land produ ity as lon  as possi le.
12) rained and a andoned or ani  soils it out proper mana ement are prone to un ontrolled re 
e ents and soil erosion. t is re ommenda le to install a a ard monitorin  and mi a on s eme.

Figure 2. T e i ious lo s o  drained peatland u li a on
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Box 2  u sidence

ne o  t e ey issues related to peatland de rada on is su siden e, i  results rom peat 
o ida on, s rin a e and ompa on ( ndriesse, 1 88  radjad, 200  S ot orst, 1  

ou en er  et al., 2010  Hooijer et al., 2012). ni al su siden e in ne ly drained areas is 
mainly aused y ompa on and an e more t an 0 m yr-1, dependin  on draina e le el 
and type and dept  o  t e peat. er a e  years, o ida on e omes t e main a tor ausin  
up to 0  o  t e su siden e (Step ens et al., 1 84  Hooijer et al., 2012). 

Most oastal peatlands a e ori inated t ousands o  years a o en t e sea ater le el as 
mu  lo er t an at present and a e ro n up it  t e risin  sea ater le el. s a result t eir 

asal peat layers lay mostly (some mes deep) elo  t e urrent sea le el. n su  peatlands 
su siden e ill render ra ity draina e impossi le en t e land sur a e as su sided to near 
or elo  sea or ri er le el. T e asso iated loss o  a ita le and produ e land an only e 
a oided y installin  pump-operated draina e, i , o e er, re uires si ni ant in estment 
in di es and pumpin  apa ity. n t e et erlands (t e Lo  Lands ) on nuous (pump-
operated) drainin  as resulted in almost al  o  t e ountry lyin  urrently se eral meters 

elo  sea le el. Similar pro lems are no n rom arious parts o  t e orld. 

n Sout -east sia t e deep draina e re uired or ommon land use (i.e. oil palm, a ia pulp 
ood, Mie nen et al., 2012 ) it  onse uent i  o ida on rates (Hooijer et al. 2012, 

Jau iainen et al., 2012) is e pe ted to result it in se eral de ades in serious oods due to 
su siden e. n tropi al limates it  o er 2000 mm o  annual pre ipita on pump operated 
draina e ill not e easi le or t e millions o  e tares o  oastal peatlands under ul a on in 
Sumatra and Borneo ( urrently .1 M a, proje ted 6 to  M a y 2020  Mie nen et al., 2012 ). 
n Sara a , ere most oastal peat s amps a e een allo ated or oil palm planta on 

de elopment, su siden e may o er me lead to t e loss o  o er 10  o  t e en re land area. n 
addi on, redu ed steady res ater supply rom de orested and drained inland peat s amps 
ma es oastal mineral soil areas more ulnera le or drou t and salt ater intrusion and 
redu es t e easi ility o  a ri ulture in t ese areas i  o en a e a id sulp ate soils (Sil ius 
et al., 2000). Sea le el rise ill ampli y t e ris  o  oodin  ( ru  et al., 2007). 

ile drained peatland use in t e s ort term may reap si ni ant e onomi  pro ts, its 
in erent unsustaina ility may in t e lon er term a e se ere so io-e onomi  onse uen es, 
not only in rela on to t eir 
dispropor onately lar e 
ontri u on to limate 

an e. oli y ma ers 
stand or t e oi e 

et een t e on nua on 
o  unsustaina le peat 
s amp de elopment 

it  s ort-term 
e onomi  ene ts, or t e 
onser a on, restora on 

and non-draina e land-use 
op ons t at ill pro ide 
lon -term sustaina le 

ene ts or t e lo al 
ommuni es, t e ountry 

and t e orld at lar e.

reparin  seedlin s or re oresta on o  drained and de orested tropi al peat s amp ( entral alimantan, ndonesia).  
oto  Hans Joosten
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2.1. ee  et eatlands et  conser a on

T e natural ondi on o  peatlands is t at t eir soils are (almost) permanently et. nly t is et 
ondi on allo s t e a umula on and maintenan e o  t e enormous sto s o  soil or ani  ar on 

t at e all peat.

T e most o ious op on or pre en n  en ironmental pro lems asso iated it  peatland draina e 
is to re rain ompletely rom usin  peatlands or ul a on ( onser a on ). onser a on does not 
mean t at su  peatlands a e no alue or purpose. ndeed undrained peatlands pro ide a mul tude 
o  alua le e osystem ser i es ot  to indi idual onsumers and to so iety (Joosten and lar e, 2002). 

onser a on o  undrained peatlands is purpose ul, as inta t e osystems are ept inta t it out t e 
ne essity o  e pensi e in estments or (o en unsu ess ul) repair. onser a on is also o en a ery 
ost-e e e mana ement op on.

e e onser a on is, o e er, ampered y many par es a in  insu ient no led e o  t e 
alue o  peatland en ironmental ser i es ( ar on stora e ein  an important one) and o  peatland 

o urren e and distri u on in t eir ountry. Mappin  o  peatland is espe ially ur ent in t e tropi s 
and su tropi s to a oid un ontrolled and possi ly i ly ne a e de elopments. Su ess ul peatland 
onser a on t us re uires t at e rapidly art t e peatland ite spots on t e map to pre ent t em 
rom e omin  ne  emission otspots.  reasona le o er ie  o  major peatlands o urren es in t e 
orld ide tropi s an rapidly ( it in one year) and eaply (less t an 1 million dollar) e rea ed it  

modern remote sensin  te ni ues, ompila on o  dispersed literature and limited round trut in  
(see apter  on o Basin and ma on Basin). 

T e limited su ess o  restora on a i es - espe ially in t e tropi s - demonstrates t at mu  dama e 
done to peatlands is irre ersi le. T us onser a on o  t e remainin  peatlands in t eir natural state is 
t e est mi a on op on leadin  to a oidan e o  lo ally si ni ant emissions t rou  o ida on and 
peat res.

undin  o  onser a on t rou  limate nan in  me anisms only is, o e er, pro lema . T e 
s ort term ains rom on ersion o  peatlands to - or e ample - oil palm ul a on annot e mat ed 

y ar on redits. T e lon  term osts to so iety o  land de rada on and loss and o  i  emissions 
are, o e er, solid ra onal or onser in  remainin  undrained peatlands. Hen e ountries ill a e 
to o er t e s ort term opportunity osts t emsel es y annin  su  planta ons or ensurin  t e 
lon -term ene t o  t e e osystem ser i es. ossi ly ot er nan in  me anisms rom de elopment 
or se toral and pri ate se tor undin  an pro ide an a ra e in- in o  limate an e mi a on 
lin ed to se urin  li eli oods and ne  - sustaina le - in ome op ons or lo al people.

2.2. ee  et eatlands et  aludiculture

raina e ased peatland u li a on auses peat o ida on, soil su siden e, nutrient losses to round- 
and sur a e aters, reen ouse as emissions ( i tmann and i mann, 2011) as ell as peatland 

res and a e ( ou en er  et al., 2010). Se eral o  t ese pro esses destroy in t e lon  run t e 
su sisten e ase o  produ e use. 

eepin  or ma in  peatlands et pre ents and redu es t ese en ironmental impa ts, ut implies t at 
t e area is lost or standard a ri ultural use. eatlands a e een and are on erted to a ri ulture or 
orestry. Most o  t is land use is ara teri ed y intensi e draina e, sin e most on en onal ul ated 

plants re uire lo  ater ta les and ea y ma inery as not adapted to ater lo ed ondi ons. 
Mean ile, o e er, more and more land mana ement and rop pro essin  te nolo ies a e een 
de eloped t at remo e t ese o lene s. 

aludi ultures (La n palus   s amp) are land mana ement te ni ues t at use iomass rom et 
and re e ed peatlands under ondi ons t at maintain t e peat ody, a ilitate peat a umula on 
and pro ide t e e osystem ser i es asso iated it  natural peatlands. aludi ultures allo  to stop 
peat o ida on and simultaneously to pro ide sustaina le ar ests rom peatlands. aludi ultures use 
only t at part o  net primary produ on t at is dispensa le or peat orma on. n t e temperate, 
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su tropi al, and tropi al ones, i.e. t ose ones o  t e orld ere plant produ ity is i , peat 
is enerally ormed y elo round roots and r i omes and peatlands y nature old e eta on o  

i  a o e round parts an e (sele ely ) ar ested it out su stan ally armin  peat orma on 
( i tmann and Joosten, 2007). 

aludi ultures omprise any iomass use rom et and re e ed peatlands, rom ar es n  
spontaneous e eta on on natural sites to ar ially esta lis ed rops on re e ed sites (Joosten et 
al., 2012). aludi ultures, t us, may a e a dou le posi e limate an e mi a on e e t  t ey a oid 

reen ouse as emissions ( y pre en n  peatlands ein  drained or y re e n  drained peatlands) 
and t e iomass produ ed may repla e ossil ra  materials and ossil uels ( i tmann and Joosten, 
2007). Besides or ood, eed, er, and dire t om us on, t e iomass rom paludi ulture an e used 
as a ra  material or industrial io emistry, or produ in  i  uality li uid or aseous io uels and 
or synt esi in  p arma eu als and osme s (Joosten et al., 2012).  

n o ious paludi ulture pra e is olle on or dire t onsump on. n t e oreal one o  urasia a 
ide ariety o  ild edi le erries (Vaccinium, Empetrum, Rubus, Ribes) and mus rooms are at ered 

or ood and itamins (Joosten and lar e, 2002). n Russia and Belarus t ese pro ision ser i es a e 
een major jus a ons or prote n  and restorin  mires. n ot er parts o  t e orld a ariety o  

plants or uman nutri on or medi al use are olle ted rom et peatlands, su  as ild (so- alled 
oa n ) ri e ( ) ( ort  meri a), o  ean (Menyanthes trifoliata), alamus (Acorus 

calamus), and u alo ras (Hierochloe odorata) ( urope) or sa o palm (Metroxylon sagu) ( ndonesia, 
Malaysia) (Joosten and lar e, 2002  Joosten et al., 2012). t er tradi onal lo  intensity or so  uses 
in lude un n  and s in  ( i tmann, 2011). spe ially in tropi al peat s amp orests s eries is 
a major e onomi  a ity and a ua ulture o  indi enous s  spe ies an e an a ra e land-use 
op on and e onomi  in en e or lo al ommuni es in areas ere many draina e anals are to e 

lo ed or ydrolo i al restora on.

n re ent years arious op ons or site adapted land use on et and re e ed peatlands a e een 
de eloped and tested ( i tmann and Tanne er er, 2011  Ta le 1). Some o  t em re itali e tradi onal 
orms o  land use t rou  ne  u li a on s emes, e. . reed u n  or ne  de eloped onstru on 

materials li e insula on panels. t ers, su  as io uels, pro ide inno a e produ ts or ro in  
mar et demands. 

T e paludi ully  etland ar ester or mo in , opperin  and at erin  reed rom et peatlands. 
oto  Hans Joosten
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Re e n  as a pre ondi on or paludi ultures on erts drained peatlands into peat ormin  e osystems, 
e en i  peat orma on is a ery slo  pro ess, and t us into sin s or ar on and nutrients and lters o  

ater (Trepel, 2010a,  ross ans et al., 2011). Re e n  redu es H  emissions rom peat o ida on 
and peat res su stan ally ( ou en er  et al., 2011  aris  et al., 2008).

en used or ost-e e e iomass produ on, t e et land use o  peatlands or ul a on auses 
lo er H  mi a on osts t an many ot er io-ener y op ons (S er, 2012). or re e ed sites, 
t e sale o  ar on redits  rom emission redu ons y re e n  ( Sulli an and mmer, 2011) an 
pro ide in ome in addi on to t e earnin s rom t e iomass produ on or ener y itsel . aludi ultures 
may urt ermore pro ide sustaina le in ome to rural li eli oods rom primary produ on on sites t at 

ere a andoned or ere a su sidy-oriented, en ironmentally dama in  land use too  pla e, su  as 
in urope. n t e temperate one, autumn and inter ar est leads to more onsistent employment 
t rou out t e year, ereas iomass pro essin  may reate net added alue and enerate addi onal 
jo s. aludi ultures an ontri ute to ener y autonomy and elp re ional e onomies, also y impro in  
perspe es or (e o)tourism (Joosten et al., 2012).

2.  Re e ng and restora on of drained eatlands

on en onal peatland u li a on re uires a lo erin  o  t e ater ta le. s peat lar ely onsists o  
ater, peatland draina e leads to su siden e and ompa on o  t e peat. onse uently, t e ydrauli  

proper es o  t e peat an e, i  may de rease t e peatland s apa i es or ater stora e  
and re ula on. eatland draina e leads to o ida on o  t e peat layers t at are no lon er saturated 

it  ater. rained peatland onse uently loses - dependin  on t e limate - some millimeters up  
to se eral en meters o  peat per year. T ese losses are a elerated y addi on o  lime, er li ers  
and las  material, y ater and ind erosion and y (su sur a e ) peat res. T e resul n  lo erin  
o  t e peatland sur a e ne essitates a on nuous deepenin  o  t e draina e dit es, i  a ain 
en an es peat o ida on, sur a e lo erin , dit  deepenin ,  t e i ious ir le o  peatland u li a on  
( i ure 2). 

eat o ida on leads to in reased emissions o  reen ouse asses ( 2 and 2 ) and nitrate ( i  
may o er- er li e adja ent sur a e aters). ar ularly in drier limates, ater le el u tua ons ause 
t e orma on o  peat ssures, i  impede up ard ( apillary) ater o  and lead to re uent and 
deeper dryin  out o  t e soil. T rou  a ity o  soil or anisms, drained peat soils e ome loosened 
and ne- rained and may e entually e ome totally ater repellent. ll t ese pro esses ne a ely 
a e t

Bog (oligotrophic)
Fen (oligo- eutrophic)
Fen (polytrophic)

Fen (polytrophic)

Fen (eutrophic - polytrophic, base rich)

Fen (oligotrophic - polytrophic, base rich)

Fen (polytrophic)

Sphagnum sp.
lnus glu nosa

Phragmites australis

Typha la olia

Phalaris arundinacea

Carex sp.

Glyceria maxima

gro ing media
urniture, m er, uel

animal odder (in and ex situ), 
roo ng material, orm odies, 
paper, chemicals, uel (direct 
com us on, pellets, ermenta on)
insula on and construc on 
materials, uel (direct com us on, 
ermenta on)
odder (in and ex situ), uel (direct 

com us on, pellets, ermenta on)
sta le li er, uel (direct com us-

on, pellets, ermenta on)
odder (in and ex situ), energy 

(direct com us on, pellets, 
ermenta on)

Table 1. xamples o  paludicultures tested in Central urope (a er el et al., 2011)

Peatland type Plant species lisa on
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 ood control, leading to ooding do nstream
 ater storage capacity, decreasing the regular supply o  drin ing and irriga on ater  
 agricultural produc on capacity
 car on storage and climate change mi ga on capacity  
 iodi ersity  and 
 the use o  peatlands or recrea on, hun ng and gathering.

Re e ng o  peatlands has the highest priority or addressing peatland degrada on and iodi ersity 
loss and or mi ga ng C 2 emissions rom peat oxida on and peatland res (Parish et al., 2008).

The re e ng o  drained peatland in ol es the par al or en re re ersal o  ormer anthropogenic 
drainage y ele a ng the a erage annual ater ta le. The major aim is to achie e permanent ater 
satura on o  the en re peat ody y raising the ater ta le to close to or a o e the peat sur ace and 

y reducing the amplitude o  ater le el uctua ons.  easi le, deep and permanent ooding should 
e a oided, ecause deep ater is di cult to e coloni ed y emergent egeta on. Temporary pools 

and ooding can, on the other hand, also sta ili e ater le els (large storage capacity), such as in 
tropical peat s amps ( ommain et al., 2010). Re e ng is achie ed y reducing ater losses rom the 
site ( y decreasing sur cial drainage, sur ace runo , su -sur ace seepage, ground ater extrac on, and 
e apotranspira on) and y - here rele ant - increasing ater supply rom the catchment. 

There is no uni ersal strategy to re et drained peatlands as condi ons di er idely. The most important 
technical criteria or re e ng are

Box  Paludiculture in ndonesia

Thus ar no true paludicultures ha e een esta lished in Southeast- sia. Ho e er, during 
the past ten years numerous re oresta on trials on degraded peatland ha e een de eloped. 
These trials also use trees that pro ide alua le non- m er orest products ( T P).  popular 
species o en planted in re oresta on a empts is Jelutung (Dyera sp.), a latex producing tree. 
The largest Jelutung planta on as esta lished y PT. yera Hutan Lestari in Sumatra. This 
company planted o er 2000 ha and started tapping o  Dyera latex (Muu  1 6). Sadly the 
planta on urnt do n due to escala ng res rom adjacent areas (Giesen & an der Meer 
200 ). etlands nterna onal- ndonesia Programme also planted Jelutung trees in peatland 
reha ilita on projects in Sumatra and alimantan. ther typically planted species are alua le 
hard ood m ers such as Belangiran (Shorea balangeran) or Ramin (Gonystylus bancanus). 

These and other peat s amp m ers ha e the poten al to e commercially planted on 
re e ed peatland. Moreo er, pioneer species that dominate a er distur ance such as Alstonia 
pneumatophora, Combretocarpus rotundatus and Macaranga pruinosa are possi le surrogates 
to exo c Acacia species in the produc on o  pulp.  amous peat s amp tree that is har ested 
in the ild, in act o en locally o erexploited, is Gemor (Alseodaphne coriacea). The ar  o  
this medicinal plant is used as a mos uito repellent and sold on local mar ets (Suyanto et al. 
200 ). This species is only one example o  numerous medicinal plants that could e idely 
planted. ood produc on is extremely important in rural areas o  ndonesia. n the inha ited 
peatlands o  Sumatra and alimantan trials ith ood plants that don t re uire drainage ha e 
to e de eloped, especially ith permanent crops that reduce re ris s associated ith annual 
crops and related land clearing prac ces. Tradi onal mixed tree gardens ith ruit trees and 

et agro orestry schemes are promising ays o  small-holder paludicultures ith ocus on 
ood and T P produc on. The hutan-desa orest concession type allo s illages to sustaina ly 

har est m er, implement enrichment plan ng (including alua le ra ans) and per orm 
agro orestry on areas up to 10 000 ha. Similar pro lems are no n rom arious parts o  the 

orld.
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  ater a ailability  The assessment o  ater a aila ility may re uire addressing climate, peat 
hydraulic condi ons, drainage in rastructure, ater regime, topography and the hydrogeology and 
hydrology o  the peatland s hydrological catchment. 

  Land use  oth inside the peatland and in its hydrological catchment area.  current land use 
re uires drainage, par al re e ng can e considered or land use can e changed to paludiculture 
(see Chapter 2.2).  ensuring ater supply or re e ng re uires a reorgani a on o  land use 

ithin the hydrological catchment, it is necessary to chec  easi ility and costs and to in ol e 
sta eholders. 

  Relief  The ater le el that can e esta lished is highly dependent on the peatland s relie  
and topography. lso ithout ac e peat remo al the relie  o  a peatland may ha e changed 
su stan ally y su sidence, peat oxida on and re. To achie e the est e ect, the a erage annual 

ater le el must e raised to around the sur ace o er the largest possi le area o  the peatland. 
  Tree  gro th  Trees may ha e a nega e impact on hydrology as they may enhance e apotrans-

pira on. Trees may, ho e er, also ha e a posi e e ect on the micro-climate ( y reducing ind 
elocity and increasing shade), hereas in tropical peat s amps the presence o  (large) trees is 

e en a prere uisite or op mal re e ng ( ommain et al., 2010).

ater a aila ility and relie  are o en the ul mate actors determining re e a ility and may ha e 
changed to the extent that op mal re e ng has ecome impossi le. Par al re e ng ill then s ll 
reduce the en ironmental ris s (see Chapter 2.4). 

The restora on o  a peatland aims at re itali ing the peat accumula on process. Restora on must 
al ays include re e ng. n a peatland strong interrela onships exist et een plants, ater, and 
peat  hen one o  these components is a ected, e entually also the other components ill change. 
The components are, ho e er, not e ually ulnera le, nor do they react simultaneously. Generally 
organisms are more easily a ected than hydrology and hydrology again much easier than the hydraulic 
and morphologic proper es o  the peat ody. s the la er components exercise the strongest long-
term control on the de elopment o  the peatland, ac i es must ocus on restoring these components 

rst. gain  there is no uni ersal strategy to restore degraded peatlands, as condi ons di er idely.

The most important technical components, that (addi onal to the criteria or re e ng a o e) 
determine the restora on poten al, are

  Peat hydraulic condi ons   the upper peat layer is strongly decomposed, strongly compacted 
or degraded, the poten al o  restoring mire types that re uire non- or li le humi ed peats to 
regulate their hydrology is se erely limited. n such peatlands restora on can ini ally only ocus 
on preser ing residual oral and aunal communi es and on re-de eloping pioneer mire types 
(Schumann and Joosten, 2008). 

  Relief  n degraded peatlands, drainage, peat extrac on or re ha e o en changed the peatland 
relie  su stan ally. This ill ha e a ected the ater alance o  the peatland, in par cular the 
propor on o  ater that is transported through and o er the peat ody. The results cannot easily 

e predicted ecause a change in relie  triggers a hole chain-reac on o  processes ith opposing 
e ects ( el et al., 2011).

  egeta on  egeta on is easily a ected y cu ng, mo ing, draining and sod remo al. hen 
egeta on change is the only impact (and other peatland components are not a ected), 

restora on only re uires the remo al o  the distur ing actor. Then the peatland ill regenerate 
spontaneously, pro ided that su cient diaspores o  the ey plant species are a aila le (i  not, 
introduc on o  diaspores has to e considered). The same accounts in case the ater alance 
o  the peatland has only recently een a ected and no irre ersi le changes in peat hydraulics or 
peatland relie  ha e yet ta en place. lso then the peatland can easily e restored y remo ing 
the distur ing actor.

or more in orma on on re e ng and restora on, see the Glo al Peatland Restora on Manual 
(Schumann and Joosten, 2008).

Restora on o en re uires complete hydrological systems ( ull peat domes, su -domes, other integral 
hydrological units) to e a aila le or re- e ng. Land use planning should address land use op ons 
rom an ecosystem perspec e, aiming at preser ing the ital en ironmental ser ices at the landscape 
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le el. n addi on to re e ng, in the tropics re oresta on ith indigenous tree species, re pre en on 
and esta lishment o  re control capacity are cri cal or success ul and sustaina le re e ng and 
reha ilita on.

The main principles to peatland re e ng and restora on are

  Re et as uic ly as possi le  The e ec eness o  peatland restora on strongly depends on the 
degree o  degrada on. The longer a peat ody has een dissected y drainage channels, the more 
the ne ly originated mesorelie  may rustrate ull-scale re e ng and emission reduc on. 

  Re orest (in the tropics)  The hydrology o  natural ( ero-emission) peat s amp orest is maintained 
y the orest a o e-ground root system and related sur ace ele a on di erences ( ommain et al. 

2010). There ore re oresta on must e part o  any restora on e ort. 
  nsure support o  local communi es at the earliest stage  rainage in rastructure o en pro ides 

access to the peatland to local people. Restora on may restrict this access again ( y loc ing 
canals) and locals may there ore oppose restora on. t is thus o  crucial importance to consult local 
communi es and in ol e them ac ely in the planning, design and implementa on o  restora on 

or . 
  S mulate community de elopment  To ena le communi es to o ercome dependence on 

unsustaina le peatland use, peatland reha ilita on projects, hich may result in opportunity 
costs or local communi es, should include community de elopment as an integral component to 
o set such opportunity costs. 

2.  dapted management of drained peatlands in produc e use

hereas paludicultures represent the only sustaina le mode o  agricultural produc on on peatlands, 
technical or socio-economic constraints may pre ent drained peatlands rom eing op mally re e ed. 
n such cases the nega e en ironmental and socio-economic impacts o  u li a on should e restricted 
y

 Minimi ing drainage as ar as possi le to reduce peat oxida on and land degrada on. 
  Choosing crops that are adapted to high soil moisture. Crops that re uire deep drainage are not 

suita le or agriculture on peatlands.
  oiding plo ing, as llage enhances peat oxida on y increasing soil sur ace roughness.
  Cul a ng permanent crops that ith their shade reduce sur ace temperatures and conse uent 

increased peat oxida on (Jauhiainen et al., 2012) and a oid land clearing y re as is o en prac ced 
hen cul a ng annual crops.

