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Extended Data Table 1| Annual greenhouse gas fluxes (kg CO2/CH4/N2O ha–1 yr–1) in the pristine peatland under different conditions.
	Condition
	GPP
	Re
	NEE
	CH4
	N2O

	Overall
	-28274(4933)
	26323(4865)
	-1168(1003)
	207.68(24.66)
	0.70(0.17)

	Climate
	
	
	
	
	

	Tropical
	-136892(4160)
	124176(9688)
	-9432(8913)
	112.45(23.86)
	2.09(0.65)

	Temperate
	-17423(2839)
	15223(2526)
	-1988(582)
	207.38(29.65)
	0.60(0.13)

	Boreal
	-12423(1511)
	11916(1199)
	-421(455)
	130.40(18.88)
	0.53(0.25)

	Nutrient type
	
	
	
	
	

	Minerotrophic
	-16301(2664)
	13224(2284)
	-2334(439)
	233.33(30.43)
	0.73(0.19)

	Ombrotrophic
	-25205(5491)
	26551(5774)
	1084(543)
	104.60(19.33)
	0.45(0.22)

	Peatland type
	
	
	
	
	

	Bog
	-18472(5210)
	14154(2152)
	-3062(2371)
	84.57(14.65)
	0.16(0.04)

	Fen
	-12586(2074)
	10578(1666)
	-1976(502)
	308.88(41.18)
	0.21(0.08)

	Marsh
	-47513(4352)
	42038(5221)
	-4721(2114)
	90.51(18.38)
	1.08(0.40)

	Swamp
	-131074(1906)
	138394(2543)
	2606(1559)
	93.08(20.92)
	2.97(0.84)

	Functional type
	
	
	
	
	

	Cyperaceae
	-13683(2764)
	10626(2250)
	-1970(563)
	265.69(36.18)
	0.26(0.07)

	Forest
	-98306(14033)
	101564(15812)
	948(1381)
	117.47(19.49)
	1.59(0.53)

	Graminoid
	-69359(15438)
	45452(5348)
	-23907(11675)
	300.61(162.45)
	1.24(0.30)

	Peat moss
	-9356(1552)
	9747(1400)
	-179(621)
	123.20(25.83)
	0.02(0.03)

	Shrub
	-8254(603)
	9310(863)
	895(353)
	33.46(10.75)
	6.98(1.70)

	Inundation
	
	
	
	
	

	Permanently
	-22300(6506)
	19671(6000)
	-2445(1301)
	951.61(177.76)
	0.28(0.12)

	Seasonally
	-28104(4614)
	25674(4274)
	-2009(1176)
	129.61(12.45)
	0.56(0.14)

	Peat depth
	
	
	
	
	

	≤ 0.5
	NA
	NA
	-2212(513)
	112.97(36.77)
	0.80(0.30)

	0.5-1.0
	-27828(5606)
	21809(3211)
	-4895(2325)
	92.29(16.88)
	0.58(0.19)

	1.0-3.0
	-28930(9053)
	28978(9478)
	-581(933)
	173.74(36.90)
	0.32(0.23)

	3.0-5.0
	-8903(356)
	11141(537)
	1734(601)
	31.08(15.61)
	1.71(1.32)

	> 5.0
	-17995(/)
	11580(/)
	-4654(820)
	15.25(7.75)
	0.70(/)

	Soil C/N 
	
	
	
	
	

	≤ 15
	NA
	NA
	NA
	461.29(126.66)
	0.61(0.15)

	15-30
	-6424(1192)
	6093(1850)
	-331(658)
	330.91(139.02)
	0.69(0.26)

	30-60
	NA
	NA
	-1750(3750)
	86.76(30.67)
	0.95(0.55)

	> 60
	NA
	NA
	NA
	179.40(125.16)
	0.02(0.05)

	Soil pH
	
	
	
	
	

	≤ 5
	-12077(2359)
	12141(1248)
	-117(898)
	56.62(8.74)
	0.23(0.06)

	5-7
	-23786(5933)
	19036(3725)
	-3261(1582)
	139.16(42.14)
	3.02(1.18)

	> 7
	NA
	NA
	NA
	671.88(92.70)
	-0.51(0.08)

	SOC
	
	
	
	
	

	≤ 150
	NA
	NA
	NA
	16.77(9.44)
	0.65(0.25)

	150-350
	NA
	NA
	NA
	644.25(155.85)
	0.42(0.33)

	350-500
	-13481(5029)
	12738(4856)
	-1550(803)
	114.49(35.66)
	1.49(0.78)

	> 500
	NA
	NA
	NA
	149.26(71.31)
	1.29(0.72)

	TN
	
	
	
	
	

	≤ 5
	NA
	NA
	NA
	16.77(9.44)
	0.65(0.25)

