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How do peatlands develop?

Peatlands develop where dead vegetation (carbon) accumulates over thousands of
years, in water-saturated conditions

Carbon

Stream

L | channel
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How do peatlands develop?

Peat accumulation continues as long as water tables are near the soil surface:
‘carbon sink’

Carbon

Deltares 200
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How do peatlands develop?

The water remains stored as long as natural vegetation and hydrology remains in
place, with water levels near the surface

Deltares 2008
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Why does peatland drainage lead to subsidence, flooding, fire and CO, emissions?

Drainage lowers water table and dries the peat
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Why does peatland drainage lead to subsidence, flooding, fire and CO, emissions?

Dry peat will burn easily, but also decomposes (‘rotting’) without fires: ’carbon
source’

Carbon
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What is the long-term impact?
Peat loss can be quick (fires) or slow (oxidation)

When drained, all peat above drainage limit (River / Sea) will inevitably be lost

Deltares 2008
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In peatlands converted to agriculture, conditions have changed radically compared
to natural conditions:

From very wet to dry, through drainage

From dense vegetation cover to open, leading to high soil temperature

From low nutrients to high nutrients, through vegetation

From stable soil to disturbed soil

= A

Each of these effects causes peat oxidation.
Carbon loss from drained peatlands is therefore inevitable.
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In nearly all countries where it has been attempted, peatland drainage
has resulted in subsidence-related problems. Good examples are:

Netherlands
UK

USA
Others...

Some of these examples will be illustrated here.

The lesson that has been learnt by these countries is that drainage of
(deep) peatlands should be avoided, as it is uneconomic in the
longer term and causes a humber of environmental problems.

Indeed, Indonesia and Malaysia are now the only countries still attempting large-
scale developent of new agriculture on peatland. Other countries are now
attempting to undo some of the damage that peatland drainage has done
there — with great difficulty, often limited success and at enormous cost. Over
25 billion dollar for the US Everglades swamps alone!

Deltares
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Ground surface
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Fig. 1. Stages of peat subsidence after drainage of a peatland at Holme Fen,
Cambridgeshire, UK, modified after Hutchinson ( 1980).

Geoderma 154 (2010) 181-187

Subsidence and degradation of agricultural peatlands in the Fenlands of Norfolk, UK D e lt a r e S

Q. Dawson ®, C. Kechavarzi *, P.B. Leeds-Harrison ®, R.G.O. Burton ®



ey

.

-
o
.

—
-

-
-

-
B
-
e

.
-
.

-

-
-
|

-
.
-

-

-
-
.

-
.

.
-

-

.
-

.

E
E
-

-
-

b

e

L
.

-

-

.

-

o

-

o
-
o
g

o
L.
.

-
L

-

.

.
| N
gl
:

.
0

=

-
-
=
-
-

.
.
.

o
e
.

.

-

.
-
S

-
-

S

Ground surface when

it (well AFTER

subsidence started)

ole was bu

P!

kO m

N bow Lol
Rk

{1}
([T

Holme Posh

Poat
Cocford Clay

lupper surboce reworked|

me Post to Holme Lode (surveyed

PLATE 4. Holme Post (protruding ¢, 3-0 m). Photograph taken not later than 1913, and

probably between 1910 and 1913, looking NW (with acknowledgments to Cooper Square

Fublishers, MY

Deltares



o0
-

o
T
.

—~
e
-

-
o
-

-

o

-
-
-

.
-

-
s

F
i
|

s
-
g
-
.
g
Ea
g
g .

|
o>
>
&
- :

=

L »
R
o

i
-
=

&
o
e g

i

- .
oo
&
g
G
g
o .
- -
o

|

-
L
=
-
| !
L

7
S

|
4
=
=
.

-

_
e

.
>
.

.
-
e

.
.

_—
W
-

i
T
.
.
e
.
.
.
|
.

.
s
_

-
-

-
.
o

-

-
-

-

*

ol

|

o
.

-
o

i
i
-

lome
e
-

o
.

B
.
B
-
G

Canals (built between 912 and |91

1912

Land surface

1940

1970*
2000%*

Feat soll

Limestone bedrock

30 40

20
Distance (miles)

Ahlitude of
land surface

0

FLORIDA EVERGLADES

S.E. Ingebritsen

Deltares

Menlo Park, California

cal Survey,

U.S. Geologi

idence threatens agriculture and

Subs
complicates ecosystem restorat

1on



Deltares







-

S

s

i
-
-

S R
| et W
|
|
-

-

B

aﬁ&ihhuuu
e

**
zzzzzz
B
e
o
e

. '
g o
.
g
B
.
L .y
-

.
g
E

-

| W

.

L

. =
-

. 1)
. 4
-

-

| B

| R
§§

| =
| =
e

e
e

.
-

| T
| e
.
o
-
g
L
L
-
]
. AW
g

|
-
| =
|

| W
Ly
i
.
.
v
i

|

&
L

*
.
.
1
E
o

i
-
-
.

.

.
-

§

.

-
.

-

.
-

.