Box  Restora on and conser a on

Peatland restora on is a good ay to reduce the C 2 emissions rom drained peatlands, ut 
it is al ays a second est approach to conser a on. Restora on o  a peatland site can only 
reduce the emissions to ero, i  the en re area can e ade uately re e ed. The experiences 
in ndonesia ha e sho n that - certainly in the tropics - complete re e ng is o en ery 
di cult or e en impossi le to achie e, ecause drainage has induced irre ersi le changes in 
peatland relie . Stronger soil su sidence immediately adjacent to drainage channels results in 
the orma on o  mini-domes  in et een such strongly su sided areas hich prohi its ull 
re e ng o er large areas. The areas that are not su ciently re e ed ill con nue to emit 
GHGs un l a ne  hydrological e uili rium is reached. chie ing ull re e ng ill o en ta e 
se eral decades. This implies that restora on o  degraded peatland cannot compensate or 
peat s amp con ersion on a hectare- y-hectare asis. To compensate or emissions o  ne ly 
drained peatlands much larger areas o  degraded peatland landscapes ill ha e to e su ject 
to long-term re e ng and re oresta on.
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  Limi ng er li a on as er li a on generally increases peat oxida on (Clymo 1 8 ) and nitrogen 
er li a on on drained peat soils may result in huge emissions o  nitrous oxide, especially a er 

rain (Cou en erg et al., 2010). 

2.5 Hazard control on abandoned drained peatlands

Millions o  hectares o  drained peatlands in the orld ha e ecome so lo  produc e and degraded 
that they ha e een a andoned. n these peatlands, the old drainage systems con nue or ing long 
a er a andonment. n the a sence o  management, a andoned drained peatland sites are suscep le 
to res. andoned o er-mature orests on drained oreal and temperate peatland or partly logged 
and pre iously urned orests in the tropics may ha e accumulated much in amma le dead ood 
li er and the dry peat eneath is easily ignited during re ha ards in dry seasons. 
Peatland res occur mainly on peatlands ith unclear o nership and responsi ility. Peat res are 
mostly induced y human ac i es in or in the surrounding o  the peatland.  peatland is re prone i  
it is  

 drained
 a andoned ( ithout regular sur eillance)  and
 regularly isited y people (e.g. or hun ng, gathering, recrea on).

Peatland res can only e pre ented hen peatlands ha e a clear economic alue or hen they are 
e ec ely re e ed. Re e ng not only precludes peat res ut also strongly reduces micro ial peat 
oxida on and conse uent C 2 and 2O emissions. 

ire control exercises in the Mega Rice Project area (Central alimantan, ndonesia). 
Photo  Hans Joosten
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s long as re e ng and or regular economic use are not implemented, re control must a empt to 
pre ent ha ards. ec e re control includes

 monitoring y satellite or air orne o ser a on, atchto ers and ground patrols
 esta lishment o  hydrants or ponds to guarantee ater a aila ility  
 stand- y o  su cient re rigades
 training in re pre en on suppression and disaster management  and
 ade uate communica on structures and coordina on.

The high costs o  maintaining an opera e re control in rastructure, com ined ith the a undance 
o  lightly in amma le uel ma e re control in drained and a andoned peatlands an unappealing 
alterna e. t urthermore does not sol e the pro lem o  con nuing greenhouse gas emissions rom 
micro ial peat oxida on. hereas the costs o  re e ng may ini ally e high, on the longer run 
re e ng ill al ays e pre era le.

2.  on icts and synergies

This chapter has pro ided an o er ie  o  arious peatland u lisa on and de elopment op ons. Some 
op ons and aims are compa le hereas others con ict ith each other (Ta le 2). 

s Ta le 2 sho s, paludiculture and a andonment represent the extremes o  peatland u lisa on in 
rela on to the aims o  produc on, iodi ersity conser a on, climate change mi ga on and re ha ard 
reduc on. Paludiculture is compa le ith all aims, hereas a andonment con icts ith all regarded 
aims. andoned, drained peatlands are unproduc e and useless or human el are, are a constant 
source o  greenhouse gases and a perennial ris  o  res, hose ha e has direct and indirect impacts on 
the economy and on human health. 

Re e ng o  peatlands is an extremely e ec e method to pre ent peat res and reduce GHG 
emissions. Re e ng should thus e an integral part o  any regular peatland management.

Table 2. Con icts and synergies o  arious peatland u li a on op ons. Red  con ict  green  synergy 
(changed a er el et al., 2011)

synergy synergy

synergycon ict

synergycon ict

con ictsynergy

con ictsynergy

con ictsynergy

con ictcon ict

synergy

synergy

synergy

con ict

con ict

con ict

con ict

synergy

synergy

synergy

synergy

synergy

synergy

con ict
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Long-tailed orange p, ound in peats amp orest in Sara a , Malaysia. 
Photo  Marcel Sil ius
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 3. Finance options
Robert ulli an, Moritz on nger  Mar a-Liisa Tapio-Bistr m

Conser a on, reha ilita on, and sustaina le use o  peatlands ill need to e nanced. ith 
interna onal climate change policy mo ing rom the yoto rame or  to a more inclusi e interna onal 
regime, a ide spectrum o  nancial op ons are emerging. This chapter pro ides an o er ie  o  these 
sources o  nance and their suita ility or peatland conser a on, reha ilita on, and sustaina le use. 
The report ocuses on climate nance and on nance op ons in the , as the  stands out or oth 
its integrated climate policy and its exposure to peatland related greenhouse gas emissions. inancial 
sources eyond the climate change rame or , e.g. mul lateral mechanisms to enhance sustaina le 

ater management or to protect iodi ersity, are only presented in general terms.  summary o  
nance op ons is presented in Ta le .

tatus of nance limate nance opportuni es for peatland ac i es
 opportunity
 e eloping  non- nnex  countries ndustrialized  nnex  countries

R  capacity building and 
planning
Signi cant ilateral and mul lateral 
unding or R  readiness. Mostly 

directed at na onal go ernments.

urrent M
Scope limited to a oresta on and 
re oresta on projects on peatlands 

ut ery limited demand or credits.

oluntary mar et
ide scope or a oresta on, 

re oresta on and R  (including 
re- e ng). ea  demand or credits.

R  mar et mechanisms and 
results based nance
The need to nance emission 
reduc ons or remo als under R  
recogni ed ut details s ll eing 
nego ated.

M s
M s ha e een proposed and 

could include peat projects. Some 
nance is star ng to o  to M s 
ut urther or  is needed to ully 

implement the M  concept and 
iden y su cient sources o  nance. 

Green limate Fund
The Green Climate und has een 
esta lished ut is not yet nanced or 
opera onal. inance or peatlands 
should e ithin its mandate.

xpanded M
There is a SBST  or  program to 
expand eligi le L L C  projects hich 
could extend to peat.

Current and opera onal

Recognized but 
addi onal decisions 
needed and not yet 
opera onal  

May be possible but 
addi onal decisions 
needed 

ccoun ng under rt .  of the yoto Protocol
xpanded accoun ng op ons or nnex  

countries hich may create domes c policies and 
measures to protect or restore peatlands. 

oluntary mar et
ide scope or all ac i es including re- e ng. 

ou le coun ng can easily e a oided y 
cancelling yoto units or any rele ant oluntary 
mar et projects. ea  demand or credits.

oint mplementa on ( )
Current J  rules pre ent most J  L L C  projects. 

 CMP decision needs to change J  rules to 
include L L C  projects that decrease emissions 

y sources. 

omes c o se ng in the  under the  T
r cle 24(a) o  the  TS allo s or the crea on 

o  domes c o sets rom a ide range o  
ac i es that could include peatlands. Ho e er 
the C s ll has to ma e this, including the 
inclusion o  L L C  o sets opera onal.

 Policies
The post 2012 Common gricultural Policy (C P) 
includes a set o  proposals to shi  ocus to 
en ironmental protec on and lo -car on 
policies. This includes a proposal to allocate 0  
o  the udget or direct payments to armers to 
support measures ene cial to climate and the 
en ironment. Other  policies that may support 
(and already ha e supported massi e) peatland 
re e ng are the  ater rame or  irec e 
and the  L -Programme.

Table . Summary o  climate nance or peatland conser a on, reha ilita on and sustaina le use
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1  ecision 2 CMP.7 (Land use, land-use change and orestry), nnex, para. 6.
2  To e more precise  all nnex  Parties o  the CCC hich are also nnex B  Parties o  the yoto Protocol. This 

includes all nnex  Parties except Tur ey, Belarus and a a hstan, and or reasons o  non-rati ication o  the yoto 
Protocol, the nited States.

.1    Reducing emissions from peatlands ithin 
 the F  frame or
 
Recent de elopments under the nited a ons rame or  Con en on on Climate Change ( CCC) 
and yoto Protocol ( P) ha e produced se eral op ons or reducing emissions rom peatlands and 
le eraging nance in the short- and mid-term. or de eloped ( nnex ) countries ( .1.1), the ur an 
outcome (CMP 7) allo s or op onal accoun ng o  etland drainage and re e ng. t remains to e 
seen hether the expanded accoun ng rame or  ill also acilitate a change in the rules or Joint 
mplementa on (J ) to allo  or J  to e used to nance peatland restora on projects. or de eloping 

(non- nnex ) countries ( .1.2), progress on methodological issues and nancing related to reducing 
emissions rom 

 (R ), holds opportuni es or 
integrated peatland inter en ons. The emerging climate nance concept o  na onally appropriate 
mi ga on ac ons ( M s) and coopera e approaches to agriculture are promising incen es or 
ac ons to reduce emissions rom peatlands as ell. en the Clean e elopment Mechanism (C M), 
thus ar an instrument limited to a oresta on and re oresta on, may slo ly change. The land use, 
land-use change and orestry (L L C ) and peatland related changes in the interna onal regula ons 
ha e een ic -started y de elopments in the oluntary mar ets, in par cular the eri ed Car on 
Standard ( CS), hich o er recent years has o ered respecta le solu ons to many o  the technical 
challenges L L C  projects ace (see Chapter . ). 

e eloped countries in the nnex 

(a) The Kyoto Protocol
rom 201  on ards, coinciding ith the second commitment period o  the yoto Protocol, nnex 
 Par es to the CCC are gi en the opportunity to account or greenhouse gas (GHG) emissions 
y sources and remo als y sin s resul ng rom etland rainage and Re e ng  ( R) under 
r cle .4 o  the yoto Protocol. This means that nnex  countries can use peatland re e ng to meet 

their emissions reduc on targets. This milestone as achie ed at COP17 (2011) in ur an1. ith this 
decision, peatlands and organic soils are at last recogni ed y the interna onal climate change regime 
as an accounta le actor and poten al target or mi ga on ac on.  

R deals ith a change in hydrological management o  organic soils and applies to all land that 
has een drained and or re e ed since 1 0, unless that land is already eing accounted or under 
another land use ac ity. The ac ity R is not limited to the category etlands , ut is applica le 
to all land that is not eing accounted or under other ac i es o  the yoto Protocol. 

The poten al to account or emissions or remo als rom R creates incen es or a country to use 
domes c sources o  nance to reduce emissions or increase remo als rom peatland. 

COP 17 in ur an urthermore decided that, in contrast to the rst commitment period (2008-2012), 
orest management  ill e mandatory or accoun ng in the second commitment period (201 -2017). 

This means that drainage and re e ng o  peatlands used or orestry in nnex  Par es must no  
e accounted or under the yoto Protocol. ccoun ng o  gra ing land management and cropland 

management remains oluntary.

The Joint mplementa on mechanism allo s nnex  Par es2 to ul ll part o  their yoto commitments 
through nancing emission reduc on projects in another nnex  country. ith respect to peatland 
conser a on and restora on, some ne-tuning o  the rules is, ho e er, appropriate. 
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irst, the J  Guidelines  suggest that projects can only generate credits i  they se uester car on (as 
opposed to reduce emissions)4. This ould imply that the sta ili a on and reduc on o  GHG emissions 
rom drained peatlands could not translate into an eligi le J  project ac ity. Second, the J  accoun ng 

and repor ng rules state that J  L L C  projects need to con ert Remo al nits (RM s) into mission 
Reduc on nits ( R s) - i.e. they cannot con ert ssigned mount nits ( s) into R s as is the 
case ith other J  (non land use) projects . nder yoto accoun ng rules RM s are only issued i  there 
is net se uestra on o  car on6. Thus, here RM s are not a aila le, a peatland J  project, e en i  only 
reduced to its unc oning as car on sin , could not generate R s. These rules thus imply that most 
climate gain rom peatland conser a on and re e ng is not eligi le as a J  project ac ity  in peatland 
projects the most important climate gain comes rom reducing emissions ( y retarding or stopping 
peat oxida on) rather than rom car on se uestra on (re-installed y rene ed peat accumula on), 

hich is a much slo er process.

 last challenge to sol e is the ery limited experience that the prac oners, project de elopers and 
the policy ma ers and regulators o en ha e regarding J  and L L C . ota ly the Joint mplementa on 
Super isory Commi ee hich sets the rules or the centrally organi ed J  trac   could ene t rom 
capacity de elopment. 

Opening J  or peatland conser a on and restora on projects re uires that the J  Guidelines and the 
accoun ng and repor ng rules e changed to allo  or (i) inclusion o  L L C  projects that reduce 
emissions  and (ii) con ersion o  either RM s or s into R s. The re ision o  the J  Guidelines, 
oreseen or COP 18 in uatar in late 2012, is an opportunity to ma e ay or these changes. Concerning 

the lac  o  prac ce, de elopments in the oluntary mar et should help in orm methodologies to e 
used under J . 

  ecision CMP.1 Guidelines for the implementation of Article 6 of the Kyoto Protocol,
4  See ecision CMP.1 Guidelines for the implementation of Article 6 of the Kyoto Protocol, para 4 hich only 

re ers to enhancing remo als y sin s under rticle .  and .4. See also ppendix B to this ecision, on project 
aseline calculation hich limits the eligi le sectors to those mentioned in nnex  o  the yoto Protocol ( hich 

excludes L L C ) and anthropogenic remo als y sin s .
  CCC ecision 14 CMP.1 Standard electronic format for reporting Kyoto Protocol units, Annex, Standard  
electronic format for reporting of information on Kyoto Protocol units, para 1 .

6   ecision 1 CMP.1, Modalities for the accounting of assigned amounts under Article 7, paragraph 4, of the Kyoto 
Protocol, nnex, para 2 .

am uilt y etlands nterna onal in channel at Mentangai, Central alimantan, ndonesia 
Photo  Marcel Sil ius
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e eloping (non- nnex ) ountries

(a) The Clean Development Mechanism (CDM) 
The C M can e used to generate Cer ed mission Reduc ons (C Rs) rom climate- riendly projects 
in de eloping countries. The C M currently limits L L C  ac i es to a oresta on and re oresta on 
projects, hich also currently re ers to credits only eing generated y net remo als y sin s7. This 
could include a oresta on and re oresta on o  et peatlands (e.g. ith s amp orest tree species). 
Conser a on, reha ilita on and impro ed management o  non- orested peatlands are currently not 
eligi le under the C M. There is ho e er scope or uture expansion o  L L C  ac i es a er a 
recent re uest at CMP7 in 2011 to ini ate a or  programme on this, ith a dra  decision planned 
or CMP  in 201 8. This re uest creates an opportunity to include more types o  emissions reduc ons 
rom peatlands in the C M. The current rules to account or permanence (i.e. the loss o  car on stoc  

a er a credit has een issued or the remo al) ha e also caused pro lems or C M a oresta on 
and re oresta on projects9. pplying the same rules to ne  C M L L C  project ac i es ould 
create similar pro lems or the ne  ac i es. Ho e er, the permanence rules or a oresta on and 
re oresta on are currently eing re- isited10.  

R  is currently ocused on orests so can apply to orests on peatland. R  ac i es in peatlands 
are those ac i es that reduce or pre ent greenhouse gas emissions y protec on o  orest on un-
drained peat and y re e ng and re egeta on o  drained peat orests. n the tropics peat s amp orests 
are eing drained and cut at an alarming rate. R  is there ore a promising rame or  to nance 
emissions reduc ons rom peatlands. There is signi cant mi ga on poten al in se eral countries, in 
par cular ndonesia, Malaysia, Bra il, Papua e  Guinea, ietnam, Thailand and in other countries 
rich in peats amp orests that ha e not yet een su ject to large-scale peat s amp de oresta on and 
degrada on (see Chapter  and Joosten, 2009a).

R  nego a ons are progressing rapidly and mul lateral and ilateral unding is readily a aila le 
or capacity uilding and technical assistance. Long term nance o  R  per ormance is, ho e er, 

s ll under nego a on.  num er o  op ons exist or interim results- ased nance (i.e. payments or 
reducing emissions and increasing remo als) including the orld Ban s orest Car on Partnership 
acility and ilateral support rom the go ernments o  or ay and Germany amongst others.

More or  is also needed on some methodological issues, though solu ons do exist. One o  the 
methodological challenges or R  is the inclusion o  the peat soil car on pool in R  re erence 
re erence emission le els - the enchmar  that ill e used to assess per ormance and results- ased 
nance. COP17 adopted a decision11 on methodological guidance or R , hich states that countries 

that ish to par cipate in the R  should include all signi cant car on pools and ac i es, i.e. also 
organic soils, in their re erence le el. ncluding organic soils ill ena le genera ng signi cant emission 
reduc ons and poten al nance i  the country is a le to reduce peat emissions rom peatlands ( hich 
may re uire re- e ng drained peatlands).  the area o  drained peatland, ho e er, eeps expanding, 
or already drained and emi ng peat s amps are not re- e ed, the signi cant and poten ally 
increasing emissions rom peatlands may s amp emission reduc ons rom other pools, e ec ely 
elimina ng the prospects o  recei ing results- ased R  nance. 

7    ecision CMP.1, Modalities and procedures or a orestation and re orestation project acti ities under the 
clean de elopment mechanism in the irst commitment period o  the yoto Protocol, nnex, para 1 (de initions) 
and else here.

8  ecision 16 CMP.1. Land use, land-use change and orestry, para. 1 .
9    These rules re uire a type o  temporary credit or C M a orestation and re orestation projects that contain 

inherent ris s and unattracti e to most uyers.
10 ecision 2 CMP.7. Land use, land-use change and orestry, para. 7.
11  ecision 12 CP.17. Guidance on systems or pro iding in ormation on ho  sa eguards are addressed and res-

pected and modalities relating to orest re erence emissions le els and orest re erence le els as re erred to in 
decision 1 CP.16.
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n 2012 decisions ill e nego ated on methodological guidance or Measuring, Repor ng and 
eri ca on (MR ), or na onal orest monitoring systems and or addressing dri ers o  de oresta on 

and orest degrada on. This guidance should include speci c guidance on organic soils  see 
recommenda ons at the end o  this Chapter.

M s see  to scale-up de eloping country am i ons y matching comprehensi e, results- ased 
mi ga on inter en ons ith ade uate climate nance, technology support and capacity uilding. 

M s - open to all mi ga on sectors - pro ide an important ehicle or road management o  
organic soils and etlands, allo ing the com ina on o  conser a on, restora on and good prac ces 
into a coherent program. COP17 reiterated the in ita on to all de eloping countries to su mit M  
proposals that ill see  interna onal unding. COP17 urther clari ed the ey components or M  
repor ng hich includes the iden ca on o  a na onal implemen ng en ty, a projec on o  costs 
and me, the amount and type o  interna onal support re uired, an es mate o  emission reduc ons 
to e achie ed, and other indicators o  implementa on. There is no deadline or M  su missions, 
yet the earlier a country posi ons itsel  or M  inter en ons, the more accessi le it ecomes or 
poten al unders, ranging rom de eloped countries to interna onal de elopment agencies and an s, 
to pri ate sector en es. 

hile the M  concept is s ll emerging it is expected that any peatland related M  ill ha e to e 
esta lished using ro ust data and relying on stringent MR  hich ill s ll re uire considera le e ort 
and me. To date, de eloping countries are a rac ng ilateral donors or M  easi ility studies and 

M  pilots across sectors. This unding should extend to peatland M s. 

The ollo ing countries ha e considera le GHG emissions rom peatlands (Joosten, 2009a) and could 
consider de eloping peatland M s  ndonesia, Malaysia, China, Mongolia, Myanmar, ngola, RC, 
Guinea, enya, Madagascar, Mo am i ue, Sudan, ganda, am ia, Bra il, Cu a, Guyana, Honduras, 
Mexico, ene uela, Bangladesh, Thailand and ietnam. 

The Green Climate und (GC ) is expected to ecome the central mul lateral und or climate 
change. t ill channel a signi cant por on o  the annual 100 illion that de eloped countries ha e 
commi ed to mo ili e rom oth pu lic and pri ate sources y 2020 to support climate ac i es in 
de eloping countries. Once opera onal, the GC  ill und oth mi ga on and adap on ac i es. ts 
opera on should extend to ac i es that support the conser a on, reha ilita on, and sustaina le 
use o  peatlands in de eloping countries. The details o  ho  the GC  ill dis urse unding is s ll eing 
determined, ut ill include direct access to the GC  y de eloping country go ernments, unding 
to M s and unding o  pri ate sector ini a es. The GC  could explicitly co er opportuni es or 
peatland projects gi en the dispropor onate role o  peatlands in climate change, ut it is unclear i  

Box 5  Building land use M s  example from ndonesia

n Septem er 2011 ndonesia issued a presiden al decree on land- ased M s, com ining 
R , peatland emission reduc ons, restoc ing o  a o e- and elo  ground car on pools 
regardless o  orest non- orest status o  the land, and reduc on o  methane and nitrous oxide 
emissions rom agriculture (Presiden al ecree o. 61 o  2011). This li ely ma es ndonesia 
the rst on- nnex-  country in the orld to ha e such a holis c perspec e on emissions 
rom the land- ased sectors. The presiden al decree gi es su stance to the country s M  

commitments to reduce its 2020 emissions y 26 . ithin 12 months o  issuance all districts 
and ci es (more than 400 in total) are meant to pro ide their o n ac on plans ithin the 
sectoral priori es that ere esta lished at na onal scale. 
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the GC  ill e operated ith this le el o  speci city. lterna ely, i  the GC  decisions do not iden y 
speci c sectors to und Par es and o ser ers ill at least need to ensure that the GC  remains road 
enough to include peatlands. 

The CCC adapta on rame or  may acilitate peatland-related assistance and unding, in par cular 
or least de eloped countries (o  the M  list a o e  Myanmar, ngola, RC, Guinea, Madagascar, 

Mo am i ue, Sudan, ganda, and am ia), hich recei e on-going support ith de eloping their 
a onal dapta on Plans ( Ps). Other current and uture adap on unding may e a aila le or 

peatland conser a on or restora on, though it should e noted that adapta on has tradi onally 
een chronically under unded. The GC  is, ho e er, meant to pro ide a ne  and addi onal source o  
unding or adapta on.

 
griculture has een ery slo  in eing incorporated into the nego a ons or the next climate change 

agreement. iscussions are ongoing in the d Hoc or ing Group on Long-term Coopera e c on 
under the Con en on on the esta lishment o  a technical or  programme or agriculture in SBST . 
This ould e the rst step to ards inclusion o  agriculture into the uture climate mechanism. Organic 
soils and peatlands are agro-ecosystems ith large mi ga on poten al and thus merit par cular 
a en on in the griculture programme. 

.2 limate ini a es for peatlands under the uropean nion

The  did not include L L C  ac i es in the uropean missions Trading Scheme (  TS), adopted 
in 200 12 nor in the 2008 climate and energy pac age hich de nes the s climate policy or the 
period up to 2020. Ho e er, the uropean Commission ac no ledged that L L C  ac i es ha e a 
su stan al impact on o erall emission across the uropean nion (see alsoChapter ) and that there is 
the poten al or su stan al emission reduc ons1 . 

 ccoun ng for L L F
n March 2012, the uropean Commission adopted a legisla e proposal14 or a ecision o  the uropean 

Parliament and the Council to esta lish, or the rst me, accoun ng rules or GHG emissions and 
remo als in the land use sector. ccoun ng or emissions and remo als rom a oresta on, re oresta on, 
de oresta on, orest management ( M), cropland management (CM) and gra ing land management 
(GM) are proposed to e mandatory. Mem er States can opt to account also or emissions and remo als 
rom re egeta on and etland drainage and re e ng  ( R). The uropean Commission sees this 

mo e as a rst step to ards incorpora ng remo als and emissions rom orests and agriculture in 
the s climate policy . There is a ris , ho e er, that Mem er States ill not accept mandatory CM 
and GM or similar reasons as they ha e re rained rom choosing oluntary CM and GM in the rst 
commitment period. n that case countries ill (except in mandatory orestry) not e a le to use the 
huge mi ga on poten al o  organic soils in the land use sector (see Chapter ), unless accoun ng or 

R ecomes mandatory or is oluntarily chosen. n act R as explicitly created as an op on 
to address the peatland hotspot e ec ely in case M, CM and GM ould not e accounted or.  