	5-10
	NA
	NA
	2000(NA)
	59.23(11.27)
	0.61(0.18)

	10-20
	-6424(1192)
	6093(1850)
	-2054(1765)
	364.94(78.31)
	1.00(0.42)

	> 20
	NA
	NA
	NA
	97.94(36.12)
	0.90(0.10)

	Micro-topography
	
	
	
	
	

	Overall
	-28546(6615)
	26441(6991)
	-1658(627)
	213.02(29.85)
	0.75(0.21)

	Hummock
	-6805(996)
	8251(1152)
	1446(710)
	148.82(63.73)
	0.05(0.02)

	Lawn
	-4903(1000)
	4294(1004)
	-610(393)
	197.60(114.39)
	/

	Hollow
	-3870(1106)
	4830(1724)
	1144(750)
	185.01(86.11)
	0.11


Given data indicated as mean with one standard deviation.  NA indicates no observation.
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Extended Data Table 2| Annual greenhouse gas fluxes (kg CO2/CH4/N2O ha–1 yr–1) in the drained peatlands under different conditions.
	Condition
	GPP
	Re
	NEE
	CH4
	N2O

	Overall
	-26829(4277)
	29717(4172)
	3412(1007)
	25.48(5.24)
	3.63(0.59)

	WT decline driver
	
	
	
	
	

	Cropland
	-37361(9107)
	33876(10020)
	1377(1305)
	15.03(8.20)
	3.68(0.76)

	Cropland-N
	NA
	NA
	1790(NA)
	27.10(16.28)
	13.36(4.49)

	Forestry
	-59651(11210)
	62908(12757)
	2024(1327)
	11.17(2.45)
	1.99(0.46)

	Grassland
	-88130(36044)
	62495(22845)
	-24386(13954)
	5.95(1.87)
	5.08(1.80)

	Peat extraction
	-35990(/)
	35670(NA)
	5190(3571)
	5.01(3.04)
	8.71(7.38)

	Climate drying
	-8581(1061)
	13903(1387)
	4840(867)
	84.61(24.97)
	0.22(0.15)

	WT decline Intensity
	
	
	
	
	

	Shallow
	-16802(3378)
	15761(2823)
	-1515(764)
	42.43(10.02)
	2.18(0.68)

	Deep
	-33602(9336)
	39708(8523)
	5933(2243)
	4.10(1.16)
	4.88(1.36)

	Duration
	
	
	
	
	

	≤ 1
	-11555(3747)
	12377(2691)
	1376(1282)
	60.57(19.71)
	1.54(0.46)

	1-10
	-26244(7109)
	32658(7913)
	6248(1270)
	35.32(18.05)
	4.06(1.57)

	10-30
	-35504(12447)
	38761(9752)
	2299(3459)
	16.47(4.17)
	2.94(1.23)

	30-50
	-25037(6792)
	22424(5638)
	-1919(1432)
	11.49(3.26)
	1.48(0.63)

	> 50
	-29414(5854)
	28102(4519)
	-2241(1958)
	13.49(6.98)
	7.38(2.64)

	Climate
	
	
	
	
	

	Tropical
	-141033(9023)
	141788(9370)
	1913(6423)
	24.29(8.76)
	8.14(3.22)

	Temperate
	-16420(2836)
	18465(2747)
	3083(1003)
	28.44(8.95)
	3.00(0.71)

	Boreal
	-11610(1875)
	15688(1540)
	2528(1028)
	21.51(4.43)
	3.04(0.90)

	Nutrient type
	
	
	
	
	

	Minerotrophic
	-15788(2364)
	14578(2480)
	274(796)
	15.68(3.49)
	4.29(0.78)

	Ombrotrophic
	-26792(5876)
	32652(6234)
	5748(1029)
	39.70(12.18)
	0.79(0.30)

	Peatland type
	
	
	
	
	

	Bog
	-21728(6135)
	24354(3953)
	2126(1914)
	14.73(2.92)
	3.16(1.17)

	Fen
	-11879(1936)
	11211(1783)
	441(762)
	47.48(15.25)
	2.07(0.53)

	Marsh
	-23691(3456)
	35481(3888)
	8957(3229)
	10.11(4.71)
	2.16(0.49)

	Swamp
	-134200(6589)
	149311(7901)
	7890(2090)
	21.13(7.37)
	8.23(2.59)

	Functional type
	
	
	
	
	

	Cyperaceae
	-14313(2444)
	12894(2529)
	-1849(718)
	35.72(12.89)
	3.01(0.93)

	Forest
	-109013(11775)
	117349(14664) 
	7071(1953)
	23.88(8.17)
	6.83(2.47)

	Graminoid
	-54724(20056)
	50220(11665)
	-4503(9410)
	2.02(1.02)
	4.08(1.92)