-
-
-
-
=
.
-
-
-

-
-

-

¢
o
St

ICS

trop

IN

subsidence far higher

Peat oxidation temperature dependent

FLORIDS =

INDIANS *

-

-

-
<" NETHERLANDS w»

(tefal)

{oxidation)

NETHERLANDS #
1
120

-

o o

(DRA /wa) JONIAISENS JOVNIAY

AVERAGE DEPTH TO WATER TABLE (cm)

Figure 4. Compara

il=1

total subsidence and subsidence atiribu-

tion. The §

Y = 0.0643X - 0.259; (b) I

Indiana and
il data for

n

versus water-table depth, Organic so
sed from Schothorst, 1977, The two |

tive subsidence rates of organic soi
perimpo

da Everglades

ri

the Flo

western Netherlands su

shown for the Netherlands show
table to biol

Florida

m

0.0344X — 0.429; ()
= 0.381; (d) Netherlands
where Y is the predicted

Inear regression equations are (a)
Y =
the average depth to water table

ndi
0.0281X
0.0134X - 0.291

1812

+

Y

i

ogical ox

etherlands (total subsidence): Y
tive subsidence)

N
(oxi
subgidence in cm per year, and X is

Deltares

Everglades, USA (Stephens et al. 1984)



_

:
.

=

o
.

L
o
.
*...:

-

-
gy

-

-

B

e

o

-
-
o
-
-
-
S
bRl
***:

T

-
-

e
e
o

o

- &
-

P
s
.
.

5
-

o

=
=
o

S

.
.
o
.

s
.

‘
-
-

:
-

o

i

-
g
-
=
- -
-

e
.

o

-

)

inage

-
-

-
& o
s
B
e
.
o
- o
o

e
-
-
.

-

!
=

I BN
- =
=

-

I
ions

on peat, developed

early 1960s

-
L e
.

well after dra
dustria

-

:
-
It i

“
-

Surface before drainage?
(subsidence pole placed

>
b
=

Irs

o
-
]

i

metres ofsubsidence

oil palm plantat
Now we see 310 4
within 50 years

-
-
-

The f

!
=

s
i
-
-
.
]
-
.
e
s
B
.

-
-
-




.
i
.
S
.
.
.
.

-
-

-

-
-

-

—
o
.
-

=
.

e
-
=
-

assa

-

-
.
-
-

.
-
.
=

-
-

s
o
.
.
L

e
e
.

.
-

*
&@#ﬁ%ﬁaﬁﬁﬁ
.
e

-
s

.
B
B

1a

*@
o
e
.
=
i

o
g
e

]

7
<
T
7p)

£
(9]
A
b
®©
(]
Q)
c
()
Q
(®)
©
=
©
S
©
S
(]
b
©
(2]
S
®©
(]
>
o)
c
®©
i e
=}
(]
S
(@)
£
s.‘
c
o
-
©
[y
c
©
Q
k=

.
s
s

-

-
-

N

e i
- -
L oEa
e
B
o ]
L -
.

o
o

!
-
L
=
-
e
-
.
-

4

.
ol

el
-

-
-

! -
- e
Lo
Pl
-
e

-
o
.
o

oublished field

d
L
.
-
-
.
-
.

.
-

.

| peat)

tropica

up to8cm/yin

(Stephens et al. 1984 (extrapolation from Everglades)

:up to 6 cm/y

FAO)

Andriesse, 1988 (Southeast Asia measurements

: 4.6 cm/y after 14-28 years

Wosten et al., 1997 (Johor)

5 cmly

DID Sarawak, 2001

4.3 cm/y after 15 years under best management

Mohammed et al., 2008 (Sarawak)

~5 cm/y

Hooijer et al. 2012 (Riau, Jamb

IS

| peatlands

ined tropica

deep dra

In

: subsidence i
always 4-6 cml/y.

Conclusion

izer —

ion is

dat
turbance and fert

ime, as oxi
| dis

, SO

h temperature

19

dless of management reg

is is regar
controlled by h
not only by water table depth

Th

Deltares



-
.
-
.
-
g
-
e
L
it ¥
B
.
-
i

.
.

-
-
-

-
-
e

.

-
=

-
-

-

]
]
s
=

-

3
-
-

o
=

.

:

o
e
.

. -

-
. -

.

-
-

=
-

r
o
B

-

-

:

.

o

o
o

;
*:
e
L
L

e

.
!
oo
- s
.
e

-

.
-

.