M, CM and GM ould e accounted or, 90  o  the peatland emissions ould e co ered and R 
ould e largely redundant. That said, the Commission s proposal has come a long ay rom a decade 

o  L L C -neutral policy-ma ing. The adop on o  L L C -related targets ithin the ort Sharing 
ecision ( hich esta lishes GHG emission targets outside the  TS) or e en ithin the  TS, may 
ell ollo  in the mid-term (prior or a er 2020).

12    irecti e 200 87 C o  the uropean Parliament and o  the Council esta lishing a scheme or greenhouse gas 
emission allo ance trading ithin the Community.

1    See most recently in the justi ication or the accounting proposal, Proposal or the ecision o  the uropean 
Parliament and o  the Council on accounting rules and action plans on greenhouse gas emission and remo als 
rom acti ities related to the land use, land use change and orestry, COM(2012) 9  inal o  12 March 2012.

14  idem.
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 omes c se ng
 urther mo e may consist in promo ng L L C -related ac i es as domes c o se ng ( O) projects, 

an op on the  TS o ers as o  201  ( r cle 24(a) o  the  TS). n principle, O projects are open 
to any projects that reduce greenhouse gas emissions not co ered y the Community scheme . s the 
strict mirroring o   TS and yoto accoun ng is ading, there seems to e no yoto related limita on 
to o se ng projects rom peatland hether or not an  Mem er State chooses to account or 

etlands or not.. Thus ar, there has een li le ac ity y the uropean Commission to opera onali e 
r cle 24(a). This may e explained - at least in part - y the gro ing surplus o  allo ances and credits 

a aila le or compliance under the  TS. Ho e er,  Mem er States are increasingly suppor e o  
a ne  O mechanism and se eral o  them ha e launched na onal pilots on the ma er. 

 ommon gricultural Policy ( P)
The Common gricultural Policy (C P) is the cornerstone o   policy ma ing in agriculture and agro-
orestry. The C P includes the loc s largest su sidy scheme. ntroduced in 200 1 , the so-called cross-

compliance mechanism es  support or armers to compliance ith standards o  en ironmental 
care, pu lic and plant health and animal el are. armers are, among others, re uired to a oid the 
deteriora on o  the ha itat, maintain soil organic ma er (a condi on that per ersely not applies to 
peatlands ecause the criteria only match mineral soils, so that agriculture on deeply drained peat s ll 
recei es unrestricted  direct payments) ( ichtmann and ichmann, 2011) and protect and manage 

ater. on-compliance should lead to reduc ons in su sidy and de elopment payments. or the C P 
post 2012 the uropean Commission has adopted a set o  legisla e proposals that include a shi  o  ocus 
to en ironmental protec on and climate change mi ga on. Proposed measures include an alloca on 
o  0  o  the udgetary en elope or direct payments to armers to support measures ene cial to 
climate and the en ironment16. Legisla e discussions are ongoing ith a nal decision y the legisla e 

odies, Parliament, and Council, eing expected y 201 .  appro ed and e ec ely implemented, the 
regula on on direct payments may ecome a strong incen e or peatland conser a on and restora on. 

.  oluntary carbon mar et 

The oluntary mar et as alued at 94 million in 2010, hich is signi cantly smaller in alue 
compared to the compliance mar et hich as alued at 141.9 illion in 2010 (Linacre et al., 2011). 
Ho e er, the oluntary mar et is the only car on mar et to date that recogni es and is a le to pro ide 
direct nance or peatland projects. This ma es it an important nance instrument and tes ng ground 
or technical op ons to account or emissions and emission reduc ons and prac cal challenges o  

implementa on. 

n March 2011 the eri ed Car on Standard ( CS), the dominant oluntary standard ith 4  o  
recorded transac ons in 2010, pu lished its ne  guidance or land use projects that included the ne  
project category Peatland Re e ng and Conser a on (PRC). The PRC category allo s or t o main 
types o  peatland projects  Re e ng o  rained Peatland (R P) and Conser a on o  ndrained or 
Par ally drained Peatland (C PP). Both types may e com ined ith exis ng land use categories under 
the CS. 

ncreasing the rele ance o  the oluntary mar et or peatland projects ill re uire addi onal 
methodologies to e de eloped and addi onal on-the-ground experience on de eloping and 
implemen ng peatland re- e ng projects to e gained. Chapter 4.4 o  this report addresses some 
technical issues ith de eloping peat projects and ho  these are resol ed under the CS. The iggest 
challenge ith the oluntary mar et (and car on mar ets generally) is the ea  demand or credits. 

1    Council Regulation ( C) o 1782 200 , su se uently repealed y Council Regulation ( C) o. 7 2009 o  19 
January 2009 esta lishing common rules or direct support schemes or armers under the common agricultural 
policy and esta lishing certain support schemes or armers, also amending Regulations ( C) o 1290 200 , ( C) 

o 247 2006, ( C) o 78 2007.
16   Proposal or a Regulation o  the uropean Parliament and o  the Council esta lishing rules or direct payments 

to armers under support schemes ithin the rame or  o  the common agricultural policy, COM(2011) 62  
inal 2, 19 Octo er 2011.
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Box   missions reduc ons from peatlands in Belarus through 
 the oluntary mar et

Peatlands co er 2.9 million hectares (14 ) o  Belarus. Bet een 1960 and 1990 hal  o  the 
country s peatlands - some 1.  million hectares - ere drained, in most cases to ma e ay or 
agriculture. Today ast areas o  the once cul ated land sit idle, hile the drainage system, in 
most cases, has ne er een re ersed. s a result Belarus ran s among the top eight countries, 

hen it comes to CO2 emissions rom degraded peatlands.

Sponsored y P and G  (2006-2010) as ell as the German Ministry o  n ironment 
(BM ) and  (2008-2012), approximately 6,000 hectares o  peatland ha e een restored 
(Tanne erger & ichtmann 2011a). Based on the criteria o  accessi ility, costs and car on 
intensity, the program led to the iden ca on o  an addi onal area o  0,000 hectares ound 
most suita le or car on project de elopment. ccording to conser a e es mates, a car on 
project consis ng o  re e ng these 0,000 hectares, together ith 18,000 hectares that 
had already een re e ed, ould generate some 100,000 tCO2 e . annually o er the next 10 
years.

ey elements or the esta lishment o  a CS car on project ere (i) de eloping a 
methodology  (ii) nance (including cash- o ), (iii) go ernance and regulatory aspects, and (i ) 
opera ons.  2011 calcula on o  costs or engineering, or s, maintenance and the car on 
cycle es mated a cost o  a out  million uros o er ten years, pu ng the genera on costs 
at around  uros per credit. The need or ecologic (and car on) sta ili a on a er re e ng 
ma es the rst eri ca on ia le only a out e years a er the start o  re e ng ac i es. 
This means that the rst credits can e issued only in year  or 6. s a result most emission 
reduc ons and, hence, credits, ill e generated et een year  and year 10. This means a 
su stan al part o  the project costs need to e ad anced e ore re enues are generated and 
the project is a le to rea -e en. This re uires long-term engagement rom in estors or ten 
years or longer.

On the legal, regulatory and ins tu onal side, Belarus can rely on a clearly de ned land 
tle and legisla on. The Go ernment holds the property and all deri ed tles o er the 

sites iden ed or the project and there is a centrally organi ed ins tu onal structure set 
ithin a legisla e rame or  dedicated to oluntary emission reduc on projects. Ho e er, 

uncertain es remain, most nota ly on the po er or any Go ernment en ty to con er car on 
tle to the project en ty ( ini ator  under Belarusian legisla on), on the responsi ili es 

among Go ernment ins tu ons including at the regional and municipal le el, and 
uncertain es regarding taxa on, especially or monies made a aila le as ad ance payments. 

The opera onal priority lies in iden ying, or crea ng, a project en ty ith su cient 
opera onal, ins tu onal and pro essional capacity to handle 0 and more sites, pursue the 
project through t o project cycles, nego ate ith the Belarusian authori es and a oreign 
in estor, and e responsi le or the discharge and distri u on o  the car on re enues. arious 
op ons, ranging rom a pri ately organi ed o -spin o  a local non-go ernment organi a on to 
a state-o ned orestry company to a joint enture o  di erent actors (possi ly including the 
oreign in estor) ha e een scru ni ed and discussed ith the Go ernment as the ul mate 

seller o  car on credits and the oreign in estor as the uyer. The crea on o  a joint enture, 
organi ed as a limited company, as held to e the strongest op on.

The prepara on o  the project, including the crea on o  a project en ty, is currently under 
ay. Once the transac on is nali ed, the Belarusian peatlands may ell generate the rst 

oluntary car on credits rom a peatland project in urope i  not orld ide.
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ea  demand is not, ho e er, a lac  o  demand. emonstra ng high co- ene ts such as iodi ersity, 
other en ironmental ser ices and social ene ts ill help projects a ract nance. Peatland projects 
that also all under the R  um rella may e a le to nd nance and mar ets or oluntary emission 
reduc ons under interna onal R  nance. 

.  Global n ironmental Facility (G F) 

The Glo al n ironmental acility (G , h p .thege .org ge climate change) o ers arious 
possi ili es to nance conser a on o  exis ng peatlands and restora on o  degraded lands. The 
main opportuni es or support are ithin the ocal areas climate change mi ga on, sustaina le 
orest management  R , and land degrada on and under the Least e eloped Countries und 

and the Special Climate Change und rame or  dapta on to climate change. G  supports the 
implementa on o  three con en ons, CB , CC and CC  rele ant to peatlands or organic soils. 

or  aiming at suppor ng the conser a on and restora on and sustaina le use o  peatlands and 
organic soils can come under any o  these con en ons.

 de ning eature o  G  unding is that is al ays re uires co- unding, hich under G   is 80 . 
nother central eature is that G  al ays unds country led ini a es. 

The o erall goal o  the G  in climate change mi ga on is to support de eloping countries and economies 
in a transi on to mo e to ards a lo -car on de elopment path. One area o  or  is the promo on o  
the conser a on o  car on stoc s through sustaina le land management. G  also supports crea ng 

ene ts or local economies and their en ironmental condi ons. This can o er interes ng possi ili es 
or peatland conser a on and restora on. 

ith respect to sustaina le orest management and R , the G  ocuses par cularly on the 
implementa on phase o  R  y suppor ng the ollo ing ac i es  de eloping na onal systems 

Har est o  reed or roo ng rom dutch en peatlands. 
Photo  Hans Joosten
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to measure and monitor car on stoc s and uxes rom orests and peatlands, strengthening orest-
related policies and ins tu ons, de eloping policy rame or s to slo  the dri ers o  car on emissions 
rom de oresta on and orest degrada on, esta lishing inno a e nancing mechanisms and pilo ng 

projects to reduce emissions rom de oresta on and orest degrada on. n addi on, the G  is strongly 
suppor ng or  ith local communi es to de elop alterna e li elihood methods to reduce emissions 
and se uester car on. 

The G  ocal area to com at land degrada on aims to contri u ng in arres ng and re ersing current 
glo al trends in land degrada on, speci cally deser ca on and de oresta on, y addressing emerging 
issues or sustaina le land management in rural produc on landscapes. The strategy em odies the 
landscape approach and the ecosystem management principle to maximi e integra on ith other G  
ocal areas on Biodi ersity, Climate Change, and nterna onal aters.

The ollo ing our o jec es orm the asis o  the strategy
1.  Maintain or impro e a sustaina le o  o  agro-ecosystem ser ices to sustaining the li elihoods 

o  local communi es.
2.  Generate sustaina le o s o  orest ecosystem ser ices in arid, semi-arid, and su humid ones, 

including sustaining li elihoods o  orest-dependent people.
. Reduce pressures on natural resources rom compe ng land uses in the ider landscape.

4. ncrease capacity to apply adap e management tools in sustaina le land management.

.5 Policy recommenda ons to o ercome obstacles to nance
 op ons

 ide range o  opportuni es or nancing emissions reduc ons through the conser a on, reha ilita on, 
and sustaina le use o  peatlands exist or are in de elopment. Here e pro ide recommenda ons to 
progress using exis ng op ons and ma ing addi onal necessary decisions. 

nnex  accoun ng rules for L L F
nnex-  countries ith signi cant peat soils are recommended to elect etland rainage and Re e ng 

( R) to ena le projects to reduce emission rom peatlands. 

oint mplementa on
s current rules pre ent J  rom nancing etland rainage and Re e ng projects, the rules must e 
idened so that J  projects can reduce emissions in addi on to enhancing remo als, and y allo ing 

s or RM s to e con erted into R s. 

The lean e elopment Mechanism ( M) 
n order or the C M to ecome a more use ul nance tool or peatland projects the range o  eligi le 

ac i es needs to e expanded to include conser a on, reha ilita on and impro ed management 
o  non- orested peatlands. The C M rules on accoun ng or permanence also need to e re ised. 
Credi le op ons include the use o  insurance and or u er pools17 - a concept already in use in the CS 
and other oluntary standards. 

R
R  countries need technical support to ensure organic peat soils are properly included in a 
country s re erence emission le el or re erence le el de eloped or R  ac i es. a onal plans 
and interna onal nancial support also needs to e in place to address these emissions, other ise 
countries ill ha e a signi cant incen e to either ignore peat emissions or a andon R  en rely. 

17  Bu er pools re uire projects to contri ute a certain amount o  credits into a (shared) pool.  a project loses 
car on stoc  credits can e cancelled rom the u er to ensure o erall en ironmental integrity in the system.
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a onally ppropriate Mi ga on c ons ( M s) 
e eloping countries that ha e peat soils should de elop and su mit projects or ac i es to protect, 

restore, or sustaina ly manage their peat as a M . This is par cularly rele ant or peatlands that do 
not uali y as orest and ould there ore all outside o  R . 

 accoun ng
The uropean Commission s proposal on L L C  accoun ng may e strengthened through ma ing the 
accoun ng or etland drainage and re e ng mandatory across Mem er States. Most importantly, 
ho e er, the respec e legal acts should e adopted promptly so that measures are in place e ore 
201 .  urther measure to ring L L C  and peatland ac i es ithin the scope o  emissions trading 

eyond the  TS ould e to co er them y the ort Sharing ecision and thus ma e them part o  
Go ernment commitments. gain, this may ell happen e ore 2020 and should e prepared through 
a separate proposal y the uropean Commission.

omes c se ng in the 
omes c o se ng under r cle 24(a) o  the  TS should e promulgated y the uropean 

Commission o er the next couple o  years and e orts to de elop na onal plans to acilitate o se ng 
projects (something se eral Mem er States already do or other economic sectors) should e supported. 

 ommon gricultural Policy 
irst steps to ards the conser a on and the sustaina le use o  peatlands ha e een made ith the 

recent legisla e proposals rom the uropean Commission. S ll, the legislator, the Council and the 
uropean Parliament, s ll need to adopt these proposals. Once this is done, a concrete rame or  or 

peatland conser a on, re e ng and more sustaina le management needs to e put in place to ma e 
the est possi le use o  any nancial incen es a aila le.

oluntary mar et 
urther or  is needed to de elop more methodologies or peatland projects along ith on-the-ground 

experience implemen ng them. This ill come ith me and nancial support rom oluntary uyers. 
Lin s et een accoun ng MR  using oluntary mar et standards and M s should e explored.

n all cases, the poten al to increase supply should e met y an interna onal and na onal demand or 
these ne  credits rom nnex  countries, something hich is poten ally a challenging tas .
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Peatlands research in Tierra del uego, rgen na. 
Photo  Hans Joosten
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 4. MRV and practical solutions
ohn ou enberg, Marcel il ius, usanna Tol  Hans oosten

n recent years, much progress has een made in uan ying greenhouse gas uxes rom peat soils. 
Credi le methods or measuring, repor ng and eri ying (MR ) emissions and emissions reduc ons 
rom peatlands are a aila le and arious assessment methodologies are under de elopment and eing 

tested. The ntergo ernmental Panel on Climate Change ( PCC) pro ides methodological guidance and 
as a result o  scien c progress, a supplement to PCC 2006 guidelines ith respect to etlands and 
organic soils ill e ready or adop on y the CCC Con erence o  Par es in 201 . 

This Chapter pro ides an o er ie  o  a aila le methodological guidance and data or uan ying 
greenhouse gas emissions rom organic soils. To address concerns o  countries ith regard to accoun ng 
and MR , this Chapter also pro ides prac cal in orma on on technical issues such as the de ni on o  
organic soils , lac  o  area and ac ity data and dou le coun ng in compliance and oluntary mar ets. 
urthermore it discusses important sa eguards to e ta en.

Box   here to nd informa on on organic soils in your country

Most countries possess in orma on a out the occurrence o  peatlands and organic soils in 
their country. mportant na onal and local sources to consider are

 a onal Soil Sur eys
 a onal Geological Sur eys
 Research ins tu ons o  rele ant ormer colonial po ers
 Land tax authori es
 Cham ers o  agriculture
 a onal orest agencies
 a onal en ironmental or natural resources agencies
 a onal sta s cs agencies
 Sta eholder organi a ons (conser a on, agriculture, orestry, peat extrac on)
 ni ersi es
 Sector experts

nterna onal data sources to consider include
 SR C orld Soil n orma on  h p .isric.org  
  nterna onal Mire Conser a on Group ( MCG) Glo al Peatland ata ase   

h p .imcg.net pages pu lica ons imcg-materials.php lang  
 Ramsar etland ata Gate ay  h p sedac.ciesin.colum ia.edu ramsardg
   Glo al La es and etlands ata ase   

h ps secure. orld ildli e.org science data item1877.html 
 P- CMC etlands data ase  h p .unep- cmc.org  
 nterna onal Peat Society  h p .peatsociety.org  

Surprisingly much in orma on - e it rather disperse - can also e ound in the scien c 
literature, especially ith respect to soils, geology, etlands and palaeoecology. ot to e 
orgo en is the grey literature in the a o e-men oned ins tu ons.
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4.1. What are peatlands and organic soils 

Organic soils are soils ith a su stan al layer o  organic ma er at or near the sur ace. ccording to 
the 2006 PCC Guidelines, soils are organic i  they sa s y the re uirements 1 and 2, or 1 and  elo

1.  thic ness o  organic hori on greater than or e ual to 10 cm.  hori on o  less than 20 cm must 
ha e 12 percent or more organic car on hen mixed to a depth o  20 cm

2.  soils that are ne er saturated ith ater or more than a e  days must contain more than 20 
percent organic car on y eight (i.e., a out  percent organic ma er)  and

. soils are su ject to ater satura on episodes and ha e either
 a.  at least 12 percent organic car on y eight (i.e., a out 20 percent organic ma er) i  the soil 

has no clay  or
 .  at least 18 percent organic car on y eight (i.e., a out 0 percent organic ma er) i  the soil 

has 60  or more clay  or
 c. an intermediate propor onal amount o  organic car on or intermediate amounts o  clay.

Box 8   missions from peatlands

n natural, undrained peatlands, plants capture CO2 rom the atmosphere y photosynthesis 
and x it in plant material. er dying o , part o  the dead plant material remains as peat and 
is under ater logged condi ons not urther decomposed. atural peat orming peatlands 
are a sin  o  CO2 rom the atmosphere. Ho e er, the high ater le els, necessary or the 
conser a on o  large part o  the dead plant material as peat, also s mulate the produc on o  
methane y micro es that are a le to decompose resh plant li er in the a sence o  oxygen. 
Methane produced in the aterlogged part o  the soil can partly e oxygenated hen it 
mo es up ard to ards the atmosphere. Methane may ypass the oxygenated upper soil 
layer, ho e er, y mo ing through the interior o  ascular plant species. Plants that pro ide 
or such a shortcut or shunt et een the root one and the atmosphere are re erred to as 
shunt-species . Com ined, the CO2 and CH4 uxes rom natural, undrained peatlands, result 

in a radia e orcing that - dependent on peatland type - is slightly posi e or slightly nega e 
on the 100 yr mescale. On the long run, all natural peatlands se uester car on rom the 
atmosphere and are climate coolers.

itrous oxide ( 2O) is ormed in peatlands hen inorganic nitrogen is made a aila le through 
peat decomposi on (mineralisa on), through er li er applica on or through nitrogen 
deposi on. itrous oxide emissions are associated ith lo ered ater ta les. n de ciency o  
nitrogen, undistur ed peatlands may act as a sin  o  2O.

hen peatlands are drained, oxygen penetrates the soil causing rapid decomposi on o  the 
peat, and peatlands ecome a major source o  greenhouse gases. hereas CH4 produc on 
ceases under the presence o  oxygen, lo ered ater ta les result in the loss o  soil car on, 

hich is or a large part emi ed as CO2. rained peatlands are a source o  CO2 to the 
atmosphere. et CO2 e ux rates rom drained peat soils are on a erage an order o  magnitude 
higher than the rate o  CO2 upta e in undrained sites. This strong nega e climate e ect o  
drained peatlands is o en intensi ed y concurrent emission o  the more potent greenhouse 
gas 2O. Moreo er, drainage associated res increase emissions su stan ally. Because o  peat 
oxida on and physical compac on, the drained peatland sur ace ill lo er o er me, so-called 
peat su sidence.
Peatland re e ng reduces the emissions rom drained peatland  CO2 and 2O emissions 
strongly decrease, hereas CH4 emissions increase ut generally less su stan ally. n cases 
that a undant resh iomass (crops, mello  grass) is ooded, CH4 emissions may increase to 
such an extent that the climate e ect o  CO2 and 2O emission reduc on is annihilated. This is 
caused y dying o  o  non- etland plants, producing copious ro ng material. These transient 
dynamics  are o  limited dura on as the a aila ility o  easily degrada le resh iomass strongly 
decreases hen etland plants ha e re-esta lished. On the mid- and long-term, re e ng 
o  peatlands may there ore e expected al ays to lead to a net reduc on o  climate rele ant 
emissions rom the peat ody compared ith the drained aseline. 

34



nnex .  in olume 4 o  the 2006 PCC Guidelines o ers criteria or the iden ca on o  organic 
(peat) soils ased on the O (1998) ey to soil types.

The 2006 PCC Guidelines thus largely ollo  the O (1998 2006) de ni on o  Histosol  and lin  (and 
e en e uate) organic soils to peat soils. ndeed, apart rom shallo  ( 10 cm) organic-rich soils o erlying 
ice or roc , organic soils (Histosols) are iden cal ith peat and peaty soils o  at least 40 cm total 
thic ness ithin the uppermost 100 cm, containing at least 12 percent organic car on ( 20 percent 
organic material) y eight. This de ni on de iates rom most uropean de ni ons o  peatland in 
that it s pulates a slightly thic er organic layer and slightly lo er organic ma er content (Joosten and 
Clar e, 2002). PCC (200 , 2006) omits the 40 cm criterion rom the O de ni on to allo  or country 
speci c approaches. To conclude, it is possi le to apply the standard de ni on o  your country as long 
as it is consistently used.

4.2. Recent re ie s of peatland emissions

Peatland GHG uxes are dependent on a ide spectrum o  site parameters that ary strongly o er 
the year, including ater le el, temperature, egeta on gro th and land use. These uxes must e 

uan ed or repor ng and or accoun ng possi le emission reduc ons. n recent years uan ta e 
research into greenhouse gas uxes rom peat soils has ad anced considera ly (see e.g. lm et al., 
2007  Maljanen et al., 2010  Cou en erg, 2011  Cou en erg and rit , 2012  Cou en erg et al., 
2010, 2011  Hooijer et al., 2010, 2012  Strac  2008 or re ie s o  emissions rom oreal, temperate 
and tropical peatlands). The scien c progress has prompted the de elopment o  peatland car on 
repor ng and accoun ng schemes oth under the CCC and its yoto Protocol as ell as on the 
oluntary car on mar et.