	Peat moss
	-9313(2523)
	14553(1952)
	4855(1447)
	28.82(7.99)
	2.64(1.57)

	Shrub
	-6749(844)
	11827(1308)
	4033(1013)
	5.23(3.26)
	9.64(3.87)

	Inundation
	
	
	
	
	

	Permanently
	-14937(4939)
	18907(5194)
	4111(2500)
	6.87(3.71)
	2.31(0.22)

	Seasonally
	-28978(4942)
	31670(4814)
	2489(1022)
	26.79(5.74)
	3.03(0.59)

	Peat depth
	
	
	
	
	

	≤ 0.5
	NA
	NA
	1220(821)
	43.54(17.41)
	1.17(0.30)

	0.5-1.0
	-21166(4316)
	17753(2450)
	-3917(1288)
	32.82(12.00)
	2.27(0.91)

	1.0-3.0
	-27210(7457)
	29162(8158)
	2133(1247)
	77.64(25.52)
	10.76(5.61)

	3.0-5.0
	-6563(786)
	17329(995)
	10115(1339)
	1.47(0.36)
	10.55(6.66)

	> 5.0
	-2055(/)
	3447(/)
	1539(1876)
	0.97(0.55)
	0.80(/)

	Soil C/N 
	
	
	
	
	

	≤ 15
	NA
	NA
	NA
	7.84(3.03)
	2.30(0.34)

	15-30
	-9328(1906)
	9587(2506)
	258(600)
	4.39(1.41)
	3.04(1.16)

	30-60
	NA
	NA
	-5575(849)
	5.05(1.62)
	9.15(4.96)

	> 60
	NA
	NA
	NA
	16.71(5.22)
	0.05(0.01)

	Soil pH
	
	
	
	
	

	≤ 5
	-8581(1559)
	17315(1049)
	5436(1461)
	11.57(2.73)
	2.23(0.88)

	5-7
	-19179(3889)
	16621(2210)
	-1860(1228)
	14.78(6.26)
	7.19(2.68)

	> 7
	NA
	NA
	NA
	6.04(1.06)
	0.26(0.06)

	SOC
	
	
	
	
	

	≤ 150
	NA
	NA
	NA
	1.19(2.40)
	2.03(0.37)

	150-350
	NA
	NA
	NA
	10.12(3.09)
	2.51(0.29)

	350-500
	-12152(2640)
	12650(2869)
	-2793(766)
	13.62(4.77)
	2.20(0.98)

	> 500
	NA
	NA
	NA
	6.35(2.22)
	11.74(3.95)

	TN
	
	
	
	
	

	≤ 5
	NA
	NA
	NA
	13.25(4.33)
	3.31(2.71)

	5-10
	NA
	NA
	-5600(/)
	13.07(2.72)
	1.91(0.31)

	10-20
	-9328(1906)
	9587(2506)
	-2621(1680)
	6.74(1.65)
	5.32(2.28)

	> 20
	NA
	NA
	NA
	3.26(3.45)
	4.00(1.57)

	Micro-topography
	
	
	
	
	

	Overall
	-24577(5113)
	26299(5532)
	973(743)
	21.47(3.27)
	3.15(0.60)

	Hummock
	-6469(1059)
	9951(1110)
	3481(836)
	8.45(3.60)
	0.47(0.28)

	Lawn
	-6736(1880)
	7031(1872)
	295(604)
	45.16(35.57)
	/

	Hollow
	-3861(456)
	14502(2764)
	10641(2546)
	55.70(37.86)
	1.19(0.92)


Given data indicated as mean with one standard deviation. NA indicates no observation.
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Extended Data Table 3| Summary of off-site mean annual GHG (CO2, CH4 and N2O) fluxes (kg CO2-eq. ha–1 yr–1) associated with the decline in the water table of pristine peatlands. Note that due to lack of information, data are classified only by climate zones.
	Climate
	Manure
C inputa
	Biomass C harvestb
	C export by drainage ditches
	Emission of GHGs from drainage ditchesc
	Peat C extractiond

	
	
	
	DOC
	DIC
	CO2
	CH4
	N2O
	

	Boreal
	NA
	5580(891)
	268(42)
	35(5)
	4425(774)
	8503(2590)
	212(29)
	613665(55511)

	Temperate
	–4980(502)
	12385(906)
	707(64)
	87(35)
	7118(1766)
	10964(2843)
	246(98)
	781851(111990)