-

-
o
P

constant subsidence rate for many decades, until the area becomes undrainable

»
Forest dearad

Orainage stat=

First acacia harwest |
e o oo o - folloewed by wemter

*

management improwements

»
* »

'"_--"_--"_--"_--‘-_--*“i"_--"_--"_--"

Start precise

* L * - .

nn

oz 4-

08 T-Acaciaplanted

= T T

0F fom o g
A0 'I

-1z

I R rrecn it oring

MU) 2aUaplsqns anlenwng

-16

Jan03 dan-04  Jan05 Jdar0G Jan-07F Jdan0s Janog Jar-10

Jdan0z

-
T T T L ™= R |
1 1 1 L
1 1 1
1 1 1
1 1 1 1 )
1 1 1 1 -.
1 1 1 1 -
1 1 | 1
1 1 1 1
1 1 1 [
1 1 1 1
1 1 1 1 "
1 1 1 1
1 1 1
1 1 d 1
1 1 1 1
1 1 1 -..
1 1 1 1
] 1 1 'K |
1 1 1 _._
| ' o r
1 1 1 1
1 1 1 1
1 1 ! il
1 1 I L
1 1 1
] 1 1 a
1 1 On v
1 1 1 Col
| ; I
] 1 1 N 1
1 i - 1
1 1 I r 1
1 1 [ 1
1 1 [N 1
1 1 1- 1
1 1 r 1
1 1 1 1
1 1 -1 1
1 1 S 1
1 1 s 1
1 T 1
1 [} v 1 1
1 -
1 -
1 ! (]
o =
| DlgEe_mT
h 150 'la
_ i [EPRLEE
b m 3
" 1 m Hw | r~ mw
1 yl o e moE
coe EE a3
' ' . - m .
q_ -ﬂ.m.m ..mﬂu
. |ReigEs
n
_ MHW.HMnH
' oM m 2 mllU
' 0 E O W
1 I -
: - o
TR
\ :
1
1 1 1
T T T

-1
2

(U] aaUaplsqns aEINWN 7

50

Deltares

a0

20
rears since stant drainage

10

1 m subsidence

t year after

irs

f

raina

in
d

e

1.5 m subsidence

5 years

in

2.5 m subsidence

25 years

In

>5 m in 100 years?




.
.
-

.
o
E

L

-
-
-

-

.

.

S
-

e
-

o

-

-

-

g
-

=

.
-

o
.
-
e
o
.
L

o
-
o
-
-

=
s
s
o
o

-
o

-
-
o
-

e

-
e

o
. =
-

.

.
-
o

-

.
-
=

WA
e
S s
.

-
-
-

-
-

-
e .
- .
-

B

.
o
L

L
.

-
o
-

-
o

-

-
e

.

-
B

.
.
.
.

-
-
-

-

-
¢
.
i
.

-
-
-
o
-

=
-
L |

.

-
L

e
-

-
.

=

e
e

.
-
R

o
-

.
-

-
-
a

‘
i
B

"
-

.
-
-

.
B

.
o
L

.
:

i -
i e
e

.
o
o e
B

o
ﬁ¥~

-
o

.

.
.

.

date

ion

We see the effect of subsidence on the landscape, wherever good elevat

are available (usually they are not!).

LIDAR cross section in Central Kalimantan, EMRP Blok B

2011

ile A+B, 2011

DAR prof

River high water level

L
= LiDAR profile A+B+C+D,

| surface

igina

Bottom of peat deposi
base

= Drainage

Estimated or
— LiDAR profile B+C, 2011

uoneAs|3
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12000

Distance along profile from Kahayan river to east (m)

already well underway

Oil palm plantation in Central Kalimantan

to becoming undrainable, 5-15 years after drainage...
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Resulting statistics are indicative, and maybe surprising, but need further work, with
more data and with Indonesian experts, in the Joint Cooperation Programme?

Sarawak Kalimantan +|Sarawak +
Sumatra Kalimantan
+ Sumatra
Number of cross sections available 27 16 43
Average length of cross sections, from river (km) 7.0 12.2 9.0
Average peat depth (m)
Average peat depth (m) 6.2 7.5 6.7
Percentage peat depth > 3m 81% 88% 83%
Position of peat surface
Position above MSL, 1 km from river (m) 3.8 3.1 3.6
Position above MSL, 5 km from river (m) 5.9 5.7 5.8
Position of peat bottom
Percentage peat bottom below MSL 60 68 63
% peat bottom below MSL + Sea Level Rise? 67 75 70
% peat bottom below High Water Level” 83 94 87
% peat bottom below Drainage Base® 92 97 94
Trend in start of drainage problems (peat surface below Drainage Base)
after 25 years 46 48 46
after 50 years 70 68 69
after 100 years 83 89 85
Trend in end of gravity drainage (peat surface below Mean Sea Level)
after 25 years 12 12 12
after 50 years 32 27
after 100 years 52 52 52

@ A value of 0.5 has been assumed for Sea Level Rise over 100 years (IPCC, 2007)
b High Water Level: High Tide Level near the Sea, and Flood level along inland rivers

¢ The Drainage Base was defined by adding a conveyance gradient of 0.2 m/km
to HWL for River dominated water levels, and to MSL for Sea dominated water levels.
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Of the 25 Mha peatland in SE Asia, 15-20 Mha may be flooded and

other areas < 1 Mha).

ded;

1.5 Mha subsi

This is by far the largest and most impacted subsidence area in the world

(Netherlands
Peatland subsidence due to drainage may well become one of the b
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blems in SE A
Insecure ‘food security’ if agriculture expansion planned in peatlands?

Loss of export crops (oil palm, pulp & paper)?

Increased poverty of local population?
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