4. . P  guidance

The PCC Guidelines that are currently in use in the CCC and the yoto Protocol are the Re ised 
1996 PCC Guidelines or a onal Greenhouse Gas n entories , the Good Prac ce Guidance and 

ncertainty Management in a onal Greenhouse Gas n entories (2000)  and the Good Prac ce 
Guidance or Land se, Land- se Change and orestry (200 ) . n 2006, the PCCC urthermore 
produced the 2006 PCC Guidelines or a onal Greenhouse Gas n entories . The use o  these 
guidelines is not yet o ligatory, ut star ng ith the second commitment period o  the yoto Protocol, 
the 2006 PCC Guidelines do apply to those countries that ha e ra ed the yoto Protocol. n the 2006 
PCC Guidelines an appendix pro ides (incomplete) guidance on etlands, including on peatlands used 
or peat extrac on. missions rom drained organic soils are addressed already in the exis ng PCC 

guidance, here emission actors are ound or orestland, Cropland and Grassland.

n 2010, CCC in ited PCC to explore de elopment o  supplementary guidance on organic soils, 
par cularly also addressing restora on and re e ng o  drained peatlands. n response to this 
in ita on PCC is currently dra ing its Supplement to 2006 PCC Guidelines or a onal Greenhouse 
Gas n entories  etlands , to e nished in 201 . T o Chapters o  the PCC Supplement ill address 
greenhouse gas emissions and remo als rom peatlands  Chapter 2 ill pro ide cross cu ng guidance 
on drained organic soils co ering all land-use categories. The PCC s Supplement s Chapter  ill pro ide 
guidance on re e ed peatlands.

The supplementary Chapter on drained peat soils ill address emission actors or drained organic 
lands co ered under the land use categories o  orestland, Cropland, Grassland and etlands.  re ie  
o  exis ng PCC guidance on drained organic soils re ealed considera le opportunity or impro ement 
(Cou en erg, 2011). On the asis o  recent scien c de elopments, the ne  Chapter ill update 
exis ng methodologies and emission actors o  the 2006 Guidelines and ll gaps here ne  insight 
allo s. The Chapter ill re ne emission actors y including drainage classes that address the intensity 
o  land use and ill pro ide a ider geographical co erage, including tropical peat soils. mpro ed Tier 
1 emission actors ill e pro ided or CO2 (Chapters 4 to 9 o  olume 4 o  the 2006 PCC Guidelines), 
CH4 (Chapter 7) and 2O (Chapter 11).
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Moreo er, the Chapter ill ll arious gaps in the 2006 PCC Guidelines y pro iding methodologies 
and emission actors or CH4 emissions rom drainage ditches as ell as or indirect CO2 emissions 
associated ith ater orne car on losses rom drained organic soils. n addi on, guidance ill e 
pro ided or the de elopment o  higher Tier methods to es mate GHG uxes rom drained peatlands, 
ocusing on country-speci c emission actors associated ith, or example, di erences in nutrient 

status and management prac ces.

The Chapter on re e ng and restora on o  peatlands ill co er all prac ces that restore the ater 
ta le o  a drained peatland ac  to a depth at hich hydrological and iogeochemical processes 
characteris c o  saturated soils are re-esta lished. Only the re e ng caused y direct human ac ity, 
such as loc ing drainage ditches or disa ling pumping acili es, is considered. hereas re e ng 
cur s the loss o  CO2 and 2O to the atmosphere, the aterlogged condi ons also introduce e ux o  
CH4 or hich no guidance as a aila le in the 2006 PCC Guidelines. The scien c asis or de eloping 
CH4 emission actors is ample, ho e er (Cou en erg and rit , 2012).

or tropical regions, e idence o  success ul re e ng o  peatlands that restores the ater ta le to the 
pre-drainage condi ons o ser ed in pris ne peatlands as insu cient to pro ide a sound asis or 
the de elopment o  de ault emission actors. lux measurements rom pris ne peatlands ill e used 
to arri e at emission actors or re- e ed peatlands in these regions. Similarly, a comparison o  GHG 

uxes rom undrained, pris ne peatlands ith uxes rom re e ed sites has sho n that ux alues are 
similar or most gases in temperate and oreal regions.

Guidance ill e pro ided or the de elopment o  higher Tier methods to es mate GHG uxes rom 
re e ed peatlands, ocusing on country-speci c emission actors associated ith, or example, 
di erences in nutrient status, egeta on co er, management prac ces and me since re e ng. 
Moreo er, ater orne car on uxes may e addressed. Par cularly ith respect to CH4 uxes, prior 
land-use can in uence uxes rom re- e ed peatlands hen the presence o  easily degrada le 
organic material results in a transient period o  excessi e methane e ux. Changes in CH4 emissions 
and remo als o er me are li ely lin ed to egeta on succession and guidance ill urge countries to 
include in orma on on egeta on de elopment. 

nder Tier 1, 2O emissions rom re e ed peatlands ill li ely e deemed insigni cant under the ne  
PCC guidance.

griculture on peatlands in Polessie, raine. 
Photo  Hans Joosten
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4.4. Guidance pro ided by the oluntary mar et 

n l recently, oluntary car on mar ets did not oster any peatland projects. n March 2011, the 
eri ed Car on Standard ( CS), the glo ally dominant standard ith 4  o  recorded transac ons in 

2010, pu lished its ne  guidance or land use projects, including a ne  category o  Peatland Re e ng 
and Conser a on (PRC) projects. The PRC guidance allo s or t o main types o  peatland projects  
Re e ng o  rained Peatland (R P) and Conser a on o  ndrained or Par ally drained Peatland 
(C PP). Both types may e com ined ith exis ng land use categories under the CS programme.

The PRC re uirements are part o  the general CS OL  re uirements that pro ide guidance ho  
projects can comply ith the CS standard. Based on these re uirements, methodologies are de eloped 
that explain step- y-step ho  a project shall es mate its emission reduc ons or remo als. inally, 
project descrip on or design documents ll in the speci cs set out in a methodology document and 
pro ide in orma on speci c to the project. t present se eral methodologies are under de elopment 
and accessi le through the CS e site ( . -c-s.org).

Conser a on o  ndrained or Par ally rained Peatland (C PP) concerns ac i es that a oid drainage 
in undrained (or urther deeper drainage in par ally drained) peatlands that are threatened y 
drainage. These ac i es aim at reducing CO2 emissions y a oided peat oxida on and or y a oiding 
increased re incidence. Projects that con nue or maintain ac e drainage are not eligi le. Re e ng 
o  rained Peatland (R P) concerns esta lishing a higher ater le el on drained peatland. 

n peatlands, GHG emissions largely depend on hydrological condi ons. There ore, most PRC 
re uirements relate to hydrology or to soil moisture-dependent processes. Projects must demonstrate 
that there is either no hydrological connec ity to adjacent areas, or that a u er one is esta lished to 
ensure that adjacent areas ill not signi cantly a ect the project area and ice- ersa. lterna ely, or 
R P projects, ecological  lea age must e accounted or in areas that are hydrologically connected to 
the project area (e.g. orests that die o  outside the project area as a result o  re e ng o  the project 
area). PRC projects must urther account or lea age due to ac ity shi ing.

To uan y emission reduc ons, projects must esta lish an ex-ante aseline and a project scenario. 
The project scenario descri es GHG uxes in the project area and possi le lea age emissions outside 
during the project credi ng period, hich typically spans 0 to 0 years. The aseline scenario descri es 

hat ould ha e happened during this me in a sence o  the project measures. Both the aseline and 
the project scenario must e re ie ed regularly and updated hen necessary. The amount o  emission 
reduc ons generated is calculated as the di erence et een project and aseline emissions.

GHG emissions or oth the aseline and project scenarios can in the CS-PRC e assessed using 
ater le el or another jus a le parameter as a proxy. missions o  CH4 rom drained peatland are 

negligi le and may conser a ely e neglected in the aseline. Transient pea s o  CH4 a er re e ng, 
ho e er, necessitate the inclusion o  CH4 in the project emissions calcula on. 2O emissions also must 

e included.  methodology esta lishes the criteria and procedures y hich the CH4 and 2O sources 
may e deemed insigni cant ( or hich CS has set speci c rules) or may e conser a ely excluded 
( ased on a uan ta e assessment or y using peer-re ie ed literature). 

Methodologies or Re e ng o  rained Peatland (R P) projects explicitly addressing anthropogenic 
peatland res must esta lish procedures or assessing the aseline re uency and intensity o  res in 
the project area.

PRC projects must demonstrate that their peat car on stoc  is permanent . The maximum uan ty o  
GHG emission reduc ons that may e claimed y a project is limited to the di erence in peat car on 
stoc  et een the project and the aseline scenario a er 100 years. This limit is esta lished ecause 
in peatlands that are not ully re e ed, the peat ill con nue to oxidi e leading to GHG emissions 
and su sidence and possi ly to a complete deple on o  the peat. Moreo er, con nued degrada on 
and su sidence o  the peat may cause peat to e depleted in the aseline ithin the project credi ng 
period. Projects may only claim emission reduc ons or the period in hich peat remains present in 
the aseline. The current methodologies under de elopment pro ide rela ely simple procedures or 
es ma ng the deple on o  the peat layer.

37



4.5. Prac cal solu ons for challenges

onser a sm in case of uncertainty
nder the current CCC repor ng system, es mates o  emissions should e accurate in the sense 

that they are systema cally neither o er nor under the true alue, so ar as can e judged, and that 
uncertain es are reduced so ar as is prac ca le  ( CCC, 200 ).

hereas the capacity or monitoring greenhouse gas uxes rom peatlands is rapidly increasing (see 
a o e), in some countries and situa ons (e.g. CH4 emissions rom recent re e ng, 2O emissions 
rom drained en peatlands) the o erall es mates may not yet e ery accurate. n such cases the 

principle o  conser a eness  has to e applied and reduc ons should e es mated at the lo  side o  
the range. This means that the lo est reasona le emissions ha e to e used in the aseline accoun ng 
and the highest reasona le emissions in the commitment period.

The conser a eness principle is already applied in the yoto Protocol, e.g. in 16 CMP.1 (annex par. 21) 
and as a puni e  instrument applied y re ie ers in the adjustment procedure o  the P repor ng. 
The conser a eness principle contri utes to clima c integrity and pro ides a in- in op on. t 
guarantees that accoun ng or emissions reduc ons rom peatlands does not lead to a e emission 
reduc ons. On the other hand, the approach ill s mulate countries to increase the uality o  repor ng 
and de elop methodologies or assessing emissions and remo als more accurately.

i cul es ith data a aila ility and certainty ha e ne er led to exempt gases and sectors. n agriculture, 
or example, 2O hich is responsi le or 6  o  total GHG emissions in the -27 is accounted e en 
ith an uncertainty o  around 100  (personal communica on y Giacomo Grassi (JRC)).

ouble coun ng 
ou le coun ng, some mes also re erred to as dou le-mone a on , dou le selling  or dou le-

claiming , is the dou le (or mul ple ) selling o  the same GHG emission reduc on or remo al under 
di erent standards or systems. ou le coun ng is par cularly rele ant hen oluntary mar et 
ini a es are de eloped in countries that are also su ject to compliance mar et accoun ng (such as 
the yoto Protocol). 

Most oluntary mar et standards - including the CS - address this issue y re uiring the cancella on 
or re rement o  an e ui alent num er o  credits rom the compliance mar et e ore oluntary 
mar et credits are issued. This solu on ould also apply to the land use, land use change and orestry 
sector, including the ne  etland rainage and Re e ng  ac ity.  a Party chooses to elect to 
account or etland rainage and Re e ng under r cle .4 o  the yoto Protocol during the second 
commitment period, it could cancel yoto units or any rele ant oluntary mar et projects to a oid 
dou le coun ng.  a country chooses not to do this, the CS and any other credi le standard ould 
simply stop issuing oluntary mar et credits. Similarly i  the C M ere expanded to include etland 

rainage and Re e ng, accoun ng rules ould pre ent oth C Rs and oluntary mar et credits eing 
issued or the same project. n either case dou le coun ng et een yoto Protocol and oluntary 
mar et standards can e readily a oided. 

Lac  of area and ac ity data
Countries may ha e concerns that they are not yet a le to manage the necessary in entory and 
monitoring rom peatlands and organic soils.  concern lin ed to this is that hile such methods exist, 
they tend to e expensi e. 

Se eral assumed gaps in data a aila ility do not exist or are not uni ue to peatlands. To monitor 
greenhouse gas uxes rom peatlands, you only need data on the extent and loca on o  drained lands, 
organic soils and the rele ant emission actors, not on the peat depth. The rst data are easily a aila le 
in nnex 1 countries as they are lin ed to land maps and in orma on on land use ac i es that are 

ell registered in de eloped countries. ata or a andoned lands can also e easily deri ed rom the 
pre ious men oned in orma on on land use ac i es, ecause emissions con nue a er termina on 
o  land use un l all peat is gone or the drainage system collapses. 
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The limited e ort to impro e the completeness o  repor ng data in nnex 1 countries as recogni ed 
y the uropean Commission in its recent legisla e proposal on accoun ng rules or the land use 

sector. The proposal men ons that, as organic soils only ma e up 2  o  the total land sur ace in the 
uropean nion, the addi onal e orts o  impro ed completeness o  repor ng should e limited and 

there ore the rst essen al step could e ta en rather s i ly . 

or de eloping countries, these data are o en not readily a aila le and collec ng the in orma on 
re uires signi cant e orts, such as is currently underta en in ndonesia, supported y ilateral and 
ins tu onal in estments. specially the rican and merican tropics here peatlands indeed occur 
are o  high priority or the in entory (see Chapter 2.1). The de ault alues necessary or es ma ng the 
GHG uxes, are pro ided y the exis ng PCC guidance on peatlands and are urther impro ed in the 
supplement that ill e a aila le in 201  (see a o e). 

mpro ing repor ng in a onal n entories
n their a onal n entories, countries ha e to report emissions and remo als rom mineral and organic 

soils separately ithin the PCC land categories. rom 200  on ards, nnex  Par es ere already 
o liged to su mit emission and remo al data rom organic soils rom ac  to 1990. The uality o  these 
data aries, ho e er. Some countries use the de ault Tier 1 method o  mineral soils or their orest area 
on organic soils hich may lead to a (se ere) underes ma on o  emissions. 

Others reported CO2 or 2O emissions rom Grassland and Cropland (and in one case e en other 
categories) aggregated (Barthelmes et al., 2009). n se eral cases countries ha e reported  in orma on 
else here  or - rongly - not applica le  (See examples on orest land, cropland and grassland 
accoun ng on pp. , 140, 141, 14 , 148, 149, 1 2,1 , 1 6, 161 o  CCC B S 2011). 

s organic soils are a ey source o  emissions or se eral countries, repor ng should and can e 
considera ly upgraded. Much can e impro ed already y ollo ing the guidance o  the PCC 2006 
Guidelines and its supplement once a aila le. Capacity uilding and asic data gathering ith respect 
to peatland repor ng is urgently needed in most de eloping countries.

The use of proxies
Peatlands do ha e par culari es that ma e monitoring challenging, including their mix o  greenhouse 
gases and the act that car on stoc  changes cannot easily e used as a proxy or greenhouse gas 

uxes. This challenge is ho e er not uni ue to peatlands and organic soils, ut applies also to other 
ac i es in the land use and other sectors.

etailed methodologies or monitoring all major emissions rom peat soils in all signi cant situa ons 
either already exist or are rapidly de eloping. The most o ious thing ould e to measure on the 
project site all GHG uxes (emissions and remo als) that occur e ore, during, and a er the inter en on. 
ndeed, ade uate techni ues exist to measure these uxes in detail, ut these are generally too 

complex and too expensi e or idespread monitoring. There ore indirect methods - ia so called 
proxy aria les or proxies  - are used or assessing the uxes (Joosten and Cou en erg, 2009). Three 
methodologies ( ased on ater le el, egeta on and su sidence) allo  or immediate aseline se ng 
and monitoring, ecause the proxy data can e immediately mapped and translated into greenhouse 
gas ux es mates. ccuracy o  the es mates can later e impro ed a er impro ed cali ra on o  the 
proxies. Se eral German ederal states, or example, ha e already presented detailed, comprehensi e 
assessments o  the actual GHG uxes rom their en re peatland area.

Monitoring of uxes from tropical peat forests
or tropical countries, all ac i es and processes related to anthropogenic greenhouse gas uxes and 

car on losses rom peat s amp orests (remo al o  (su stan al) tree iomass, increased drainage o  
peat soils, and peat res) can easily e monitored. ll these uxes are associated ith changes in cro n 
co er o  orests on peat soil and or expansion or altera on (intensi ca on) o  drainage structures 
(canals ditches) in peatlands. 
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 simple yet meaning ul system o  monitoring peatlands at the na onal le el can e ased on (exis ng) 
maps or atlases, extended ith higher resolu on data. This in orma on can e com ined ith

  all-to- all remote sensing o  land use and land co er change using high-resolu on satellite 
imagery  

 simple conser a e algorithms or assessing the emission e ects o  land use change  and
 de ault emission actors in the 2013 Supplement of the IPCC 2006 Guidelines: Wetlands. 

On a district and project le el, this system could e re ned urther, e.g. y using (direct) ater le el and 
su sidence measurements to assess emission reduc ons and car on remo als related to re e ng 
and re oresta on ac i es. urther re nement o  the monitoring system should e encouraged using 
addi onal no ledge gained o er me. 

4. .  Prac cal solu ons for mee ng R  safeguard commitments 
 in peatland areas

 num er o  issues should e considered hen dealing ith the sa eguards de ned y the CCC. 
Sa eguards ill generally ha e a high le el o  country speci city and the ollo ing should thus e seen 
as aspects and examples that need urther re ie  ithin the rele ant na onal or e en local context. 

afeguard 1  Policy coherence and consistency ith interna onal agreements
n most parts o  the orld hardly any coherent policies exist or peatlands, re ec ng the general lac  

o  no ledge and a areness on peatland alues and issues. nstead, na onal and regional policies 
and legisla on promote or support unsustaina le uses o  peatland, including drainage, de oresta on, 
drainage dependent agriculture and peat mining, hich contri ute to the dispropor onately high 
emissions rom peatlands orld ide. 

Boy running rom pea ire, Central alimantan, ndonesia
Photo  lue ohong
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n most countries the idea that natural peatlands are astelands that should e ameliorated remains 
em edded in policy and legisla on. s a result, the con ersion and unsustaina le use o  peatlands 

y industry, armers and local communi es ( oth indigenous groups and immigrants) are generally 
ac ely supported ith the expecta on that this ill contri ute to economic de elopment and po erty 
reduc on, not ithstanding the serious nega e en ironmental and ensuing socio-economic impacts 

hich are generally not recogni ed or ac no ledged. or instance, the current ndonesian agricultural 
and orestry policies ignore the long-term impacts o  drainage related su sidence that ill a ect large 
stretches o  coastal areas o  Sumatra and Borneo. 

R  programs should thus include a ocus on re ie  o  na onal, regional and sectoral policies and 
legisla on that impede sustaina le peatland management, including restora on and conser a on or 
climate change mi ga on. 

afeguard 2  Transparent and e ec e go ernance
Similarly, R  programs may o er the opportunity to address some o  the current ea nesses and 
inconsistencies in policy and legisla on o  arious de elopment sectors that impact on the car on 
storage and other unc ons o  peatlands. 

 use ul example is the Presiden al decree o 10 11 or a Moratorium on the ssuing o  e  Licenses 
and mpro ement o  Land- se Planning or Primary orests and Peatlands in ndonesia, announced 
in May 2011, hich relates to the Memorandum o  nderstanding (Mo ) et een ndonesia and 

or ay or coopera on on R . t pro ides opportunity to re ie  current land-use and land-use 
plans and the underlying sectoral de elopment policies and suppor ng legisla on, hich o er the 
last decades ha e led to the most rapid con ersion o  tropical peat s amp orests orld ide. n the 

uropean nion a recent example is the inclusion o  peatland speci c clauses in the Rene a le nergy 
irec e and the uel uality irec e that ta e account o  the high emissions rom iomass produced 

on drained peatland. 

afeguard  Respect for no ledge and rights of indigenous and local communi es
hereas in many countries sustaina le tradi onal uses o  peatlands exist (e.g. natural erry and 

mushroom har es ng, hun ng, sheries and sports shing, reindeer herding, collec on o  medicinal 
plants, use o  peatlands or supply o  pota le ater and ater or irriga on), there are also examples 

here tradi onal use has de eloped into seriously unsustaina le prac ces. The line et een tradi onal 
indigenous and modern indigenous may e di cult to dra . t can e ues oned, or instance, ho  
tradi onal peatland drainage or agriculture in urope is, hich in e.g. the etherlands has rendered 
one-third o  the country to e lying meters under sea le el re uiring illions o  euros or in estments 
in di es and pump-operated drainage systems. Ho  tradi onal is the rish custom that each amily is 
en tled to mine a peat area or producing tur  or uel, a prac ce that no  hea ily endangers the last 
natural og remnants o  reland that are o cially protected  hile use o  re played a ey role in 
tradi onal slash-and- urn agriculture in many tropical orest regions, the expansion o  this tradi onal 
prac ce to permanent agriculture o  annual crops on peat in ol es the huge ris  o  uncontrolla le peat 

res that result in huge emissions, impact on pu lic health and lead to the loss o  natural resources 
and in estments.

ery here in the orld e can nd examples here certain peatland uses that ere considered 
tradi onal ha e een a andoned as a result o  the ensuing peatland degrada on or in rela on to 
economic transi ons. To hat extent should local and or tradi onal rights e ac no ledged i  this 
results in serious impact on the alua le ecosystem ser ices o  peatlands (including their iodi ersity, 

ater supply and car on storage unc ons) and ill cause the resource ase to hich the rights apply 
to e destroyed

R  programs need to and do o er a ne  opportunity to re ie  such uses in order to remo e 
or constrain the unsustaina le use and strengthen, enhance and or expand community rights or 
de eloping and maintaining sustaina le tradi onal and other sustaina le uses such as paludicultures. 
R  also opens up op ons or communi es to ac ely par cipate in peat s amp orest management, 
reha ilita on and conser a on in order to maintain and restore the elo  and a o eground car on 
stores. This may in ol e reducing emissions y replacing unsustaina le tradi onal land-uses into 
sustaina le peatland use prac ces as ell as car on se uestra on through peatland conser a on and 
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paludiculture. Car on nancing may help to trigger such shi s in li elihood. Recently, some 0,000 ha 
o  armland on peat in orth-east Germany ere su jected to a land s ap mo ing the arms to mineral 
soil areas, largely nanced ith iodi ersity conser a on su sidies. R  programs should stri e to 

uild on and op mi e such opportuni es to ena le e uita le sharing o  ene ts. 

afeguard 4  Full and e ec e sta eholder par cipa on
Community engagement and pro ision o  community sa eguards are essen al or land- ased car on 
projects to enhance e ec e program implementa on and sustaina ility o  results and to reduce 

usiness ris s. Such engagement is re uired y the CCC as ell as arious eri ca on standards 
and it is included in most Corporate Social Responsi ility programs. Moreo er, ith natural resources 

ecoming a so-called scarce glo al property good  local communi es and poor in the scram le or 
these resources tend to end up at the losing end o  the rope. R  programs o er the opportunity 
not only to sa eguard local communi es or such losses ut to ma e them actually ene t.
 
n most cases success o  R  projects, hether go ernment or pri ate sector dri en, ill depend 

on appropriate in ol ement o  local communi es and can ene t rom indigenous no ledge. The 
standard o  the Climate, Community and Biodi ersity lliance (CCB ) re uires pro en ene ts or oth 
communi es and iodi ersity and pro ides as such a suita le star ng point to ensure sa eguards or 

ulnera le groups.

ith respect to peatlands sta eholder par cipa on is also essen al to ena le agreement on measures 
that ill restrict or restrain certain uses or e en access to areas. n ndonesia, or example, most 
peatland areas ha e een isected y numerous channels, dug or agricultural de elopment (drainage 
systems) or or illegal logging (channels pro iding easier access to peat s amp orests and easy ay to 
remo e logs). Local community or indi idual o nership o er such channels can e claimed or many 
reasons, ut o en channels are appreciated as they do pro ide easier access to the remaining natural 
resource ase. ec e hydrological reha ilita on ill thus re uire the consent o  the o cial o ners 
as ell as the regular users in order to gain their coopera on ut also to pre ent sa otage. Peatland 
reha ilita on ill re uire a su stan al amount o  la or, hich can only e pro ided y local people. 
ntegra ng peatland reha ilita on ith needs or socio-economic de elopment o  local communi es 

can create in- ins or all sta eholders. Bloc ing o  large peatland drainage systems, or instance, 
may pro ide opportunity or a uaculture de elopment. Communi es in Russian peatlands are no n 
to ha e pre ented peatland drainage to sa eguard their erry and mushroom collec on areas. Gi en 
the right approaches and appropriate consulta ons ith local sta eholders such in- in op ons can 

e explored, piloted and upscaled as part o  R  programs. Bio-rights, a rights- ased approach 
or com ining sustaina le economic de elopment ith reha ilita on o  the natural resource ase, 

en ironment and iodi ersity, o ers a mechanism in hich so  loans or e en interest ree micro-credits 
or sustaina le de elopment are pro ided in exchange o  community par cipa on in iodi ersity 

conser a on and en ironment reha ilita on. 