	Tropical
	NA
	28527(7831)
	2220(562)
	960(137)
	9556(4903)
	71641(21907)
	1632(691)
	1128168(134018)


a input of manure C to drained peatlands used as agriculture land-use (cropland + grassland).
[bookmark: _Hlk132729606]b refers to grass or crop harvest. Biomass removal in forestry land-use is not considered as the multidecadal rotations involved in logging process makes estimating the C balance highly uncertain.
c For the area-weighted GHG calculation, we assume that the mean ditch surface is 4.2 ± 0.4, 7.3 ± 1.4 and 3.4 ± 0.6% for drained peatlands in boreal, temperate and (sub)tropical regions, respectively (see Supplementary data D and Extended Data Fig. 7a).
[bookmark: _Hlk132826531]d refers to drained peatlands that are used for peat extraction. Following earlier studies, we assume that 0.4 metres of peat is extracted annually50,51. Furthermore, we use the reported mean SOC concentration and bulk density values for this land use category to estimate total C loss due to peat extraction (Extended Data Fig. 8). According to our literature review (see Supplementary data E and Extended Data Fig. 7b), peat extraction is performed on 1.13 ± 0.47% of the global total drained peatland area. 
[bookmark: _Hlk132826547]More details on the off-site flux dataset are provided in Supplementary data B and Extended Data Figs. 7 and 8. 
DOC: dissolved organic carbon; DIC: dissolved inorganic carbon.
The number in the brackets indicate the deviation from the mean for a 95% confidence interval. NA: No observation.


Extended Data Table 4| Number of studies reporting either chamber method or eddy covariance (EC) technique for measuring the on-site fluxes of GHGs. Only paired studies that focused on WT decline effects were considered.
	Flux
	Pristine peatland
	Drained peatland

	
	Chamber method
	EC technique
	Chamber method
	EC technique

	NEE
	109
	33
	109
	33

	GPP
	73
	25
	73
	25

	Re
	73
	25
	73
	25

	CH4
	293
	13
	293
	13

	N2O
	134
	0
	134
	0


NEE: net ecosystem exchange of CO2, GPP: gross primary productivity, Re: ecosystem respiration, CH4: methane, N2O: nitrous oxide.

Extended Data Table 5| Summary of the mean ratios and 95% confidence intervals for growing season on-site net ecosystem CO2 exchange (NEE) to annual NEE for pristine and drained peatlands in temperate and boreal regions.
	Peatland status
	Climate zone
	Post WT decline land use
	Peatland
type
	Nutrient type
	Micro-topography
	Plant functional type
	Mean ratio
	95% CI
	Sample
size

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Hummock
	Shrub
	0.80
	–0.32–1.93
	3

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Hollow
	Moss
	1.55
	1.04–2.06
	10

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Overall
	Shrub
	1.37
	1.12–1.62
	2

	Pristine
	Boreal
	
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	2.54
	2.24–2.84
	9

	Pristine
	Boreal
	
	Fen
	Minerotrophic
	Overall
	Moss
	1.22
	1.09–1.35
	5

	Pristine
	Boreal
	
	Fen
	Minerotrophic
	Overall
	Shrub
	3.63
	–0.22–7.49
	8

	Pristine
	Boreal
	
	Fen
	Ombrotrophic
	Hummock
	Moss
	1.45
	1.07–1.84
	2

	Pristine
	Boreal
	
	Fen
	Ombrotrophic
	Hollow
	Cyperaceae
	0.54
	0.36–0.72
	2

	Pristine
	Boreal
	
	Swamp
	Minerotrophic
	Overall
	Shrub
	3.63
	–0.22–7.49
	8

	Drained
	Boreal
	Forestry
	Bog
	Ombrotrophic
	Overall
	Moss
	1.41
	1.19–1.62
	5

	Drained
	Boreal
	Climate drying
	Bog
	Ombrotrophic
	Overall
	Moss
	1.59
	1.33–1.84
	11

	Drained
	Boreal
	Forestry
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	1.41
	1.19–1.62
	5

	Drained
	Boreal
	Climate drying
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	–3.46
	–17.76–10.84
	4

	Drained
	Boreal
	Climate drying
	Fen
	Ombrotrophic
	Overall
	Moss
	1.59
	1.33–1.84
	11

	Drained
	Boreal
	Forestry
	Swamp
	Minerotrophic
	Overall
	Shrub
	1.41
	1.19–1.62
	5

	Pristine
	Temperate
	
	Fen
	Ombrotrophic
	Overall
	Graminoid
	1.33
	0.87–1.79
	23

	Pristine
	Temperate
	
	Fen
	Minerotrophic
	Overall
	Moss
	0.83
	0.17–1.49
	9

	Pristine
	Temperate
	
	Bog
	Ombrotrophic
	Overall
	Cyperaceae
	2.28
	1.95–2.61
	2

	Pristine
	Temperate
	
	Bog
	Ombrotrophic
	Overall
	Moss
	1.20
	0.52–1.88
	15

	Pristine
	Temperate
	
	Bog
	Ombrotrophic
	Hummock
	Shrub
	1.58
	1.28–1.88
	4

	Drained
	Temperate
	Forestry
	Fen
	Minerotrophic
	Overall
	Graminoid
	1.41
	1.19–1.62
	5