afeguard 5  Biodi ersity
ey in R  programs in peatland areas ill e the recogni on o  the need or an ecosystem ased 

approach. The eco-hydrological ulnera ility o  peatlands re uires the securement o  the hole 
unc onal ecosystem. hereas it ould e pre era le to ocus on en re catchments, in many countries 

these may e di cult to secure in the short to medium term as a result o  mosaic pa erned land 
o nerships. specially the rapid con ersion o er the last decades o  tropical peat s amp orest areas 
in South-east sia or agriculture de elopment, and the recent land gra  y the oil palm and cacia 
pulp ood sectors ma e it di cult to secure en re peat domes. O er 9  o  all peatlands in ndonesia 
and Malaysia ha e een a ected y some le el o  logging and or con ersion, and it is di cult i  not 
impossi le to nd any pris ne peat s amp orest ecosystem, e en in protected areas. n this regard it 

ill e crucial to ensure that under R  priority is gi en to conser ing the remaining peat s amp 
orests, including orests that ha e een degraded y selec e logging or e en more degraded orests 

that can s ll ha e signi cant alue or iodi ersity conser a on. ithin distur ed landscapes R  
projects should ocus on the largest possi le eco-hydrological peatland unit. Highest chances or 

ene ts to iodi ersity conser a on ill e in areas here reha ilita on projects o  se erely degraded 
areas are situated adjacent or close to remaining peat s amp orests and other high iodi ersity 
poc ets, or here they can pro ide a corridor unc on et een high conser a on alue (HC ) areas. n 
reha ilita on, care should e ta en to use indigenous peat s amp orest tree species or re oresta on. 
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afeguard  c ons to address ris  of re ersal
The main guarantee or pre en on o  re ersals ill e the op mal engagement and support o  the 
local communi es and other major sta eholder groups. This re uires the de elopment o  a ro ust 
and credi le per ormance ase. t necessitates uilding on ull ac no ledgement o  tradi onal land 
o nership and natural resource use rights, in com ina on ith long-term or permanent ecosystem 
reha ilita on and car on management plans and regulatory rame or s (such as e.g. long-term 
car on concessions). in- in op ons ill enhance community and other sta eholder support. 
Pri ate sector in ol ement in in estment in peatland reha ilita on, conser a on and sustaina le 
management pro ides a ey op on or the necessary long-term nancing commitment. This should, 
ho e er, not reduce pressure on industry and transport sectors to reduce their o n emissions. O sets 
should e addi onal to credi le GHG emission reduc on programs and e limited to compensate only 
or una oida le emissions. 

afeguard  c ons to reduce displacement of emissions
 major di erence o  R  projects in peatlands compared to other orests and land areas is that 

the ey element in peatlands is the elo  ground car on store. missions rom clearing a orest 
primarily in ol e the remo al and oxida on o  orest iomass. These emissions can e considered to 

e more-or-less instantaneous  they stop ery soon a er clearing stops (and may e promptly re ersed 
y su se uent orest regenera on). n contrast, emissions rom peatland drainage con nue un l the 

drained area is e ec ely re e ed (reinstalling ater le el and re egeta on) or the en re peat is 
depleted - i.e. emissions may con nue or decades, or e en centuries, a er clearing and draining. 

rainage o  addi onal areas ill add to these ongoing emissions. hereas reducing emissions rom 
de oresta on may e achie ed y decreasing the rate o  orest con ersion, decreasing the rate o  
peatland con ersion ill s ll result in increased emissions. missions rom already drained peatlands 
are ongoing and emission rom ne ly drained peatlands ill e addi onal to these.  the rate o  
con ersion is reduced, less emissions are added than ere added in pre ious years, ut these emissions 

ill e addi onal nonetheless. Reducing emissions rom peatlands can there ore not e achie ed y 
reducing the rate o  peatland con ersion ut re uires ac e reha ilita on o  already drained peatlands. 
Peatland reha ilita on is the only ay to reduce or stop ongoing long-term degrada on processes and 
their related GHG emissions. 

 a par cular drainage dependent peat land use is stopped there is a chance that this land-use ac ity 
ill mo e to another not yet degraded peatland or peat s amp orest, thus causing a displacement o  

emissions. Ho e er, this chance may e rela ely small or se eral reasons

  There are hardly any non-degraded peat s amp orests le  in est- ndonesia and Malaysia. 
t ill e di cult to nd any peat dome that is intact (i.e. not een su ject to par al logging, 

con ersion, drainage and or re).  displaced ac ity could, ho e er, s ll enhance emissions in 
such circumstances, including through de oresta on and intensi ca on o  drainage. 

  or South-east sia, the region ith the highest rate o  peat s amp orest con ersion, it is 
an cipated that all peatlands outside o  protected areas ill under current land con ersion policies 

e de orested and drained ithin 10 years (Mie nen et al. 2012). isplaced land-use ac i es ill 
thus generally only replace other contenders or the same area. 

  n other regions ith major peat s amp orest areas and lo  rates o  peat s amp orest 
degrada on it is li ely that policy rame or s are already in place that discourage or pre ent such 
ne  peat s amp orest reclama ons. n other cases the R  project should ac ely or  ith 
local sta eholders to iden y suita le replacement areas, e.g. degraded and de orested areas on 
mineral soils that ha e een in such a state or se eral years.
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long the coast o  Bra il and the countries o  the Guyana shield there are extensi e peat s amp orests on 
deep peat, such as along the Rio Preto near Sao Paulo. 

Photo  Marcel Sil ius
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 5. Country-wise opportunities
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Rene ommain, lexandra Barthelmes, Franzis a Tanneberger, le a Bonn, li on Bain  Hans 
oosten

The principle o  the  rame or  Con en on on Climate Change ( CCC) that countries ha e 
common ut di eren ated responsi ili es and respec e capa ili es  explicitly accounts or 

peatlands. Some countries ha e hardly any peatlands in produc e use hereas others ha e drained 
almost their en re peatland resource. Some countries are rich in peatlands, others ery poor. 
Conse uently countries  challenges and opportuni es ith respect to e er management and larger 
mi ga on op ons di er. 

n this chapter e illustrate the di erent responsi ili es and opportuni es o  arious countries y 
example o  the ollo ing countries and regions

 Southeast sia  ndonesia and Malaysia  
 uropean nion  Poland and nited ingdom
 astern urope  Belarus, Russian edera on and raine
 Central sia  China and Mongolia
 rica  Congo asin and ganda  and
 ma on Basin  Bra il, Guyana Shield and Peru.

5.1. outheast sia  ndonesia and Malaysia 

Southeast sia is y ar the orld s most important peatland hotspot, ith hal  o  the glo al peatland 
emissions origina ng rom this region and peat s amp de oresta on and drainage eing extremely 
ast. 

Tropical peat s amp orests represent a uni ue ecosystem comprising interdependent io c and 
a io c components (see Box 9). ny change to the natural alance et een ater, soil and egeta on 

ill result in GHG emissions. The enormous pool o  soil car on in their peats (on a erage per hectare 
ten mes larger than the car on stoc  o  tropical orest on mineral soil) ma es peat s amp orests in 
their emission eha iour undamentally di erent rom normal  orests ( i isono et al., 2011).

The distri u on and use o  peatlands in Southeast sia are rather ell-documented. Large areas o  
peat s amp orest ha e een reclaimed or agriculture and planta ons or lay temporarily a andoned 
a er de oresta on or re. hen drained, de orested or degraded, peat s amp orests release the peat 
car on much aster than it has een se uestered (Cou en erg et al., 2010  ommain et al., 2010 and 
2011). 

Once distur ed, the remaining peat soils con nue to emit and are responsi le or enormous greenhouse 
gas emissions. n ndonesia drained peatlands are responsi le or o er 60  o  its total emissions ( P , 
2010). The rapid de oresta on and drainage o  peat s amps or con ersion to oil palm and pulp ood 
planta ons has an enormous e ect on long-term emission pa erns and orms a tremendous threat 
to iodi ersity. Su stan al emission reduc ons are possi le, ut only i  remaining good uality peat 
s amps are ully protected, ast areas o  deeply drained peatland are re e ed and e ec e re 
mi ga on measures are implemented.

Reha ilita on o  degraded areas that order remaining peat s amp orests or that ould pro ide 
corridor unc ons et een High Conser a on alue (HC ) areas has the highest prospects to impro e 

iodi ersity conser a on and restora on o  ecosystem ser ices such as ater reten on. Care should 
e ta en to use indigenous peat s amp orest tree species or re oresta on. 



Box   Peat s amp forests  ecology and biodi ersity 

Peatlands are ecosystems here - under condi ons o  permanent ater satura on - dead 
and decaying plant material has accumulated to orm a thic  organic soil layer (peat). nli e 
other orest, peat s amp orest is a uni ue ecosystem  ith ery close interac ons et een 
egeta on, peat and ater that operate as sel -regula on  mechanisms and ena le these 

domed organic landscapes to persist under arying clima c condi ons or thousands o  years 
( ommain et al., 2010 and 2011). n natural peat s amp orests, the orest pro ides the 
plant material and acilitates the et condi ons or peat orma on, car on se uestra on and 
car on storage. 

Peat s amp orests are the ha itat o  many endemic plant and animal species. ndemic auna 
recorded only in this ha itat in Southeast sia include alse Gharial (Tomistoma schlegelii), 
Storm s stor  (Ciconia stormy), hite- inged ood uc  (Cairina scutulata), Hairy-nosed 
O er (Lutra sumatrana), Blac  Partridge (Melanoperdix nigra), many species o  sh, many 
species o  dragon ies, Pro oscis mon ey ( ), and lat-headed Cat (Prionailurus 
planiceps). There are also many species o  irds ound only in peat s amp orests. n l 
recently many iologists considered the lac  ater o  peat s amp orests to e lo  in 

iodi ersity and produc ity. n act peatlands ha e simply een poorly studied. n Peninsular 
Malaysia 10  o  all sh species are ound only in peat s amps. npu lished data sho  this 

gure is e en higher in Borneo. 

Peat s amp orests are also home to many endemic tree species including Ramin (Gonystylus 
bancanus), Dactylocladus stenostachys, Copaifera palustris, Belangeran (Shorea belangeran), 
S amp meran  ( ), Jelutung ra a (Dyera polyphylla), Pulai ra a (Alstonia 
pneumatophora), Perapat (Combretocarpus rotundatus), and Gemor (Alseodaphne coriacea). 

rom orty- e ipterocarps tree species ound in peat s amp orest in Sumatra, alimantan, 
Sara a  and Sa ah, t enty are classi ed y C  as Cri cally ndangered, eight as 

ndangered, three as ulnera le and one as Least Concern (Paoli et al., 2010).

Ramin (Gonystylus bancanus) is one o  peat s amp orest endemic species ith a high 
economic alue. t as hea ily exploited y m er companies and illegal loggings ollo ing 
roc e ng interna onal demand. C T S listed this species in ppendix  in 2001 and then 
ollo ed in ndonesia through Ministry ecree o.127  2011 on moratorium o  Ramin 

exploita on. n 2004, C T S li ed up the status to ppendix 2. These serious measures ha e 
success ully resulted in a signi cant drop in Ramin exploita on. This example pro es that 
policy inter en on can e ery e ec e or conser ing and protec ng selected species.
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Indonesia

ndonesia is the country ith the largest tropical peatland area. O  the glo ally 440,000 m2 tropical 
peatland (Page et al., 2011) 210,000 m2 are located in ndonesia ( ahyunto et al., 200 , 2004 and 
2006). The peatland areas are ound in ndonesian Papua (79,7  m2), Sumatra (72,04  m2) and 

alimantan ( 7,692 m2  ahyunto et al., 200 , 2004 and 2006). 

Originally all the lo land peatlands o  estern ndonesia ere orested. Ho e er, intensi e land-
use, par cularly o er the last t enty years, has massi ely reduced the co er o  peat s amp orests, 
par cularly in Sumatra and alimantan (Ta le 4, Mie nen et al., 2011 and 2012a). O  the original o er 
210,000 m2 peat s amp orests in ndonesia only 100,000 m2 remained y 2010 (Ta le 4). 
Most peat s amp orest in ndonesia has een and s ll is destroyed or small-holder agriculture under 
the transmigra on programme, or industrial planta ons o  rican oil palm (Elaeis guineensis) and 

cacia pulp ood, y o erexploita on o  the m er resources through concession ased and illegal 



Table 4. Peat s amp orest (PS ) co er es mates or ndonesia.

Original1 1 2000 2010

PS  ( m2) PS  ( m2) ( ) PS  ( m2) ( ) PS  ( m2) ( )

Sumatra2 72,04 49,216 68 0,78 4 18,069 2

alimantan2 7,692 8, 70 67 28,692 0 24,0 42

Papua 79,7 4 n.a. n.a. 6 , 60 79 9,700 7

ndonesia   209,490 122,8 7  9 101,804 49

1 

2 

3 
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logging and y destruc e res. estern ndonesia (i.e. alimantan and Sumatra) ill lose all o  its 
peat s amp orests y 20 0 i  current de oresta on rates o  .4  yr-1 are not reduced (Mie nen et 
al., 2012a). The recent land co er distri u on or alimantan and Sumatra has een uan ed y 
Mie nen and Lie  (2010) as sho n in Ta le 4. Similar data or Papua are not a aila le.

n 2007 already 1  or ca. 41,000 m2 o  the peatlands o  Sumatra and alimantan ere under 
agricultural use o  either small-holder arming or industrial planta ons (oil palm or pulp ood). The 
extent o  the remaining, largely degraded orested peatlands amounted to , 00 m2 or 41  (Ta le 

). The extent o  pris ne peat s amp orest in estern ndonesia has ecome negligi le. 

The expansion o  oil palm and pulp ood planta ons con nues at rapid rates. By 2010 industrial 
planta ons in Sumatra and alimantan co ered 2 ,000 m2 and under a usiness as usual planta on 
expansion scenario urther peatland con ersion ould result in an almost dou ling o  the planta on 
area y 2020 (Mie nen et al., 2012 ). n act, ndonesia has allocated large peatland areas or urther 
agricultural con ersion (Mo , 2010).

igure . xtent o  peatland in Peninsular Malaysia, Sumatra, and Borneo ( rom Posa et al., 2011)..
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The peatlands o  Sumatra and alimantan largely de eloped o er the last 11,000 years ( ommain et al., 
2011). The idely distri uted coastal peat domes ha e Holocene mean car on accumula on rate o  77 
g C m-2 yr-1, hereas the inland peat domes o  Central alimantan accumulated on a erage 1.  g C m-2 

yr-1 o er the Holocene. s mates o  ndonesia s peatland car on reser oir di er mar edly. ahyunto 
et al., (200 , 2004, 2006) report 7.18 Gtonnes C, Jaenic e et al. (2008) gi e a higher es mate o  10 
Gtonnes ased on corrected peat extent and olume hile Page et al. (2011) pro ide an es mate o  

7. 7 Gtonnes C. 

Ta le 6 sho s that the peatlands o  alimantan and Sumatra emi ed a out 446 Mtonnes CO2 in 2007. 
The ast majority o  these emissions comes rom agriculturally used land due to dense and deep 
drainage. The nega e car on alance o  o er 60  o  the area sho s that ndonesian peatlands ha e 
s itched rom an e ec e car on sin  to a su stan al car on source. ncluding re emissions e en 
dou les the car on losses rom peat degrada on ( an der er  et al., 2008). 

s approximately 9  o  ndonesia s peatlands are already degraded, restora on should e a priority 
ac on together ith the conser a on o  remaining reasona ly natural peatlands in the R  
Strategy. Su stan al emission reduc ons are only possi le i  the ast areas o  deeply drained peatland 
are re e ed and e ec e re mi ga on measures are implemented. Con nuous expansion o  oil 
palm and pulp planta ons ould urther increase car on losses su stan ally.

Table 5. Land co er distri u on on peatland in estern ndonesia (Sumatra, alimantan) in 2007. 

umatra Kalimantan Western Indonesia

Land co er type
Land co er 
area ( m2)

Land co er 
area ( )

Land co er 
area ( m2)

Land co er 
area ( )

Land co er 
area ( m2)

Land co er 
area ( )

ater 444 0.6 11 0.2 7 0.4

Seasonal ater 14 0.7 2, 22 4.4 ,0 6 2.

Pris ne PS , 4.6 1,217 2.1 4, 70 .6

Slightly degraded PS 4, 7 6 ,7 4 9.9 10,091 7.7

Moderately degraded PS 1 ,610 18.9 21, 4 7 4,9 2 26.6

Hea ily degraded PS 2, . 1, 2. ,890

Tall shru sec. orest ,070 7 ,747 9.9 10,817 8.

erns lo  shru 7,60 10. 8,206 14.2 1 ,811 12.1

Small-holder agriculture 17, 60 24.1 6,888 11.9 24,248 18.9

ndustrial planta ons 1 ,280 21.2 1,242 2.2 16, 2 1 .1

Built-up area 70 0.1 2 0 9 0.1

Cleared urnt area 1,869 2.6 ,2 0 .7 ,169 .9

Total peatland 72,079 100 7,691 100 129,7 9 100
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Malaysia

mong the Southeast sian countries Malaysia has the second largest peatland area. Mutali  et al. 
(1992) es mate the extent o  Malaysian peatlands at 2 ,889 m2. The state o  Sara a  has the largest 
share o  the country s peatland area (Ta le 7). 

Table . Land co er distri u on and related annual CO2 emissions in 2007 rom drainage related peat 
oxida on in estern ndonesia (Sumatra and alimantan) (i.e. re related emissions excluded). 
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ater 7 0.4 0 0 0 0 0 0 0

Seasonal ater ,0 6 2. 0 0 0 0 0 0 0

Pris ne PS 4, 70 . 0 0 0 -2. 6 -4, 00,7 -1,172,9 0

Slightly degraded PS 10,091 7.8 0 ,046 17,660,089 4,816, 88 4

Moderately degraded PS 4,9 2 26.9 0 17,476 61,166,608 16,681,802 1 .

Hea ily degraded PS ,890 .0 0 1,94 6,807,724 1,8 6,6 2 1.

Tall shru sec. orest 10,817 8. 0 ,408 18,929,12 ,162,489 4

erns lo  shru 1 ,810 12.2 0 7,90 27,669,096 7, 46,117 6

Small-holder agriculture 24,248 18.7 100 24,248 80 80 19 ,98 ,1 2,90 ,042 4

ndustrial planta ons 16, 2 12.7 100 16, 2 70 70 11 ,6 7,72 1, 4 ,01 26

Built-up area 9 0.1 - - - 0 0 0 0

Cleared urnt area ,169 4.0 0 2, 8 9,04 ,808 2,467,0 9 2

Total 129,7 9

Sum drained area (ha)
( )

81,1 6

6

um annual emissions (t) 44 , 20,5 121,805, 12

2 emissions 

2 ha-1 yr-1

-1 yr-1

Table . Peat s amp orest co er es mates or Malaysia. 

Original1 1 02) 20002) 20102)

PS  ( m2) PS  ( m2) PS  ( m2) PS  ( m2)

Peninsular 
Malaysia2 8,4 ,797 4 2,808 2,299 27

Sara a 2 16, 76 9,6 6 8 7,180 4 ,07 19

hole country2 2 ,889 14,482 6 10,484 40 ,726 22

1

2
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The peatlands o  Malaysia are dominantly dome-shaped and rain ater- ed, similar to uropean raised 
ogs. The peat domes are all o  Holocene origin, typically younger than 7000 years BP ( ommain et al., 

2011). On Pensinsular Malaysia some resh ater s amps exist in the interior such as Tase  Bera ( st 
and Bus n, 2004).

t can e assumed that most peatlands o  Malaysia ere naturally orested  this assump on is certainly 
true or the domina ng peat domes. Peat s amp de oresta on in Malaysia is sho n in Ta le 7. lready 
in 1990 large areas o  peatland ere de orested, most nota ly on Peninsular Malaysia here cul a on 

ith pine apple, oil palm and other crops on planta on scales started in the 1970s. rom 1990 to 2000 
Peninsular Malaysia and Sara a  experienced similar peat s amp de oresta on rates (  yr-1), ut 
since 2000 de oresta on in Sara a  (8.1  yr-1) has accelerated massi ely hile it slo ed do n on 
Peninsular Malaysia (2  yr-1) (Mie nen et al., 2012a).  li le more than hal  a million hectare peat 
s amp orest remains in Malaysia - this is propor onally clearly less peat s amp orest than ndonesia 
has le . 

igure 4  istri u on and status o  peat s amp orest in Si u i ision, Sara a  (Malaysia) 
(a er Sar ision, 2011).

Table 8. xtent o  industrial planta ons on peat in Malaysia in 2010. 

Original1 Oil palm planta on2) Other un no n 
planta on2) Total planta on2)

m2 m2 m2 m2

Peninsular 
Malaysia

8,4 2, 80 28 2 0 2,620 1

Sa ah 860 00 8 20 2 20 60

Sara a 16, 76 4,940 0 10 2 ,2 0 2

Total 2 ,889 7,820 0 60 2 8, 90 2

1

2
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The rapid de oresta on o  remaining peat s amp orest can largely e a ri uted to the expansion 
o  oil palm planta ons (Sar ision, 2011). Today 0  (almost 8,000 m2) o  Malaysia s peatlands are 
under oil planta ons. The ul  o  Malaysia s oil palm planta ons on peat occur in Sara a  here in 
2010 almost hal  a million hectare ere cul ated (Ta le 8). Sar ision (2011) reports that e en 41  
o  Sara a s peatlands are con erted to oil palm. xpansion o  oil palm does not stop or deep peat 
areas or rare peat s amp orest types ( etlands nterna onal, 2010). So ar, there ha e een no pulp 
planta ons planted in Malaysia. 

Page et al. (2011) es mate the peat car on stoc  o  Malaysia at 9.1 Gtonnes ased on the areal extent 
gi en in Mutali  et al. (1992). Mul plying the extent o  industrial planta ons ith the typical planta on 
emission actor o  70 tonnes CO2 ha-1 yr-1 (Hooijer et al., 2012) results in an annual CO2 loss o  8.7  
Mtonnes rom Malaysian peatland planta ons in 2010. This car on loss is ery li ely to gro  since most 
remaining peat s amp orest outside conser a on areas is already allocated to oil palm concessions 
and de oresta on and drainage ill there ore not stop ( igure 4, Sar ision, 2011).  change in this 
land-use policy is not in sight.

Similarly to ndonesia, restora on should e a priority ac on in the R  Strategy. Su stan al 
emission reduc ons are only possi le i  ast areas o  deeply drained peatland are re e ed. Con nuous 
expansion o  oil palm and pulp planta ons ould urther increase car on losses su stan ally. Priority 
or conser a on and re e ng ha e the peat s amps along the Brunei order in Sara a , cross-
oundary drainage e ects threaten the pris ne peatlands o  Brunei, hich elong to the last ones o  

en re Borneo. 

5.2. uropean nion  Poland and nited Kingdom

ts long history, high popula on pressure, and clima c suita ility or agriculture and orestry ha e 
made urope the con nent ith the largest propor on o  drained peatlands orld ide. Conse uently 
the uropean nion is - a er ndonesia and e ore the Russian edera on- the orld s second largest 
peatland emission hotspot (Joosten, 2009 and 2012). 

n the 27 cropland on organic soil is responsi le or 77  o  the CO2 emissions rom all cropland 
and gra ing land on organic soil or 79  o  the emissions rom all gra ing land (Ta le 9). The hotspot 
character o  organic soils in land use is thus e ident, as organic soils occupy only a e  per cent o  
the total agricultural area. missions rom cropland are the most su stan al ones, ecause cropland 
re uires deeper ater le els than gra ing land. Reported emissions rom orest are generally lo  

ecause the emission actors are lo , ut also ecause se eral countries - rongly - claim that car on 
stoc s under exis ng orests on organic soils are sta le (Barthelmes et al., 2009).

The a areness o  the unsustaina le use o  peatlands and its conse uences or GHG emissions is 
increasing in the uropean nion. Recently the uropean Commission ( C) has proposed its Mem er 
States o ligatory accoun ng or emissions and remo als rom cropland management (CM) and gra ing 
land management (GM), hich together ith the already o ligatory orest management ( M) cause 
90  o  the emissions rom organic soils in the uropean nion ( ). n addi on, Mem er States can 
opt to account or emissions and remo als rom etland drainage and re e ng  ( R). 

The proposal also excluded L L C  ac i es rom the 2008 climate and energy pac age that de nes the 
s climate policy or the period up to 2020. The C ac no ledged though that L L C  ac i es ha e 

a su stan al impact on o erall emission across the uropean nion. s the sector has is a su stan al 
poten al or emission reduc ons, L L C  should e ormally included in commitments once the  
decides to increase its am i on le el. The report indicates that mi ga ons ac ons should already 
start and na onal ac on plans could e prepared to pro ide a strategy and orecast or L L C  as an 
intermediate step to ards the sector s ull inclusion ith current policies. See urther in orma on and 
policy recommenda ons in Chapter .
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Poland

Poland ( 12,684 m2) has a total area o  peatland o  12, 47. 8 m2. The northern one on the Bal c 
coast comprises 74.2  o  all Polish peatlands (8,268 m2), the midland one 24.  (4,247 m2), and 
the southern one along the Sudety and arpaty mountains 1.  (268 m2) ( lnic i et al., 2002). ens 
occupy 92. , transi onal ogs .  and raised ogs 4.  o  the total peatland area ( lnic i et al., 
2002). n 77  o  the 49, 00 peatland sites the peat layer does not exceed 2 m depth ( lnic i and ure , 
1996). 

igure  Biogeographical regions in Poland and distri u on o  peatlands larger than 2 m2 
( rom Bragg and Lindsay, 200 ). 

Table . ata on organic soils in na onal GHG in entory year 2010 (  27) (Blujdea et al., 2012). 

PCC land su category rea ( m2)
mplied emission actor 

(tonne C ha-1 yr-1)1)

et annual C 
stoc  change 
(Mtonnes C)

Share in annual 
uxes ( ) on 

each land su -
category

1 - orestland remaining L 126,2 0 -0.40 - .01

2 - Land con erted to L 4,110 -0.64 -0.26 2

B1 - Cropland remaining CL 19,060 - .22 -9.9 69

B2 - Land con erted to CL 980 -7.4 -0.7 8

C1-Grassland con erted to GL 17,470 -2.61 -4. 78

C2 - Land con erted to GL 610 -2.64 -0.160 1

Total 168,4 0  -20.67

1 For CO2



Box 10   Wet agriculture  for conser ing a li le bro n bird 

The ast en peatlands o  the Bie r a a onal Par  ( ortheast-Poland) are a stronghold o  
iodi ersity, holding almost 20  o  the orld popula on o  the glo ally threatened ua c 
ar ler (Acrocephalus paludicola) ( igure 6). er tradi onal hand-scything had ceased 

around 1970, successional o ergro th ecame the main threat to this ha itat.  project 
unded y  L  and run y OTOP BirdLi e Poland recently cataly ed the implementa on o  

landscape- ide restora on and sustaina le management. Since 2007 machinery capa le o  
mo ing large areas o  delicate peatlands as tested and since 2009 adapted mountain piste-

ashers, collo uially called ratra  in Poland, are used (Lachmann et al., 2010). Currently, the 
Bie r a a onal Par  ma es some 10,000 ha o  pu lic land a aila le under lease agreements 
to e managed in this ay. The har ested iomass is planned to e mainly used or producing 
uel pellets.  targeted ua c ar ler agri-en ironment pac age pro ides a nancial 

incen e or local armers and enterprises.  ollo -up  L  project is currently upgrading 
and upscaling en management ith ratra s  and u li a on o  en iomass in astern Poland.
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Most Polish peatlands are used as hay meado s and pastures (70 ). orests co er 12  o  the peatland 
area, peat extrac on has occurred on 4  and ara le land occupies 0. . 84  o  all Polish peatlands 
are degraded, and the sur i ing mire area here peat orma on s ll occurs is 201,9 8 ha (0.6  o  the 
country area  oto s i and Pior o s i, 200 ).

The es mated peat car on stoc  o  Poland is 87  Mtonnes C. ith respect to peatland emissions, 
Poland is the 10th most important country in the orld (2 .  Mtonnes CO2 year-1) (Joosten, 2009).

igure 6  The glo ally threatened ua c ar ler is a agship species or en mires and has triggered 
major peatland conser a on, re e ng and sustaina le use projects across urope. 
Photo  ymantas Mor enas
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Peatland re e ng has een largely restricted to small-scale ac i es (mainly on ogs) in estern 
Poland, and there is li le large-scale re e ng experience. But the mi ga on poten al o  Polish 
peatlands is ast  although most Polish peatlands ha e een drained to some degree, ery e  areas 
ha e een trans ormed into ploughed ara le elds, since na onal management principles aim to 
minimi e losses o  organic ma er through minerali a on. The pre erred land-use or peatlands is 
permanent grassland, ith the result that Poland has a great num er o  meado  communi es on 
(mainly decomposed) peat soils, many o  hich ha e high iodi ersity alue. Maintenance o  these 
systems ith high ater ta les hich su stan ally reduce greenhouse gas emissions and con nued 

et  land use o ers a stunning opportunity to conser e tradi onal human landscapes as ell as rare 
species and ecosystems. 

Since 2000, Poland has gained considera le experience in de eloping integrated management 
schemes that com ine peatland conser a on ith economically sound agricultural and hydrological 
management on near-natural peatlands.  major s mulus has een caused y projects on mul -
unc onal use o  peatlands and targeted ird conser a on ac i es (see Box 10). Since 2004, agriculture 

on et ens ene ts su stan ally rom  agri-en ironmental programmes ith special pac ages or 
the management o  ens, ogs and et meado s.

 peatland strategy to mi gate climate change and enhance iodi ersity should comprise
  Restora on o  the ater regimes o  drained peatlands and shi  to et  orms o  agriculture and 

orestry (paludicultures).
  Securing e ec e protec on o  near-natural peatlands, including the prohi i on o  peat 

extrac on.
  e elopment and implementa on o  ise land-use scenarios or major peatland areas, ta ing 

ad antage o   agricultural payments and other sources o   unding.
  Lo ying or C P incen es or peatland re e ng and paludicultures and against per erse  

incen es (e.g. gro ing mai e on drained peatlands or iogas).
 pda ng o  the na onal mire in entory to sharpen the iden ca on o  target areas. 

These steps are also needed in other  countries ith a large propor on o  drained peatlands hich 
ha e similar pro lems and challenges, e.g. Germany, Lithuania, Lat ia, and stonia.

nited Kingdom

 
n the nited ingdom ( ), deep peaty or organic soils co er around 27,000 m2 or 11  o  the total 

 area and shallo  peaty soils another 47 000 m2, indica ng here peatland ha itats existed in the 
past - in total a third o  all  soils ( igure 7). 

There are three main types o  peatland in the  lan et ogs, raised ogs and ens, all protected 
under interna onal and na onal ildli e la . The  Biodi ersity c on Plan lists 2  000 m2 o  
peatland ha itat co ering a out 9.  o  the , ith the majority in Scotland. Blan et and raised ogs 
ma e up 9  o  all  peatland ha itat.

The state o   peatlands and organic soils has recently een compiled in the J CC report (2011) and 
the C   Commission o  n uiry on Peatlands (Bain et al., 2011). 
O er 80  o   peatlands are in a degraded state due mainly to past, drainage, re and gra ing. The 
majority o   peatlands are not peat orming  16  are se erely eroded, 10  ha e een a orested, 
11  are a ected y past peat cu ng and 40  ha e een modi ed or destroyed y con ersion to 
agriculture (Li le ood et al., 2010). The majority o  degraded peatland is lan et og ith drainage or 
gra ing as the main past dri er, hile drainage or cropland as more restricted to lo land peat soils. 
orestry plan ng occurred on around 2000 m2 deep peat, mainly in Scotland.
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ithin the most important, na onally and interna onally protected sites (SSS s  S Cs  SP s), only 
around hal  ( 8 ) o  the lan et og ha itat is considered to e in a oura le condi on (J CC, 2011), 

ith 1  o  the remainder considered to e reco ering as a result o  restora on or . or designated 
lo land raised og sites, only around 20  is considered to e in a oura le condi on, hile  o  the 
remainder is under restora on management. 

igure 7. Peat and peaty soils o  the nited ingdom (map reproduced rom J CC, 2011). eep peat 
soils (dar  ro n), shallo  peaty soils (green), asted deep peat soils (light ro n). Peat in South- ast 

ngland is largely en peat. Reproduc on y permission o  OS on ehal  o  HMSO  Cro n copyright 
and data ase Right 2010, ML R  100019294, B  1 0000 soil digital ata, a onal soil Maps  
Cran eld ni ersity, BGS 1 0000 digital data (license 2006 072)

Table 10. Extent of organic-rich soils and bogs and fen in the UK (from IUCN UK PP 2011, adapted 
with kind permission from JNCC 2011)

1 current best es mates of fen habitat, but actual area may be much larger (Peter Jones, CC , pers. comm.).

  oil map data K Biodi ersity c on Plan data
  hallo  peaty or organo- eep peaty or  Bogs Fens1 
 mineral soil m2  organic soil m2  m2  m2]

ngland  7,386 6,799 2,727 80

Wales 3,592 706 718 62

orthern Ireland 1,417 2,064 1,609 30

cotland  34,612 17,269 17,720 86

Total area 47,007 26,838 22,775 258

UK area cover 19.30  11.00  9.35  0.11
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The CEH Carbon catchment programme and the recent efra project SP1210 Lowland peatland 
systems in England and ales - e alua ng GHG uxes and carbon balances  pro ide long-term data on 
GHG uxes from peatlands (see Bille  et al., 2010  orrall et al., 2010 and 2011). 

ithin the UK, peatlands represent the single most important terrestrial carbon store with deep peat 
bogs containing o er 3,200 Mtonnes of carbon ( orrall et al., 2010b), approximately twenty mes 
that of UK forests. Semi-natural and natural bog peatlands may remo e approximately 30-70 tonnes of 
carbon per km2 per year from the atmosphere (Bille  et al., 2010  orrall et al., 2010). Healthy peat 
bogs ha e a net long-term cooling e ect on the climate. 

amaged UK peatlands are already releasing almost 3.7 Mtonnes CO2 e . each year ( orrall et al., 
2011) - e ui alent to the a erage emissions of around 660,000 UK households. These emissions are 
likely to increase with further peatland deteriora on as the climate changes. 

Net emissions can be reduced through restora on ac on, and restored peatlands are likely to be more 
resilient to addi onal stresses from climate change impacts. eep peaty soils in the UK co er 27,000 
million km2 of which 18,000 million km2 are a ailable for restora on. 

Securing 10,000 km2 of peatland under rewe ng and restora on management would meet the UK 
Biodi ersity c on Plan targets for blanket and raised bog restora on (8,450 km2). Taking a conser a e 
es mate, this could mean sa ings of 2.5 Mtonnes CO2-e . per year (assuming 2.5 tonnes CO2-e  sa ings 
per ha per year). This e uates to 1  of the annual greenhouse gas reduc ons which need to be made 
from now to reach the UK climate change target for 2027.

Real opportuni es exist to repair peatlands by blocking drains, reducing gra ing and burning and 
remo ing forestry planta ons. Rewe ng and restoring blanket and raised bog are the low hanging fruit 
as there is consensus from land managers, li le con ict with food security concerns, and most o en 
only low-cost, low-tech management re uired ( 6 to 13 tonne CO2-e  for drain blocking, see Moxey, 
2011). There is also poten al for re er ng cropland on fens back to wetland but this concerns only a 
small propor on of UK peatland.

unding to pay for restora on and ongoing maintenance of peatlands is key, as most of the peatland 
area in the UK is pri ately owned. The EU C P can be a major source of current funds for peatland 
restora on to support sustainable land-use. n important goal is to ensure that the mul ple bene ts 
of peatlands for biodi ersity, water and carbon are recogni ed under EU C P and that appropriate 
payments are a ailable to re ect this. The EU LI E programme also pro ides signi cant restora on 
funds and further opportuni es exist to demonstrate through restoring important peatland sites how 
nature can pro ide wider, social and economic bene ts.

More coordinated baseline studies and long term monitoring of peatlands in rela on to egeta on 
changes and corresponding ecosystem ser ices (GHG, water uality, ooding) are re uired to support 
further nancial in estment. Sharing good prac ce on peatland management and scien c informa on 
across peatland countries is an important objec e. 

The IUCN UK NC Peatland Programme and partners are working in collabora on with efra ( epartment 
of En ironment) to explore op ons for drawing in carbon funds through oluntary carbon markets, 
corporate social responsibility schemes and payments for ecosystem ser ices. The Programme is also 
planning an informa on gateway  on peatlands in the UK linking with interna onal ini a es such as 
the Interna onal Mire Conser a on Group and etlands Interna onal.

The experience of the UK with blanket bog conser a on, restora on and management may bene t 
other countries where this peatland type occurs, including Ireland, Norway, New ealand, Tasmania, 

tlan c Canada, Paci c Northwest, Southern Chile, rgen na and alklands, and Spain.
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5. . astern urope  Belarus, Russian Federa on and U raine

rained peatland soils are subject to inherent degrada on, which con nuously lowers their economic 
alue. The socio-economic changes in Eastern Europe since 1990 coincided with deteriora ng peat 

soil condi ons leading to large-scale abandonment. The huge peatland res of 2010 brought the 
drained and abandoned peatlands in Russia under the a en on of the world and showed that peat 

res are not limited to Southeast sia. If not rewe ed, peatlands con nue to go up in air by incessant 
microbial peat oxida on and - in case of abandonment - also by periodic uncontrolled peat res. In 
all three countries presented here - Belarus, Russian edera on (European part) and Ukraine - large-
scale peatland rewe ng programmes ha e in recent years started, with di erent backgrounds and 
di erent aims. 

Belarus

Belarus (207,600 km2), located in the geographic centre of Europe, is one of Europe s key peatland 
countries. Before drainage and peat extrac on started, peatlands co ered 29,390 km2 which e uals 
14.2  of the total land area (Bambalo  et al., 1992). espite its small si e, the country comprises a 
wide ariety of peatland types depending on climate, bedrock, relief, and hydrological network. ue to 
large aria on in these factors, amount and types of peatlands are not e ually distributed within larus. 

i e peatland districts and three peatland regions ha e been described ( igure 8, Pidoplichko, 1961  
Tano itskiy, 1980  Bambalo , 2005).

Between 1960 and 1990 half of the country s peatlands were drained, largely to make way for agriculture 
(Tano itskaya and Bambalo , 2009  cf. igure 9). s a result, the o erall area of drained peatland in 
Belarus is 15 050 km2 of which 10,852 km2 (72 ) are drained for agriculture, 3,830 km2 (26 ) for 
forestry, and 368 km2 (2 ) are currently used for industrial peat extrac on. Today ast areas of the 
once cul ated land sit idle, while the drainage system, in most cases, has ne er been re ersed. ith 
ongoing drainage, annual GHG emissions con nue, further propelled by peat res that occur fre uently.

igure 8  istribu on of peatlands in Belarus (modi ed a er Bambalo  and Rako ich, 2005  
map  Stephan Busse). 
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igure 9  Map of fen mires in South- estern Belarus exis ng in 1977 (yellow) and remaining in 1995 
(brown). ark green indicates the natural Pripyat ri er oodplain and light green the Pripyat ri er 

oodplain used for low-intensity farming (from Ko ulin and lade, 1999). 

The es mated peat carbon stock in 2008 of Belarus is 1,305 Mtonnes C. ith respect to peatland 
emissions, Belarus is with 41 Mtonnes CO2 year-1 the eigth most important country in the world, in 
terms of emissions per unit land area, e en the world s number three a er Indonesia and Estonia 
(Joosten, 2011).

Sponsored by UN P and GE  (2006-2010) as well as the German Ministry of En ironment (BMU) (2008-
2011), approximately 360 km2 of peatland ha e been rewe ed o er the last years (see Box 6). 
Biodi ersity bene ts of rewe ng ha e been assessed by the UN P GE  project (2006-2010) by 
monitoring before and a er rewe ng. Generally, wetland plant communi es on project sites increased 
in area by 58 to 96  and the propor on of wetland bird species of the sites increased by 19 to 48 . 
or example, at the cuto er fen Barcianicha a er rewe ng typical forest  amphibians declined from 

54  to 31  and pre iously unrecorded species typical of peatlands were found (e.g. Moor rogs Rana 
ar alis and Common Li ards ). The e ects of rewe ng on bird as well as on amphibian 
and rep le communi es were rather pronounced e en one year a er rewe ng. Generally, the rate of 
egeta on (and thus habitat) change aries with target habitat type, pre-exploita on habitat type, and 

pre ious land uses. Much uicker success has a er extrac on been reported from block cut bogs than 
from milled bogs. en egeta on re-de elops towards target egeta on more easily a er drainage 
re ersal, with the greatest success achie ed by rewe ng slowly (as opposed to rapid, permanent 
inunda on of sites). Transi onal stages (e.g. shallow water bodies) can pro ide aluable habitats for 
waterfowl, but these are transient and are not typical habitats for the target communi es of most 
conser a on concern (Tanneberger, 2011). 

ollowing Poland s recent ad ances in establishing wet agriculture on near-natural fens with bene ts for 
biodi ersity conser a on (see Box 10), also in Belarus paludiculture ini a es ha e started. t Spora a, 
another key ua c arbler breeding site holding circa 5  of the global popula on, o ergrowing of 
habitat is a key threat. egeta on management with con en onal agricultural e uipment started in 
2006 but appeared to be too weather and water le el dependent.  feasibility study (2009) and follow-
up business plan (2010) showed that the most cost-e ec e way of using biomass from Spora a is the 
produc on of fuel bri ue es.  ratrak  funded by the BMU project (see informa on on Poland abo e) 
was deli ered to Belarus in autumn 2011 and will facilitate mowing of 500 ha annually. The biomass 
bri ue es produced will be sold as a subs tute for peat bri ue es (widespread in use in rural areas 
of Belarus) and will hopefully co er the costs of egeta on management.  follow-up EU I -funded 
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project has ini ated coopera on with a peat bri ue e factory for subs tu ng peat by sustainably 
har ested peatland biomass. It aims at upscaling this new type of land use to rewe ed peatlands, thus 
demonstra ng feasibility and opening incen es for rewe ng and wet  land use.

Russian Federa on ( uropean part)

The European part of Russian edera on (3.477 million km2) comprises some 200,000 km2 of peatland 
(Marko  and Khoroshe , 1986  ompersky et al., 1996, 2005  table 11), although other sources on the 
basis of other in entory methods arri e at double that area (No iko  and Uso a, 2000). Most peatlands 
are located in Russia s boreal one, where, in some regions, mires co er o er 50  of the land surface 
(Minaye a et al., 2009  igure 10). 

igure 10  a) Peatland (mire) area within administra e regions of the European part of Russia. b) 
istribu on of main peatland (mire) types in the European part of Russia (from Minaye a et al., 2009). 

The European part of Russia has a long and intensi e history of peatland u li a on, which is re ected 
in a complex administra on (Box 11). In the period before 1990, when the So iet Union was the largest 
peat extractor of the world, peat extrac on was concentrated in the regions with signi cant peat 
resources. Nowadays peat extrac on has decreased considerably and is largely taking place in areas 
with local demands for peat. The total area of mined out peatlands in European Russia in 2007 was 
es mated as 2,309 km2, whereas 5,294 km2 were under de elopment (Minaye a et al., 2009).

hereas in 1967 the area of peatland drained for agriculture in Russia (both the sian and European 
part) was es mated as 16,000 km2, it reached 51,000 km2 by 1990. ccording to the latest in entory 

Table 11. Peat-co ered wetlands (in km2) in European Russia ( ompersky et al., 1996). 

Peat thic ness

 0 cm 0 - 30 cm  30 cm
 0.5 m

Total Industrial deposits

588,000 375,000 213,000 198,000 105,100
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(1999-2000), about 30,000 km2 of drained forests on peatland were registered in the European part 
of Russia, of which 7,500 km2 were spontaneously rewe ng because of lack of ditch maintenance 
(Minaye a et al., 2009).

O er the last decades 30  of the agricultural peatland, 25  of the peat extrac on areas and more 
than one third of the forestry peatland ha e been abandoned. Many of these abandoned peatlands 
are ulnerable to re and all are GHG sources. orest stands on peatlands are mainly o er-aged and 
subject to wind-throw and other degrada on processes, which make them ulnerable to re. In densely 
populated regions there is a high occurrence of drained peatlands, e.g. in the Moscow oblast where 
peatlands co er 8  of the area, some 75  (600 km2) are cut-o er, not used and ery re-prone. The 
peat and forest res around Moscow in summer 2010 drama cally illustrated this  Peat res co ering 
only a few km2 caused more smoke and ha e than forest res ten mes larger in area and were the 
main cause of signi cant economic and health impacts.

The peat carbon stock in European Russia amounts to some 20 Gtonnes, whereas the drained peatlands 
in European Russia may annually emit 140 Mtonnes of carbon dioxide (Joosten, 2009), making Russia 
a er Indonesia and the EU the third largest CO2 emi or from drained peatland worldwide. The Russian 
peat res of 2010 may ha e added a similar amount of CO2 to the atmosphere ( igure 11). 

The extensi e peat res of 2010 led to the decision to impro e re pre en on in drained peatlands 
by restoring water management and rewe ng. To meet the urgent needs, the ederal Go ernment 
in 2010 allocated 300 million rubles for par al rewe ng 60 km2 of degraded peatlands in Moscow 
pro ince. In 2011 the go ernment of Moscow pro ince allocated 80 million rubles for designing works 
and the ederal budget funded with 1,104 million rubles implementa on for an area of 220 km2. 
Currently, Moscow oblast is funding design ac i es (156 million rubles) and the ederal Go ernment 
has allocated 3.1 billion rubles for implementa on on 100 km2, to be reali ed in 2012. or 2013 1.5 
billion rubles is supposed to be allocated, while Moscow pro ince plans to fund engineering work on 
an addi onal area of 120 km2 at a le el of 113.6 million rubles.

Box 11   Peatland administra on in Russia

Peatlands in Russia are tradi onally registered under di erent land categories with di erent 
legisla on status, management and ownership. Peatlands and lands with shallow peat can 
be found within forest (71.9 ), agricultural (14.2 ), and industrial lands (0.3 ), within 
se lements (0.3 ), within the water fund  (9.6 ), in state reser e lands (11.4 ), and in 
specially protected nature areas (SPN s, 1.6 ). The lands of the State orest und, the 

ater und, the State Reser e lands and the ederal SPN s are in ownership of the Russian 
edera on and go erned by di erent authori es. Industrial lands, such as peat exca a on 

areas, are in many cases rented by the companies from the state and thus for this period 
mo ed from the other land categories. gricultural lands were mostly pri a ed a er 
1990s and now belong to companies, pri ate farmers etc. hile belonging to di erent land 
categories peatlands may ha e addi onal ser itudes to the state which signi cantly modi es 
their use and management (Minaye a et al., 2009).

State administra on in Russia with respect to peatlands is, howe er, not yet xed. The ater 
Code of the Russian edera on (2006) regards mires as a special water objects and contains a 
sec on that exclusi ely deals with peatland conser a on. Of par cular concern is the di ision 
of responsibili es regarding peatland de elopment and conser a on planning between 
federal, pro incial and local le els. ithin this context there is a strong need to sustain 
the framework pro ided by the Russian c on Plan for Peatlands (2002) and to increase 
the capacity for integrated management with the emphasis on promo ng and suppor ng 
intersectoral coopera on and coordina on (Minaye a et al., 2009).
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hereas the urgent situa on called for immediate ac on, the Moscow oblast decided that the 
structural problems of drained peatlands re uire sustainable, long-term strategies to guarantee 
socio-economic and en ironmental security. The la er re uires technical assistance and sharing of 
interna onal exper se. This led to the de elopment of a Russian-German coopera on project with the 
following inno a ons  

  de elopment of a standard rewe ng procedure and applica on of the ecision Support System 
( SS) for peatland conser a on, restora on and u li a on in Russia (see Box 12)  

  linking project ac i es to project based nance sectoral or pri ate sector mechanisms  a) under 
a post 2012 interna onal climate change regime, b) by applying the SC-PRC standard (see 
Chapters 3.3 and 4.4) to enable emission o se ng projects from peatland rewe ng, and c) by 
de eloping Public Pri ate Partnerships on paludiculture with emphasis on Sphagnum farming  
and

  de elopment of standards for na onal emission reduc on accoun ng of peatland rewe ng 
within a post- Kyoto regime, including de eloping methodologies for assessing emissions 
from drained and rewe ed peatlands by a) erifying the GEST model to use egeta on as a 

uan ta e indicator for emissions (Couwenberg et al., 2011) and adap ng it to the Russian 
situa on, b) de eloping a proxy on the basis of peatland water table, and c) applying remote 
sensing techni ues for large scale assessment ( ra  Incep on Report, 2012).