	Drained
	Temperate
	Forestry
	Bog
	Ombrotrophic
	Overall
	Moss
	1.41
	1.19–1.62
	5

	Drained
	Temperate
	Climate drying
	Fen
	Minerotrophic
	Overall
	Moss
	–3.46
	–17.76–10.84
	4

	Drained
	Temperate
	Climate drying
	Bog
	Ombrotrophic
	Overall
	Moss
	1.59
	1.33–1.84
	11


Note that gap-filling technique is not applied for (sub)tropical peatlands, as NEE was annually measured in (sub)tropical peatlands. 
Also note that we simultaneously considered the factors peatland status, climate zone, post water table (WT) decline land use, peatland type, nutrient type, micro-topography and plant function type for gap-filling the growing season measured fluxes.
Extended Data Table 6| Summary of the mean ratios and 95% confidence intervals for growing season/wet season on-site net ecosystem methane (CH4) fluxes to annual fluxes for pristine and drained peatlands in different climate zones.
	Peatland status
	Climate zone
	Post WT decline land use
	Peatland
type
	Nutrient type
	Micro-topography
	Plant functional type
	Mean ratio
	95% CI
	Sample
size

	Pristine
	Boreal
	
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	0.75
	0.67–0.82
	13

	Pristine
	Boreal
	
	Fen
	Minerotrophic
	Overall
	Forest
	0.61
	0.58–0.64
	5

	Pristine
	Boreal
	
	Fen
	Minerotrophic
	Overall
	Moss
	0.92
	0.83–1.01
	3

	Pristine
	Boreal
	
	Fen
	Ombrotrophic
	Hummock
	Moss
	0.93
	0.90–0.96
	4

	Pristine
	Boreal
	
	Fen
	Ombrotrophic
	Lawn
	Moss
	0.65
	0.39–0.92
	5

	Pristine
	Boreal
	
	Fen
	Ombrotrophic
	Hollow
	Cyperaceae
	0.87
	0.72–1.03
	5

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Hummock
	Shrub
	0.87
	0.83–0.92
	4

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Hollow
	Moss
	0.76
	0.64–0.89
	6

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Overall
	Shrub
	0.85
	0.82–0.89
	3

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Overall
	Moss
	0.80
	0.80–0.91
	8

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Overall
	Forest
	0.71
	0.66–0.77
	17

	Pristine
	Boreal
	
	Swamp
	Minerotrophic
	Overall
	Shrub
	0.79
	0.72–0.85
	21

	Pristine
	Boreal
	
	Marsh
	/
	Overall
	Cyperaceae
	0.70
	0.65–0.74
	33

	Drained
	Boreal
	Forestry
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	0.97
	0.52–1.42
	6

	Drained
	Boreal
	Forestry
	Fen
	Minerotrophic
	Overall
	Forest
	0.97
	0.52–1.42
	6

	Drained
	Boreal
	Climate drying
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	0.61
	0.53–0.69
	4

	Drained
	Boreal
	Climate drying
	Fen
	Minerotrophic
	Overall
	Moss
	0.72
	0.58–0.85
	8

	Drained
	Boreal
	Climate drying
	Fen
	Ombrotrophic
	Overall
	Moss
	0.92
	0.86–0.98
	4

	Drained
	Boreal
	Forestry
	Bog
	Ombrotrophic
	Overall
	Shrub
	3.92
	–2.55–10.38
	15

	Drained
	Boreal
	Forestry
	Bog
	Ombrotrophic
	Hummock
	Shrub
	0.86
	0.79–0.92
	3

	Drained
	Boreal
	Forestry
	Bog
	Ombrotrophic
	Hollow
	Moss
	5.38
	–1.98–8.79
	18

	Drained
	Boreal
	Climate drying
	Bog
	Ombrotrophic
	Overall
	Moss
	3.76
	–2.30–9.81
	16

	Drained
	Boreal
	Peat extraction
	Bog
	Ombrotrophic
	Overall
	Moss
	1.33
	0.95–1.72
	6

	Drained
	Boreal
	Cropland
	Bog
	Ombrotrophic
	Overall
	Moss
	6.89
	–0.33–14.12
	2

	Drained
	Boreal
	Forestry
	Swamp
	Minerotrophic
	Overall
	Shrub
	0.97
	0.52–1.42
	6

	Drained
	Boreal
	Climate drying
	Marsh
	Minerotrophic
	Overall
	Cyperaceae
	0.96
	0.63–1.30
	10