 
 

igure 11. Peat res burning under snow in Russia, No ember 24, 2010. 
Photos  rank Edom

U raine

Ukraine (603,700 km2) comprises circa 14,000 km2 of peatland (Truska etskiy, 2010). Most of them are 
concentrated in the northern part of the country in the huge glacial alley shared with Belarus, the 
Polessie. The area of peatlands decreases to the south, where peat deposits only occur in ri er alleys 
and small depressions. ens are pre alent and cons tute up to 90  of all the peatlands in Ukraine. 
ew transi onal peatlands and bogs occur in the north-western part of Polessie and in the Carpathian 

Mountains. In Eastern and estern Polessie deposits of 2-10 km2 are pre alent, in Central Polessie 
(Kie  and hitomir regions) the deposits are smaller (up to 1 km2). 

bout 50  of the total peatland area of Ukraine has been destroyed or se erely degraded, about 80  
are drained (Moch an and akarenko, 2000). Large-scale drainage of peatlands for peat extrac on and 
agricultural use started in the 19th century. lthough peat extrac on in Ukraine declined and large-
scale agricultural prac ces were abandoned a er 1990, the exploita on of peatlands con nued. Small-
scale agriculture by local communi es is prac ced today on the peatlands of former coopera e farms 
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Box 12  ecision upport ystem for peatland management in Russia

Since the 1990s, millions of hectares of drained peatland ha e been abandoned in Russia. 
rainage systems, installed 30-50 years ago are, howe er, s ll working in many areas leading to 

dry and uncontrolled peatland sites that
 are ulnerable to peat res
 ha e high GHG emissions  and
 ha e li le economic alue with limited compe e economic claims.

The recurrent, enormous peatland res in the Russian edera on (2003, 2007, and 2010) stress 
the urgency to (re-)install proper management. In a project sponsored by the Interna onal 
Climate Ini a e of the German Ministry for En ironmental Protec on (BMU ICI) a project 
consor um of Russian, German, and utch partners de eloped an implementa on strategy 
for restoring and conser ing peatlands in the European part of the Russian edera on. One 
challenge was to de elop a simple tool to support decision makers in iden fying priority areas 
and suitable op ons for peatland management.

The resul ng ecision Support System ( SS, bel et al., 2011) has a dichotomous structure like 
similar tools for peatlands, such as SS- MOS (Hasch, 2009) and PM SS (Knie  et al., 2010). 
The SS builds on basic principles in peatland ecology (Joosten and Clarke, 2002), peatland 
restora on (Joosten and Schuman, 2008  Ko ulin et al., 2010), and climate impact of degraded 
peatlands (Couwenberg et al., 2011). The tool aims at wise decision making with respect to the 
management of degraded and abandoned peatlands with special a en on to reducing GHG 
emissions and is presented as a bilingual brochure (English and Russian) addressing a broad 
audience. 

The SS discusses arious management (incl. u li a on) op ons, ad antages and disad antages 
of these op ons, and con icts and synergies between these op ons. The SS is organi ed in 
modules that deal with

 rewe ng to reduce greenhouse gas emissions
 rewe ng to reduce re ha ard
 nature conser a on  and
 u li a on  produc on (peat extrac on, agriculture, forestry, and paludiculture).

Interrela ons of di erent aims (produc on, biodi ersity, conser a on, climate change 
mi ga on, and re ha ard reduc on) are discussed in a con icts and synergies module.
The brochure can be downloaded from  h p www.succow-s ung.de broschueren.html.
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(kolkho ). Small-scale pri ate land use on peatlands is currently more common in the north-west (Ri ne 
and olyn oblasts), while in the north-east (Chernigi  oblast) many sites are abandoned or only subject 
to low-intensity ca le gra ing ( igure 13). The Peat Cadastre of Ukraine (as of 2003) men ons the 
following categories of peatlands

 Registered  5 265 km2 of peat deposits
 Explored  balance 2 291 km2, outside of balance 677 km2

 Under extrac on  305 km2

 gricultural land (reclaimed)  3 084 km2

 In natural state  1 026 km2

 Natural-reser e fund  713 km2

 orest fund  1 165 km2

 Under ar cial water le el  112 km2

 In the Chernobyl one  25 km2

Ukraine has no common policy for peatland use, management and conser a on. The peatlands used 
for agricultural purposes are managed under agriculture policy. bandoned peatlands that were 
formerly used by coopera e farms (kolkho ) are unlikely to become rewe ed owing to lack of clear 
and prescrip e legisla on. The peatlands used for forestry are managed under forest management. 
Peatlands allocated for peat extrac on are extracted down to a depth of 50 cm of peat and a erwards 
transferred to agriculture or forestry lands. These peatlands are, howe er, degraded and not suitable 
for agriculture or forestry and o en abandoned. Some of them are rewe ng spontaneously, others 
stay dry. The extrac on companies underlie no legal obliga on to rewet these areas a er extrac on or 
abandonment.

The es mated peat carbon stock in 2008 of Ukraine is 750 Mtonnes C. ith respect to peatland 
emissions, the country ranks 24th in the world (4.9 Mtonnes CO2 year-1, Joosten, 2009).  methodology 
for na onal in entories on peatlands is currently under de elopment within a BMU-ICI project in 
coopera on with the Na onal En ironment In estment gency of Ukraine, the central execu e body 
for coordina ng compliance with UN CCC and Kyoto Protocol obliga ons in Ukraine.

igure 12. Se erely degraded and abandoned peatland in the Chernigi  region (Ukraine) 
Photo  Hans Joosten
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In contrast to Belarus where land is only state-owned, drained agricultural land in Ukraine is for 80  
owned by pri ate persons and local coopera es. The parcels are small (2-3 ha) and highly fragmented. 
Key to successful restora on is to iden fy and implement inno a e mechanisms for land access that 
allow peatland rewe ng on the large scale of hydrological units. The de elopment and reali a on 
of regional communica on and partnership strategies as well as coopera on models, and local le el 
par cipatory planning ha e been impera e. Rewe ng of pri ately owned land also re uires o cially 
appro ed changes in the Oblast Land Use Plans. These plans must de ne the land management regime 
of rewe ed lands and pro ide legal restric ons to changing land use of rewe ed land in future. 

igure 13  Peatland distribu on in Ukraine (from Mikityuk, 2010). 

5.4. entral sia  hina and Mongolia

Central sia is one of the areas where the biggest impacts of climate change are already experienced 
and to be expected. The peatlands in this area play a ital role in supplying water for food and fuel 
produc on and regula ng hydrology. hereas awareness of this pi otal role is increasing, the capacity 
for peatland restora on and sustainable use has to be impro ed urgently. 

hina

Peatlands are widespread o er China ( igure 14). The total peatland area for China is reported to be 
34,770 km2 (Ki inen and Pakarinen, 1980  Chai, 1980). ddi onally an area of 6,820 km2 of buried 
peatland  (i.e. peat co ered by other deposits) exists (Chai, 1980). The most important surface  
peatland occurrences in China are  
1. the Sanjiang Plain in Northeast China (Heilongjiang pro ince), formed by the three ri ers Heilongjiang 

( mur), Songhuajinagg and usulijiang (Ussuri)  
2. the axing anling and iaoxing anling area, the northernmost part of China, and
3. the Ruoergai (or oige) Plateau on the northwestern margin of the inghai  Tibetan Plateau (see 

Box 1), the largest and densest area of peatlands in China (State orestry dministra on P.R. China, 
2002).
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igure 14  istribu on of mires  in China (from State orestry dministra on P.R. China, 2002).

lmost all peatlands in China ha e been disturbed by human ac i es to some degree ( ang, 2000b). 
s early as two hundred years ago China began to drain peatlands for farmland, pastureland and 

a oresta on ( hang, 2000).

The Sanjiang Plain with a total area of 108,900 km  had originally 24,200 km  of wetland (Kui i & He, 
2000). Huge parts were con erted by local farmers, soldiers and hi ing  (urban educated rus cated  
youth) between the early 1950s and the 1970s, responding to the central go ernment s call to de elop 
the Great Northern ilderness ( Beidahuang ). Currently the Plain is one of the most important 
grain produc on areas in China (cf. 
Rongfen, 1994). It is also s ll one of 
the most important wetland sites in 
Northeastern sia from a biodi ersity 
point of iew. Howe er, deser ca on 
has a ected 20  of the land and only 
380 km2 of peatlands are le  in a 
somewhat natural state ( ang, 2000b). 

Since the 1990s, the Sanjiang Plain 
and northern China ha e su ered 
worsening droughts, oods and 
sandstorms that ha e been a ributed 
to the shrinking wetlands. Not only do 
these threaten China s food and energy 
security, but  as many water systems 
reach neighboring Russia  the e ects 
stretch beyond China s borders. 
 

igure 15  istribu on of good uality 
(black) and degraded peatlands 
(grey) on the Ruoergai Plateau (from 
Schumann et al., 2008).
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On the Ruoergai Plateau, peatlands co er almost 5,000 km  (  17  of the land). O er 2,000 km  is 
drained, 60  o ergra ed and deser ca on a ects large areas ( ang, 2000b  Chew, 2003). Good uality 
peatlands s ll co er 1,100 km2 (23  of the peatland area) but 3,600 km2 (77 ) must be considered 
as degraded (Schumann et al., 2008  igure 15). Comparison of the 1977 and 2007 situa on (Table 12) 
shows, that in the last 30 years the area of degraded peatland has almost doubled. Large parts were 
already degraded in 1977, illustra ng that gra ing had made the peatlands prone to degrada on long 
before recent intensi ca on of peatland use (Joosten et al., 2008  Box 1). 

The peatland carbon stock in China is es mated on 3.2 Gtonnes, the peatland CO2 emissions on 77 
Mtonnes per year, bringing China in the global top- e of peatland CO2 emi ers (Joosten, 2009). 
Because of drainage, methane emissions from wetlands and peatlands ha e substan ally decreased 
since 1949, especially in Northeast China ( u and Tian, 2012). 

The en ironmental and economic problems associated with peatland drainage ha e in recent years 
been recogni ed by the na onal and pro incial go ernments. Priori es for ac on ha e been iden ed 
in the Chinese Na onal etland Conser a on c on Plan (State orestry dministra on, 2002) and 
ambi ous restora on projects ha e started and are being implemented, of which rst results are 
beginning to show. 

On the Ruoergai Plateau, the authori es ha e introduced a ban on draining wetlands, started to ll 
in drainage ditches, and designated e nature reser es co ering about 5,000 km2. The rewe ng of 
large expanses of peatlands has already resulted in a substan al impro ement of the local peatland 
condi on (Schumann and Joosten, 2007).

In Heilongjiang, designated as one of the three en ironmental pro inces in China, the pro incial 
go ernment is looking for de elopment opportuni es that integrate watershed and wetland 
management in a sustainable way.  pioneer of wetlands protec on in China, the pro incial go ernment 
has banned any cul a on and exca a on of wetlands since 1999. 1,500 km2 of farmland are planned 
to be restored to wetland and 685 km2 replanted (Yu, 2009).

In the Sanjiang Plains etland Protec on Project (2006 2012, nanced by the sian e elopment 
Bank), watershed management is being addressed in a holis c way by (i) protec ng forests and 
rehabilita ng degraded forests in the upper watershed areas, (ii) protec ng and restoring wetlands 
in the downstream areas, (iii) pro iding alterna e li elihood to farmers, and (i ) strengthening the 
capaci es of local agencies in charge of watershed wetland and nature reser e management (de Sil a 
and Senaratna Sellamu u, 2010). 

or China it is clear that to maintain and restore the ital en ironmental func ons of peatlands 
and wetlands  as a basis of securing food and fuel produc on, especially outside of the wetlands 
themsel es  the remaining, good uality peatlands must be protected and degraded peatlands must 
be restored (e.g.by implementa on of paludicultures). The most important challenge now is to increase 
awareness among decision makers and general popula on on the important landscape ecological role 
of peatlands and to enhance long-term capacity in integrated landscape and watershed management.

Table 12. reas of good uality  and degraded peatland  on the Ruoergai Plateau in 1977 and 2007 
(Schumann et al., 2008).

1  2007 rea ( m2) % 

degraded peatland degraded peatland 1,919 41

good uality peatland degraded peatland 1,718 36

good uality peatland good uality peatland 811 17

degraded peatland good uality peatland 285 6

Total 4,733 100
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Iden fying drained peatlands suitable for paludicultures in Jilin,Northeast China. 
Photo  Shen Li.
 

Mongolia

Generally considered as a country of steppes and deserts, Mongolia has an ama ing di ersity and 
expanse of peatlands. There are brown moss-rich sedge fens in ri er alleys and intermontane 
depressions, sedge-co ongrass fens on permafrost, blanket bogs on mountain heights (2500 3200 m) 
with sphagnum and or brown mosses and arc c sedges. In the taiga one of the Khentay Mountains 
raised bogs with a peat layer up to 4 5 meters thick occur along with coniferous forests on shallow 
peat on gentle slopes, whereas in the forest-steppe one of the Khentay Mountains fens with birch 
and dwarf willows, as well as spring mires with ery high oris c di ersity are found. Minaye a et al. 
(2004) es mate the total area of peatlands in Mongolia on 272,000 km2, being 1.74  of the area of the 
country ( igure 16). 

igure 16  Peatland distribu on in Mongolia (from Minaye a et al., 2004)
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In Mongolia peatlands cons tute the last wet habitats in a major part of the country. They maintain 
wet habitats and pastures, feed ri ers, pre ent soil erosion, maintain le els of groundwater necessary 
for forest and crop growth, and keep wells full of water. uring dry periods  which may con nue for 
years  the moisture preser ed in peatlands is really a source of life and a barrier to deser ca on 
(Minaye a et al., 2005).

Peatlands are mainly used for gra ing and some mes as arable land. They belong to the most produc e 
pasture areas in Mongolia and all sedge fens in ri er alleys are currently being gra ed. The s mula on 
of pri ate ca le husbandry and conse uent o ergra ing in recent years has led to se ere losses in 
produc ity. Combined with recent climate change, o ergra ing and human induced res ha e led to 
the loss of  for example  thousands of hectares of fens in the Orchon and Ider alley and the archat 
intermontane basin. Large at areas here currently show denude dry peat without egeta on. uring 
storm surges the unprotected peat is mo ed downhill causing rapid loss of peatlands and progressing 
deser ca on. Old maps, na e popula on and literature data described these areas  e.g. in the 
Orchon Ri er alley (La renko, 1956), as co ered with ast mires, ery wet and impassable, but only 
poor remnants of these landscapes are le  (Minae a et al., 2003, 2004).
The main direct threats for Mongolian peatlands are o ergra ing, gold mining, and  in the piedmont 
regions of the northern Khentay Mountains  con ersion to arable land. Peatlands are occasionally 
destroyed during road construc on and gold panning in ri ers (Minaye a et al., 2005). 

ccording to the IMCG Global Peatland atabase, the peatlands of Mongolia contain 750 Mtonnes 
of Carbon and emit 45 Mtonnes of CO2 per year. This brings Mongolia in the top-ten of peatland-CO2 
emi ers of the world (Joosten, 2009).

Currently, mires are preser ed within a number of nature reser es and Ramsar sites in Mongolia. 
There are no special protected areas de oted to mire protec on, nor is there special site management 
regarding peatlands (Minaye a et al., 2005). 

eser fying dry peatland in Tesiin Gol Ri er alley, Mongolia, where mire egeta on and (up to one 
meter deep) peat deposits only remain in depressions. The surrounding egeta on is typical for 
steppe and steppe-desert. 
Photo  ndrey Sirin.
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Mongolians ha e li ed for thousands of years in harmony with peatlands. Howe er, global changes 
ha e thrust people into circumstances in which tradi onal knowledge is no longer comprehensi e. 
The main threat to peatlands in Mongolia is the absence of detailed knowledge about their di ersity, 
distribu on and natural func ons. Land use planning should base on solid knowledge about the role 
of peatlands in the landscape (Minaye a et al., 2005). Peatland use should apply the principles of 
wise use, as recently ha e been introduced in the Har Us Nuur Na onal Park Ramsar site ( estern 
Mongolia) by the s ltay-Sayan project.

5.5. frica  ongo Basin and Uganda 

In the regions discussed before there is a fair knowledge on the distribu on and status of peatlands. 
Southeast sia has recently a racted much scien c a en on because of the rapid destruc on of the 
peatland resource and the associated en ironmental problems. In Europe, peatlands ha e been used 
for agriculture, forestry and peat extrac on already for hundreds of years and as a result an extensi e 
knowledge base exists. In contrast, there is a serious lack of knowledge about the peatlands in the 
heart of frica ( igure 17). 

Here we discuss the Congo basin, an area where enormous stretches of peatlands must exist that ha e 
remained largely unno ced un l now. lso Uganda has large areas of peatlands that are currently 
under hea y pressure and of which a substan al part has been drained in recent mes, making Uganda 
the major peatland CO2 emi er of the frican con nent (Joosten, 2009).

igure 17. The soil carbon content of frica (from Henry et al., 2009). Blue arrow marks the central 
Congo Basin.

ongo basin

The e uatorial Congo Basin cons tutes the second largest ri er basin on Earth. The 4,374 km long 
Congo Ri er drains a catchment of 3,747,320 km2 (Runge, 2008) that recei es high annual rainfall (of 
o er 1,600 mm) in its central part (Campbell, 2005). ast stretches of swamp forest occupy the central 
part of the Congo Ri er Basin  the so called cu e e central congolaise. This region extends o er 
1,176,000 km2 (Bwangoy et al., 2010), comprising almost 30  of the Congo Basin catchment and is 
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shared by the Republic of Congo and the emocra c Republic of Congo ( RC). The ri ers of the cu e e 
central congolaise ha e an excep onally low gradient of 3 cm km-1. These ri ers are also characteri ed 
by a low range of annual water table uctua ons compared to other tropical ri ers such as the ma on 
(Campbell, 2005). 

This hydrological se ng allows for substan al water reten on on the inter u es and sustained ooding 
of swamp forest. Peat accumula ons of up to 17 m ha e been reported but the general thickness is 
apparently not more than one meter (E rard, 1968  Campbell, 2005). The knowledge on the peatland 
area of the central Congo Basin is, howe er, ery poor. Permanently ooded forests reportedly occur in 
depressions with ooding le els of 4 m whereas seasonally ooded forests occur higher on the upper 

oodplain with water table of between 2 and 4 m abo e ground (Campbell, 2005  ancutsem et al., 
2009). The partly con ex surface between adjacent ri ers, as can be surmised from digital ele a on 
models, may in fact be formed by inter u ial peat domes ( igure 18). E idence of sustained ooding 
of organic deposits comes from methane ux measurements of ooded forests, which indicate high 
annual emissions of between 1.6 and 3.2 Mtonnes for the en re swamp forests of the Congo Basin 
(Tathy et al., 1992). 

igure 18  Congo  Inter u ial swamp forest between the Likouala aux Herbes (le ) and the Ubangui 
Ri er (right) directly on the E uator. The inter u e (space between the ri ers) is 30 km wide. The 
swamp forest shows di erent ones. Reddish colour of the Likouala aux Herbes oodplain is swamp 
grassland. Image taken from Google Earth.

The knowledge of the pre ailing egeta on types in the Congo Basin has recently been much ad anced 
by remote sensing studies (e.g. Mayaux et al., 1999, 2000, 2002  e Grandi et al., 2000  ancutsem et 
al., 2009  Bwangoy et al., 2010). In RC wetland forest types together co er 102,452 km2 whilst a ua c 
grassland occurs o er an es mated area of 5,261 km2 ( ancutsem et al., 2009). One of the most recent 
wetland mapping e orts for the cu e e central congolaise combined the use of radar, topographic 
and thema c remote sensing data (Bwangoy et al. 2010, igure 19) and arri ed at an o erall wetland 
area of 359,556 km2 (or 36 million ha) for the central Congo Basin. Most wetlands are located in the 
Lac T l -Lac Tumba region (207,467 km2, 56 ) and east of Lake Mai-Ndombe. The huge area of these 
wetlands   largely ooded forests   may contain a substan al below ground carbon stock. 
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In contrast to the forested peatlands of 
Southeast sia, logging intensity is much 
lower in the Congo Basin wetland forests 
(Hansen et al., 2008). Commercial scale 
logging or agricultural con ersion to 
planta ons has not yet happened in the 
cu e e central congolaise. Small scale 
logging is done by local people for shi ing 
cul a on, but the generally low popula on 
density pre ents from wider degrada on. 
Catastrophic e ents such as res ha e not 
been impacted this forest due to the low or 
widely absent human in uence. 

igure 19. etland probability map of the 
central Congo basin (from Bwangoy et al., 
2010).

Exis ng es mates on soil or peat carbon are not gi ing notable gures. or the Republic of Congo 
Schwart  and Namri (2002) es mate a soil carbon stock in the upper two meters of only 134 160 tonnes 
ha-1 for the ooded forests of the Congo Basin and of 276 456 tonnes ha-1 for the swamp grasslands 
along the ri ers. These authors report a soil carbon stock for the en re country of 3.9 Gtonnes in the 
upper 2 m. Page et al. (2011) es mate the peat carbon stocks of the Republic of Congo at 2.35 Gtonnes 
and that of RC at only 0.56 Gtonnes (combined 2.9 Gtonnes C). Henry et al. (2009) report country 
based es mates of soil organic carbon for the upper rst meter. or Republic of Congo they gi e 9.3 
Gtonnes C and for RC 21.9 Gtonnes of carbon. lthough not focusing on peat, their soil carbon map 
for frica shows the highest soil carbon density in the central Congo Basin ( igure 17).

ssuming that just half of the central Congo Basin wetland area (180,000 km2) is co ered by one meter 
thick peat with a carbon density of 0.05 g cm-3 (0.05 tonnes m-3) would yield a peat carbon stock 
of 9 Gtonnes alone. The soil carbon reser oir of the Congo basin wetlands might be substan ally 
underes mated. Be er knowledge on the extent and depth of peat and conse uently on the soil 
carbon stock would re uire substan al ground truthing in this huge and hardly accessible area.

Opportuni es for emissions reduc ons and enhancement of other ecosystem ser ices
The current situa on of limited human impact is no guaranteed that major forest degrada on or 
destruc on would not happen in the future. Southeast sia and ma onia ha e experienced massi e 
and rapid deforesta on within short periods although these areas were long seen as impenetrable 
areas. The search for aluable resources such as metals or oil could cause forest destruc on in e en 
deeply ooded wildernesses. ny large-scale impact on the egeta on, soils or hydrology could cause 
irre ersible ecosystem degrada on and large uan es of carbon losses. ast incen es are needed 
now to further protect these uni ue forests and to do in entories of their natural resources, par cularly 
their carbon stock are needed now, before destruc e industries may open up this ast tropical wetland 
region. s a habitat for lowland swamp  gorillas and chimpan ees, the cu e e central congolaise is 
also of global importance for biodi ersity conser a on (e.g. Blake et al., 1995). 