	Pristine
	Temperate
	
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	0.94
	0.92–0.95
	3

	Pristine
	Temperate
	
	Fen
	Minerotrophic
	Overall
	Moss
	0.70
	0.55–0.86
	10

	Pristine
	Temperate
	
	Fen
	Minerotrophic
	Hummock
	Moss
	0.76
	0.58–0.94
	7

	Pristine
	Temperate
	
	Fen
	Ombrotrophic
	Overall
	Graminoid
	0.69
	0.53–0.85
	4

	Pristine
	Temperate
	
	Fen
	Ombrotrophic
	Overall
	Moss
	0.93
	0.90–0.96
	4

	Pristine
	Temperate
	
	Bog
	Ombrotrophic
	Overall
	Cyperaceae
	0.83
	0.70–0.96
	14

	Pristine
	Temperate
	
	Bog
	Ombrotrophic
	Overall
	Moss
	0.72
	0.41–1.04
	12

	Pristine
	Temperate
	
	Bog
	Minerotrophic
	Overall
	/
	1.36
	0.71–2.02
	3

	Pristine
	Temperate
	
	Marsh
	Minerotrophic
	Overall
	Cyperaceae
	0.87
	0.75–0.99
	9

	Pristine
	Temperate
	
	Marsh
	Minerotrophic
	Overall
	Shrub
	0.97
	0.89–1.04
	5

	Pristine
	Temperate
	
	Marsh
	Minerotrophic
	Hummock
	Cyperaceae
	0.90
	0.84–0.97
	18

	Pristine
	Temperate
	
	Marsh
	Minerotrophic
	Hollow
	Cyperaceae
	0.90
	0.84–0.97
	18

	Pristine
	Temperate
	
	Marsh
	Minerotrophic
	Overall
	Graminoid
	0.78
	0.59–0.97
	9

	Drained
	Temperate
	Forestry
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	0.97
	0.42–1.52
	5

	Drained
	Temperate
	Forestry
	Fen
	Minerotrophic
	Overall
	Moss
	0.41
	–1.06–1.88
	14

	Drained
	Temperate
	Forestry
	Fen
	Ombrotrophic
	Overall
	Graminoid
	3.41
	–1.98–8.79
	18

	Drained
	Temperate
	Forestry
	Fen
	Ombrotrophic
	Overall
	Moss
	3.41
	–1.98–8.79
	18

	Drained
	Temperate
	Forestry
	Bog
	Ombrotrophic
	Overall
	Moss
	0.41
	–1.06–1.88
	14

	Drained
	Temperate
	Climate drying
	Bog
	Ombrotrophic
	Overall
	Moss
	0.41
	–1.06–1.88
	14

	Drained
	Temperate
	Forestry
	Bog
	Minerotrophic
	Overall
	/
	0.89
	–2.70–4.48
	5

	Drained
	Temperate
	Forestry
	Marsh
	Minerotrophic
	Overall
	Cyperaceae
	1.01
	–0.03–2.05
	2

	Drained
	Temperate
	Forestry
	Marsh
	Minerotrophic
	Hummock
	Cyperaceae
	1.04
	0.43–1.65
	2

	Drained
	Temperate
	Forestry
	Marsh
	Minerotrophic
	Hollow
	Cyperaceae
	1.96
	1.61–2.31
	2

	Drained
	Temperate
	Forestry
	Marsh
	Minerotrophic
	Overall
	Shrub
	1.34
	0.83–1.84
	6

	Drained
	Temperate
	Grassland
	Marsh
	Minerotrophic
	Overall
	Graminoid
	0.97
	0.09–1.86
	18

	Drained
	Temperate
	Grassland
	Marsh
	Minerotrophic
	Overall
	Cyperaceae
	0.99
	–0.01–1.99
	16

	Pristine
	(sub)Tropical
	
	Swamp
	Ombrotrophic
	Overall
	Forest
	0.71
	0.39–1.03
	4

	Drained
	(sub)Tropical
	Forestry
	Swamp
	Ombrotrophic
	Overall
	Forest
	0.36
	–0.23–0.96
	1


Note that we simultaneously considered the factors peatland status, climate zone, post water table (WT) decline land use, peatland type, nutrient type, micro-topography and plant function type for gap-filling the growing season or wet season measured fluxes.
“/” indicate not available.

Extended Data Table 7| Summary of the mean ratios and 95% confidence intervals for growing season/wet season on-site net ecosystem nitrous oxide (N2O) fluxes to annual fluxes for pristine and drained peatlands in different climate zones.
	Peatland status
	Climate zone
	Post WT decline land use
	Peatland
type
	Nutrient type
	Micro-topography
	Plant functional type
	Mean ratio
	95% CI
	Sample
size

	Pristine
	Boreal
	
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	0.73
	0.60–0.87
	2

	Pristine
	Boreal
	
	Fen
	Ombrotrophic
	Overall
	Moss
	0.35
	0.01–0.69
	5

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Overall
	Moss
	0.43
	–0.10–0.96
	3

	Pristine
	Boreal
	
	Bog
	Ombrotrophic
	Hummock
	Moss
	0.35
	0.01–0.69
	5

	Pristine
	Boreal
	
	Swamp
	Minerotrophic
	Overall
	Shrub
	0.55
	0.22–0.88
	5

	Drained
	Boreal
	Forestry
	Fen
	Minerotrophic
	Overall
	Cyperaceae
	0.48
	0.38–0.58
	2

	Drained
	Boreal
	Forestry
	Fen
	Ombrotrophic
	Overall
	Moss
	0.48
	0.38–0.58
	2

	Drained
	Boreal
	Forestry
	Bog
	Ombrotrophic
	Overall
	Moss
	0.68
	0.59–0.77
	13

	Drained
	Boreal
	Peat extraction
	Bog
	Ombrotrophic
	Overall
	Moss
	0.50
	0.50–0.50
	1

	Drained
	Boreal
	Forestry
	Swamp
	Minerotrophic
	Overall
	Shrub
	0.63
	0.56–0.71
	13

	Pristine
	Temperate
	
	Fen
	Minerotrophic
	Overall
	/
	0.73
	0.60–0.87
	2

	Pristine
	Temperate
	
	Bog
	Minerotrophic
	Overall
	/
	0.77
	–1.47–3.01
	13

	Pristine
	Temperate
	
	Bog
	Ombrotrophic
	Overall
	Moss
	0.70
	0.44–0.96
	6

	Pristine
	Temperate
	
	Marsh
	Minerotrophic
	Overall
	Cyperaceae
	1.43
	–1.21–4.07
	10

	Pristine
	Temperate
	
	Marsh
	Minerotrophic
	Overall
	Graminoid
	1.43
	–1.21–4.07
	10

	Pristine
	Temperate
	
	Swamp
	/
	Overall
	Forest
	0.47
	–0.30–1.24
	2

	Drained
	Temperate
	
	Fen
	Minerotrophic
	Overall
	/
	0.45
	0.37–0.54
	4

	Drained
	Temperate
	Climate drying
	Fen
	Minerotrophic
	Overall
	/
	0.45
	0.37–0.54
	4

	Drained
	Temperate
	Cropland
	Bog
	Minerotrophic
	Overall
	/
	0.58
	0.43–0.74
	31

	Drained
	Temperate
	Cropland
	Bog
	Ombrotrophic
	Overall
	Moss
	0.74
	0.27–1.22
	2

	Drained
	Temperate
	Cropland
	Swamp
	/
	Overall
	Forest
	0.99
	0.99–0.99
	1

	Drained
	Temperate
	Forestry
	Marsh
	Minerotrophic
	Overall
	Cyperaceae
	0.65
	0.57–0.73
	12

	Drained
	Temperate
	Grassland
	Marsh
	Minerotrophic
	Overall
	Graminoid
	0.41
	–0.12–0.93
	8

	Pristine
	(sub)Tropical
	
	Swamp
	/
	Overall
	Forest
	0.41
	0.11–0.71
	2

	Drained
	(sub)Tropical
	Cropland
	Swamp
	/
	Overall
	Forest
	0.56
	0.56–0.56
	1

	Drained
	(sub)Tropical
	Grassland
	Swamp
	/
	Overall
	Forest
	0.56
	0.56–0.56
	1


Note that we simultaneously considered the factors peatland status, climate zone, post water table (WT) decline land use, peatland type, nutrient type, micro-topography and plant function type for gap-filling the growing season or wet season measured fluxes.
“/” indicate not available.

Extended Data Table 8| Net changes in annual net ecosystem CO2 balance [NECB]), CH4 and N2O balance (i.e., △NECB, △NECH4B and △NEN2OB) following water table (WT) decline. Data are categorized by climate zone, post-WT decline land use and years since the initial WT decline. The mean values ± 95% confidence intervals (CIs) are given.
	Climate zone
	Post WT decline land use
	Years since initial WT decline (yrs)
	△NECB
	△NECH4B
	NEN2OB

	
	
	
	(kg CO2-eq. ha–1 yr–1)

	Overall
	Overall
	Before WT decline, control
	–1168 ± 1003
	7061 ± 838
	210 ± 51   

	
	
	≤ 1
	9823 ± 2154   
	–2259 ± 2050
	253 ± 186   

	
	
	1–10
	12495 ± 2643   
	–1730 ± 1155
	1044 ± 931   

	
	
	10–30
	16558 ± 4095   
	–1605 ± 796
	801 ± 657   

	
	
	30–50
	5456 ± 1503   
	–11202 ± 4009
	256 ± 180   

	
	