Uganda 

The total wetland area of Uganda is es mated at 30,105 km2 (13  of total land area) of which 22,809 
km2 or 72  are classi ed as seasonal wetland ( igure 21). Permanent wetlands co er 7,296 km2 (24 ) or 
3  of the country and occur from the low-lying lake basins to the alpine one of the highest mountains 
( igure 22). Papyrus (Cyperus papyrus) swamps represent the largest por on of the permanent 
wetlands. Papyrus forms both oa ng swamps along the lake margins and alley swamps in steeper 
terrain (Carter, 1956). loa ng papyrus swamps are par cularly common along the northwestern shore 
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of Lake ictoria, at Lake Kyoga, Lake Bunyonyi and Lake lbert ( igure 21).
Under the oa ng mats plant detritus sinks to the lake bo om to form peat gy ja  that can ll shallow 
waters. ccording to Beadle (1974) these peats are not thicker than 2 3m whereas  in contrast  
Morrison (1968) based on numerous coring trials, states that the Papyrus (and grass) swamps below 
1600 m largely do not contain peat. Swamps of Papyrus are also common in the Kige i highlands of S -
Uganda where they reach peat depths of up to 20 m (Taylor, 1990). Seasonally inundated swamps are 
typically dominated by grasses, desiccate during the dry season and do not accumulate peat (Beadle, 
1974  Lind and Morrison  1974  Thompson and Hamilton, 1983). 

igure 20  istribu on of permanent and seasonal wetlands in Uganda in 1996. Retrie ed from  h p
www.wri.org map uganda-distribu on-permanent-and-seasonal-wetlands-1996

igure 21  Pris ne peatlands in Uganda  Papyrus swamps in the Nile delta of Lake lbert (le ), Carex 
peatland on Mt Elgon (middle) and highland alley Muchoya swamp (right). 
Photos  le  and middle  Rene ommain, right image taken from Google Earth.
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The Ministry of Energy and Mineral e elopment es mates the peatland area of Uganda at 4 000 km2 
(NEM , 2008) much less than reported in other sources (Page et al., 2011, Joosten, 2009  Shier, 1985). 
This gure is though in accordance with the large propor on of seasonally dry swamps and Morrison s 
(1968) obser a on of limited peat accumula on in the lower al tude Papyrus swamps. 

The most densely populated areas of Uganda, the Lake ictoria basin and southwest Uganda, ha e 
experienced the largest wetland losses (e.g. Kisoro and Jinja districts, NEM , 2008). Studies on 
draining Papyrus peatlands in southwest Uganda were already performed in the 1950s (Harrop, 1960). 
These experiments led to extreme acidi ca on (pH 2.4 2.7) a er e en slight drainage of 30 cm and 
to the forma on of sterile acid sulphate soils as a result of high sulphur contents of the fen peats 
(Harrop, 1960). These drained swamps could only be cul ated a er intense liming and fer li a on. 
Ne ertheless, many swamps in the Kige i highlands were reclaimed for small-holder agriculture with 
European drainage techni ues. Typically these peatlands are cul ated with sweet potatoes, sorghum 
and mai e, but also with peas, cereals and legumes (e.g. Lind and Morrison, 1974  Thompson and 
Hamilton, 1983). Small elds are established between rib-drains resul ng in densely drained peatlands. 

nother problem of these alley swamps is erosion and burying of peat from cul ated alley slopes 
(Pajunen, 1996). Swamp forest has by now disappeared from most alley peatlands due to agricultural 
encroachment (Taylor, 1990). The Papyrus swamps around Lake ictoria ha e o en been con erted to 
cocoyam (Colocasia esculenta) elds which leads to CO2 losses (Saunders et al., 2012), to lower nutrient 
reten on capacity and to higher pollu on of Lake ictoria (Kansiime et al., 2007). 

igure 22  ensely drained peatlands in S  Uganda  in the Kisoro istrict (le ) and Ruhuma en (Kabale 
istrict) (right). Ruhuma en was largely con erted since 2003 (Sli a, 2005) (Images taken from Google 

Earth).

The peat olume of Uganda is es mated at 60 billion m3 (NEM , 2008). This olume together with a 
mean bulk density of 0.1 g cm3 (NEM  2008) and a carbon content of 50  would yield a peat carbon 
stock of 0.3 Gtonnes. This C stock is substan ally lower than reported alues of between 1.3 and 1.5 
Gtonnes C (Joosten, 2009  Page et al., 2011). 

hether the ast papyrus swamps along Lake ictoria and the Nile basin ha e substan al peat deposits 
needs to be in es gated more rigorously. Recent eddy-co ariance studies by Saunders et al. (2007, 
2012) and Jones and Humphries (2002) report excep onally high carbon se uestra on rates from 
Ugandan and Kenyan lake-edge Papyrus swamps ranging from 480 g m-2 yr-1 to 1600 g m-2 yr-1. These 
rates are an order of magnitude higher than long-term carbon accumula on rates deri ed from peat 
cores from Rwandan Papyrus swamps (78 112 g C m2 yr-1, Pajunen, 1996) and suggest substan al 
peat accumula on under oa ng Papyrus swamps at present. Perhaps, the C4 plant Papyrus already 
bene ts from the higher atmospheric CO2 content. Longer eddy- ux measuring campaigns combined 
with peat core studies are truly needed to clarify the current status of undisturbed Papyrus swamps as 
signi cant carbon sinks.
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isturbance or con ersion switches Papyrus swamps, and other peatlands, into carbon sources 
(Saunders et al., 2012). In the 1990s 7.3  ( 2200 km2) of Uganda s wetlands were con erted (NEM , 
2008, cf. igure 22). The popula on of Uganda doubled between 1990 and 2011 from 16 to o er 32 
million people (UBOS, 2012). It is therefore likely that also the area of reclaimed wetland has doubled 
to about 5,000 km2 today. Joosten (2009) es mates the emissions from drained peatlands in Uganda 
on 20 Mtonnes per year, being the largest emissions of all frican countries.

The peatlands of Uganda are subject to intensi e and increasing agricultural use. The obser ed 
en ironmental problems associated with peatland drainage can be reduced through a oiding further 
reclama on, restoring degraded sites and implemen ng paludicultures. The highly produc e Papyrus 
has long been used for roof thatching, ma ng, or construc ng shing- oats (Beadle, 1974) and appears 
to be an ideal plant for sustainable use of undrained peatlands.

rained peatland used for agriculture in est-Uganda. 
Photo  Marcel Sil ius
 

5. . mazon Basin  Brazil, Guyana hield and Peru

The drainage area of the ma on 
Basin co ers more than one third of 
the South merican con nent and is 
shared by Boli ia, Bra il, Colombia, 
Ecuador, Guyana, rench Guiana, Peru, 
Suriname and ene uela, with Bra il 
co ering approximately 70  of the 
area. ma onia sensu stricto co ers 
an area of 5,569,170 km , whereas the 
Guiana subregion co ers an addi onal 
970,160 km  (E a and Huber, 2005  

igure 23).

igure 23  The delimita on of ma onia 
sensu stricto (do ed line) and four 
peripheral subregions Guiana, ndes, 
Planalto and Gurup  (from E a and 
Huber, 2005).
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No comprehensi e sur eys on the area of peatlands or organic soils exist for the huge area of the 
ma on Basin. Parts ha e, howe er, been subject of case studies combining satellite imagery and 

ground truthing, of which the results were extrapolated to the en re basin. ccording to Junk et al. 
(2011) some 30  of the 7 million km  large ma on Basin comply with interna onal wetland de ni ons. 

ll wetlands with stable water le els store organic material.

Extrapola ng from the estern ma onian situa on, Schulman et al. (1999) es mate ma onia to 
hold 150,000 km2 of peatlands, consis ng of Mauri a swamps, open wetlands in oodplains, small 
swamps in creek alleys, rain-fed mires both in uplands and ri er oodplains, and nutrient-rich open 
peatlands in at upland areas (Ruokolainen et al., 2001  L hteenoja et al., 2009).

Brazil

Peat deposits ha e been reported to occur regularly along the major ri er systems of the ma on 
Basin (Shrier, 1985  Shimada, 2005), especially in abandoned meanders and oxbow lakes ( ranchi et 
al., 2004).  map of Sie ermann (1988) shows major peatland areas along the ma onas, Manaos, 
Madeira and Belem ri ers and along the Rio Negro. Innumerable smaller peatlands can be assumed 
to exist within the rainforests of the ma on Basin (Schulman et al., 1999  Ruokolainen et al., 2001  
L hteenoja et al., 2009a).

The total area of peatland in the Bra ilian ma on is, howe er, unclear, with es mates ranging from 
15,000 km  (Bord na Mona, 1985  ndriesse, 1988), ia 15,000 35,000 km2 (Ma ar and ela aro, 
1980  Sus c ynski, 1981  Lappalainen, 1996) and 40,000 km2 (Schulman et al., 1999) to 55,000 
km  (Ruokolainen et al., 2011). The 55,000 km  es ma on (based on a ailable publica ons, eld 
obser a ons, land co er maps and satellite imagery) claims to be a rough, conser a e and probably 
the best a ailable es mate for this area. It is clear that more comprehensi e and reliable data on the 
loca on and extent of peatlands in the Bra ilian ma on are urgently needed.

New remote sensing applica ons ha e already re ealed the existence of extensi e peat domes ( igure 
24) illustra ng that the peatland area of the Bra ilian ma on may be conspicuously larger than 
currently known.

igure 24  Peat domes of the Central ma on between the ma on and the Putumajo Ri er prospected with 
op cal satellite imagery, SRTM (topographic informa on), and satellite Li R data (ICESat Glas). Graphs 
show the polynomial regression cur e illustra ng the con ex shape (cf. Jaenicke et al., 2008). Unpublished 
data pro ided by lorian Siegert and Uwe Ballhorn, RSS - Remote Sensing Solu ons GmbH, 2012.
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Except for peat extrac on (Couch, 1993  ranchi et al., 2004  Shimada, 2005), no systema c data are 
a ailable on the use of peatlands. Lappalainen (1980, 1981) described peatlands in the Paraiba ri er 
alley that were all drained and used for agriculture or as pasture. ccording to Marko  et al. (1988) 

about 3,140 km2 of peatland has been drained, mostly for agriculture ( igure 25). 
 

igure 25  egetable growing on beds, by Japanese se lers on 1.5 m thick peat in Bra il, prac cing 
sprinkler irriga on to pre ent desicca on. Note the original primary forest in the background ( rom 

ndriesse, 1988).

ccording to the IMCG Global Peatland atabase, the peatlands of Bra il contain some 5.5 Gtonnes of 
Carbon and emit 12 Mtonnes of CO2 per year (Joosten, 2009).

The priority for  Bra il should be a detailed in entory on the distribu on of the country s peatlands, 
their use and degrada on stage. Such informa on is crucial to set up management plans for pris ne or 
moderately degraded sites, alterna e land-use op ons for drained or cul ated peatlands and for the 

uan ca on of peatland carbon losses.

Peru

Most of the Peru ian Lowland ma on (  500 m.a.s.l.) consists of allu ial plains. The main ri ers in the 
area are the ma on (Solim nes) and the Mara on. Swamps occur in areas with incomplete drainage, 
such as inac e channels (oxbow and serpen ne swamps or lakes), tributary alleys  poorly drained 

oodplains depressions or in alleys and depressions in the terra rme, i.e. beyond the area presently 
ooded by ri ers (Kalliola et al., 1991). The main egeta on types are palm swamps (with Mauri a 
exuosa, igure 26), shrub swamps and herbaceous marshes.

Un l the end of the twen eth century hardly any informa on was a ailable on peatlands of the lowland 
Peru ian ma on, but recently the knowledge base has conspicuously impro ed. Schulman et al. (1999) 
gi e an area of Mauri a exuosa swamps of 47,140 km2 (cf. ONERN, 1986) and assume, supported by 

eldwork, that the peat deposits in these swamps are o en more than one meter thick. Ruokolainen et 
al. (2001) es mate the peatland area of the Peru ian Lowland ma on to be 50,000 km . L hteenoja et 
al. (2009b) found fre uently peat deposits in this area with some being notably thicker than pre iously 
reported from anywhere in ma onia (cf. Junk, 1983  Sus c ynski, 1984  Shier, 1985  ndriesse 1988). 
or the Pasta a-Mara on foreland basin (120,000 km ) the total peatland area is assumed to be 43,860 

km2 with a total carbon stock of 6.2 Gtonnes (L hteenoja et al., 2011). 



77

igure 26  Mauri a exuosa peatland in the Peru ian ma on. 

The Guyanas

The Guyana subregion is bordered in the north by the tlan c coast and the Orinoco and ichada 
ri ers, whereas the southern limit is formed by the watershed of the ma on Ri er Basin (E a and 
Huber, 2005). It comprises the Guiana region of ene uela, parts of Colombian ma onia, rench 
Guiana, Guyana, Suriname and the northern part of the state of map  in Bra il. No comprehensi e 
and reliable data on the extent of peatlands or organic soils are a ailable for this region.

The coastal one of the Guyanas forms part of an uninterrupted low and wet area that ranges from the 
Orinoco delta ( elta macuro) to the ma on mouth. Large areas with peat soils occur here, especially 
in the northwest region of Guyana (ter Steege and onder an, 2000). hile peat depths range up to 
9.0 m, the a erage depth is less than one meter meter (Shrier, 1985).
Mangro e forests occur in a narrow belt of a few kilometres wide along the coast and along the banks 
of the lower reaches of ri ers. In permanently ooded areas of at plains in the coastal one, swamp 
forests can be found. Their poorly drained soils o en consist of peats o er coastal clay (ter Steege and 

onder an, 2000). More inland, where the dura on of ooding is less pronounced, seasonally ooded 
palm marshes and swamp forests occur. lso in these areas peat may ha e been deposited.

The extensi e hite sand  areas of Guyana, Suriname and rench Guiana ha e a gently rolling aspect 
and are drained by many blackwater streams (ter Steege and onder an, 2000). The water table in the 
heads of such streams is permanently high and o en a swamp forest is found on a layer of peaty soil. 
Beside these shallow peat areas a number of ast swamps exist where drainage is so slow that the peat 
grows abo e sea le el. These areas of ombrogenous peat  can be recogni ed on aerial photographs 
by their characteris c radial drainage pa ern (Brinkman and Pons, 1968).

French Guiana 

rench Guiana is ery humid and about twenty ri ers enter the tlan c Ocean along the 320 km of 
lowlands, which ha e a maximum width of 50 km at Pointe Behague and a minimum width of 5 km 
east of Cayenne (Prost and Loi er, 1989). Important wetlands occur only in this coastal strip and co er 
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an area of 3,380 km  (Sco  and Carbonell, 1986). ast (also permanent) marshes, mangro es and 
swamp forests are known from the estuaries of the Sinnamary, Iracoubo and numerous smaller ri ers, 
the Mahury, pprouague and Kaw Ri ers, and of Pointe Behague and the lower Oyapock Ri er (Sco  
and Carbonell, 1986, igure 27a). These wetlands include large areas co ered by so-called pegasse  
(freshwater peat), which can be 1 2 m thick (Boy, 1959). Saline soils and clays pre ail close to the 

tlan c coast whereas farther inland large peat areas occur. djacent lateri c soils mark the change 
towards the non-hydromorphic areas of interior rench Guiana (cf. igure 27b).

Shrier (1985) referring to the O UNESCO 1971 1981 Soil Map of the orld deduced from the Histosol 
area a mire area  of 1,620 km2 for the coastal swamps of rench Guiana. The interpreted orld Soil 
Map arri es at an almost similar es mate of 1,720 km ( an Engelen and Hu ng, 2002). Taking into 
account that the total wetland area is es mated to be 3,380 km  and large areas are expected to 
desiccate during dry seasons (Sco  and Carbonell  1986), an original peatland area of about 1,700 
km  for rench Guiana may be realis c. Because large tracks of coastal swamps ha e already been 
destroyed for agriculture and shrimp farming (Sco  and Carbonell, 1986), the current peatland area 
can be assumed to be less.

Guyana 

In the north of the Guiana subregion, the ancient landmass of the Guiana Shield occupies an area of 
approximately one million km2 which includes some 50 more or less isolated table mountains called 
tepuis (E a and Huber, 2005). These at topped table mountains of between 1,200 and 3,000 m height 

o en harbour waterlogged soils that stores organic material (Junk et al., 2011).
Peat soils occur in palm swamps, broadlea ed swamp forest, open swamps and in the broadlea ed 
meadows in the Guyana highlands (Guyana orestry Commission, 2011  Huber, 2006). The most 
extensi e stands of permanent ooded swamp forest on peat were found in the North est istrict of 
Guyana and in the elta macuro (ter Steege and onder an, 2000). Swamp forest is also found in the 

hite sands area  with its gently rolling aspect and its drainage pa ern of blackwater streams. 

igure 28 shows the wetland egeta on types of Guyana. Open swamps, Coastal swamp forests and 
Broadlea ed upland meadows usually deposit peat (cf. ter Steege, 1999  Huber, 2006) and combined 
co er an area of 12,700 km . How much peatland occurs in the mangro es and the Mixed forest
Swamp forest complex ( igure 28) remains unclear. ll swamp and marsh forests together co er an 
area of 26,899 km .

igure 27a. Major wetlands of rench Guinea. 
Rectangles mark wetlands which include larger 
peatlands  1  Estuaries of ri ers Sinnamary, 
Iracoubo and numerous smaller ri ers  2  Kaw 
Marshes  estuaries of the Mahury, pprouague 
and Kaw ri ers  3  Estuary of ri er Oyapock on 
the Bra ilian border. ( er LointIier, 1996 and 
Sco  and Carbonell, 1986.)

igure 27b. Soil map of part of the Kaw Marshes 
in rench Guiana. Lightgreen areas are co ered by 
shallow peats (a er ond Topographi ue and the 
Carte g ologi ue de la Guyane rancaise au 1 100.000, 
O ce de la Recherche Scien ue et Techni ue Outre-
Mer ORSTOM, sec on p dologie de l Ins tut ran ais 
d mericani ue Tropicale). 
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Much of the former seasonally ooded palm marsh and swamp forests along the ri ers in eastern 
Guyana were cul ated by the utch (ter Steege and onder an, 2000). Repe e burning has led 
to large-scale herbaceous and grassy swamps, interspersed with Mauri a palm trees. O erall forest 
degrada on and deforesta on in Guyana is es mated at some 640 km2 per year. To what extent peat 
soils are a ected is unknown.

Peat soils along the coast may store  1900 tonnes C ha-1 with each 10 cm of peat contribu ng 
approximately 245 tonnes C ha-1 (ter Steege et al., 1999). ccording to ter Steege (2001) the soil organic 
ma er up to one meter depth is 490 tonnes ha-1 in pegasse (peat) soils. There also ha e been used 
more conser a e gures (e.g. lder and an Kuijk (2009) for swamps and marshy areas of 167 t ha-1). 
orest degrada on and deforesta on in Guyana is responsible for a loss of 12.8 million tonnes C per 

year, or a CO2 release of 46.9 Mtonnes CO2-e ( lder and an Kuijk, 2009). It is unknown if the peat soils 
are ade uately included in this gure.

hile comba ng climate change, the go ernment of Guyana plans to drain large coastal areas including 
55,000 ha of state-owned, uncul ated  coastal lands. The O ce of the President (2009) considers 
much of Guyana s se eral hundred thousand hectares of non-forested land to be a ailable for intensi e 

igure 28. egeta on map of Guyana showing selected egeta on types (a er lder and an Kuijk, 
2009). The large tur uoise area in the south indicates Mixed orest of South Guyana  (not included in 
the legend) and not the Mangro e forest  that is indicated with a similar colour.
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agricultural de elopment, which re uires drainage and irriga on (e.g. in the Canje Basin). Care has to 
be taken not to drain organic soils and  if una oidable  to focus on wet agriculture (paludicultures).

uriname

The coastal wetlands of Suriname co er an area of about 18,000 km  (Junk, 1993). llu ial plains 
with ri erine marshes, freshwater swamps, large areas of swamp forest, rain-fed peat swamps and
or Mauri a exuosa palm swamps include the Nanni swamps (2,700 km ), the Coronie Swamps (3,000 
km ), the wetlands along the Coesewijn and the Saramacca Ri er (2,000 km ) and the anekreek 
wetlands (700 km ) ( igure 30). In these wetlands a peatland area of 8,400 km  can be expected (cf. 
Table 13).

igure 29) etlands of Suriname (a er Sco  and Carbonell, 1986), which might harbour extensi e 
peatlands. 1  Nanni swamp  2  Coronie Swamps  3  wetlands of the the Coesewijn and the Saramacca 
Ri er  4  the anekreek wetlands.

Table 1 . orest types of insu ciently drained soils  of Surinam (a er O, 2010).

a onal class rea 1 8 (ha) e ni on

High Swamp forest 485 300
- ery wet condi ons all year round
- at least 20 meter high with two storeys and fairly closed
- peat soils

Low Swamp orest 239 200

- wet condi ons all year around
- open scrub to a low closed forest
- one single storey of 10 to 15 meter height
- peat soils

Mangro e orest 114 600 closed forests with one storey- undergrowth restricted to ferns

Marsh forest 
(mostly on 
allu ial sediments)

463 65
- insu cient drainage causing seasonal uctua ons in  
  moisture condi ons from ery dry to ery wet
- clay soils
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Coastal peat soils of Northern Suriname are characteri ed by an organic pegasse  layer more of than 50 
cm thick consis ng of more or less decomposed forest li er ( an der Eyk, 1957). In the central parts of 
these swamps, the peat o en reaches a thickness of 125 to 250 cm ( igure 30). Large, rain-fed domed 
peatlands ha e been described by Brinkman and Pons (1968).

igure 30. Geological map of the coastal plain of Suriname. Brown  ombrogenous (rain-fed) peat  grey  
pyri c clays, peaty clays and peat ( Mara  forma on  a er ong, 2009).

Peat or peaty soils also occur in the southern part of the middle belt of Suriname. There, the low-relief 
plains are dissected by stream alleys that form a rather regular drainage pa ern. In the at bo oms 
of such streams peats and peaty deposits occur ( an der Eyk, 1957).

Shrier (1985) men ons a mire area  for Suriname of 1,130 km2 of coastal swamps, whereas according to 
an Engelen and Hu ng (2002) 5 932 km2 of Histosols exist. In considera on of the a ailable informa on 

(e.g. Sco  and Carbonell, 1986) the la er es mate seems more realis c, but more comprehensi e and 
reliable data on the peatlands of Suriname are urgently needed.

Threats to Surinam s swamp forests are di erse. They include drainage of swamps for agriculture, 
damming for water storage and agriculture, grass and peat res, discharge of agrochemicals, introduc on 
of exo c plants, de elopment of roads and transport canals, swamp forest exploita on (drainage and 
canali ing for logging), bauxite mining and other industrial de elopment (Teunissen, 1993). t least 
75  of the swamp forest area has been burned and is now co ered with secondary swamp wood, 
swamp scrub or herbaceous swamp ( O, Country Report Surinam, 2010  h ps secure.worldwildlife.
org wildworld pro les terrestrial nt nt0149 full.html loca on). 

bout 85  of the land suitable for agriculture lies in the coastal area including the fer le soil of the 
young coastal plain and the large freshwater swamps and ri ers in the north. Since the arri al of the 
Europeans in the 17th century, about 2,000 km  of this land (mostly wetlands) has been turned into 
planta ons and polders. Upon clearing for rice the peat layer is usually stockpiled and some mes 
burned. hen de eloped for dry cropping, the peat layer is generally incorporated in the topsoil (Tjien 
ooh, 2007).

t se eral places, roads, dams and canals are crossing the swamps, e en at places where there s no 
other human ac ity. These structures may drama cally change the local hydrology and egeta on 
o er large areas, e.g. the Burnside- ageningen road, the drainage di ersion dam south of the Nickerie 
rice area, the MCP canal and the dam south of the Coronie rice polders (Tjien ooh, 2007).

Usually a thin ( 20 cm) to moderately thick (20 40 cm) peat layer is present in the swamp forest 
areas, but the peat layer may be considerably thicker (Noordam, 2007). Large amounts of CO2 and 
other gasses are released to the atmosphere through burning of egeta on and peat. One cm of peat 
contains approximately 5 t C per ha (Noordam, 2007).
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It is expected that in the coming years considerable areas of swamp egeta ons, including coastal 
wetlands will be turned into agricultural, residen al and or a uaculture land if there are no proac e 
measures taken to pre ent this. Because clearing the herbaceous swamps is cheaper, people ha e 
preferred to take them into use instead of (high) swamp forests. Howe er, with increasing pressure on 
the land near Paramaribo, also these forests are threatened to be cleared (Tjien ooh, 2007).
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Sur eying a burned peat swamp. 
Photo  Marcel Sil ius
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Peatland drainage - mainly for agriculture, grazing and forestry - and peat fires 

are responsible for almost one quarter of carbon emissions from the land use 

sector. By conservation, restoration and better management, organic soils and 

peatlands can make a substantial contribution to reducing atmospheric 

greenhouse gas concentrations.

 

This report informs on management and finance options to achieve emissions 

reductions and enhance other vital ecosystem services from peatlands. 

A decision support tree guides through opportunities for both cultivated 

and uncultivated peatlands. Methodologies and data available for quantifying 

GHG emissions from peatlands and organic soils are summarized and practical 

solutions are given concerning measuring, reporting and verification (MRV) 

and accounting. Country-specific case studies illustrate the problems, solutions 

and opportunities of peatland management. This report is a good handbook 

for policy makers, technical audiences and others interested in peatlands.
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