	>50
	10063 ± 1733   
	–4641 ± 3489
	1965 ± 1599   

	Boreal
	Agriculture
	Before WT decline, control
	–3870 ± 1260
	20126 ± 10973
	–6 ± 100 

	
	
	≤1
	NA
	NA
	NA

	
	
	1–10
	NA
	NA
	NA

	
	
	10–30
	NA
	NA
	NA

	
	
	30–50
	7521 ± 4423
	NA
	NA

	
	
	>50
	NA
	–19452 ± 21033 
	4658 ± 1501

	
	Forestry
	Before WT decline, control
	–1457 ± 959
	4636 ± 798
	182 ± 105

	
	
	≤1
	–1133 ± 2557
	–4453 ± 907
	122 ± 195

	
	
	1–10
	NA
	–3328 ± 3748
	NA

	
	
	10–30
	991 ± 18232
	–3360 ± 1965
	556 ± 436

	
	
	30–50
	–2198 ± 4362
	–3963 ± 2040
	254 ± 196

	
	
	>50
	NA
	–4336 ± 5793
	307 ± 30

	
	Peat extraction
	Before WT decline, control
	261 ± 2272
	3620 ± 844
	14 ± 18

	
	
	≤1
	13855 ± 1379
	NA
	NA

	
	
	1–10
	NA
	–2055 ± 1700
	410 ± 652

	
	
	10–30
	NA
	NA
	NA

	
	
	30–50
	12987 ± 8848
	NA
	NA

	
	
	>50
	NA
	–2932 ± 2453
	NA

	
	Climate drying
	Before WT decline, control
	–636 ± 642
	3346 ± 1132
	27 ± 9.6

	
	
	≤1
	5275 ± 2855
	–2827 ± 3948
	48 ± 70

	
	
	1–10
	3879 ± 2402
	–65 ± 322
	NA

	
	
	10–30
	6952 ± 2946
	–422 ± 301
	NA

	
	
	30–50
	NA
	NA
	NA

	
	
	>50
	NA
	NA
	NA

	Temperate
	Agriculture
	Before WT decline, control 
	–3717 ± 1480
	16064 ± 3703
	240 ± 59

	
	
	≤1
	NA
	494 ± 457
	541 ± 361

	
	
	1–10
	NA
	804± 256
	602 ± 190

	
	
	10–30
	NA
	–5681 ± 10704
	NA

	
	
	30–50
	NA
	–29831 ± 9895
	NA

	
	
	>50
	13850 ± 1501
	–3898 ± 1413
	1847 ± 2635

	
	Forestry
	Before WT decline, control
	–2194 ± 823
	4533 ± 1262
	132 ± 53

	
	
	≤1
	NA
	414 ± 261
	–10 ± 29

	
	
	1–10
	2670 ± 468
	–40 ± 450
	315 ± 271

	
	
	10–30
	2190 ± 609
	–1864 ± 1117
	519 ± 94

	
	
	30–50
	1276 ± 2379
	–10030 ± 6726
	181 ± 85

	
	
	>50
	1579 ± 1175
	162 ± 443
	31 ± 33

	
	Peat extraction
	Before WT decline, control
	261 ± 2272
	3853 ± 1188
	14 ± 25

	
	
	≤1
	16583 ± 1463
	–1110 ± 269
	30 ± 10 (2)

	
	
	1–10
	NA
	NA
	NA

	
	
	10–30
	NA
	NA
	NA

	
	
	30–50
	15715 ± 8861
	–2265 ± 1483
	NA

	
	
	>50
	NA
	–1687 ± 1160
	NA

	
	Climate drying
	Before WT decline, control
	–623 ± 834
	11564 ± 2596
	27 ± 10

	
	
	≤1
	2069 ± 215
	–1400 ± 7158
	57 ± 71

	
	
	1–10
	8733 ± 5176
	–10287 ± 5308
	NA

	
	
	10–30
	NA
	NA
	NA

	
	
	30–50
	NA
	NA
	NA

	
	
	>50
	5364 ± 1456
	–2907 ± 5811 
	NA

	Tropical
	Agriculture
	Before WT decline, control
	–15376 ± 13251  
	3659 ± 1073
	800 ± 377

	
	
	≤1
	NA
	–5739 ± 7741
	NA

	
	
	1–10
	NA
	1 ± 904
	781 ± 964

	
	
	10–30
	56745 ± 11128
	–2145 ± 3648
	324 ± 152

	
	
	30–50
	NA
	NA
	NA

	
	
	>50
	NA
	NA
	NA

	
	Forestry
	Before WT decline, control
	7361 ± 2302
	3537 ± 1116
	325 ± 202

	
	
	≤1
	NA
	–11824 ± 10556
	NA

	
	
	1–10
	11053 ± 2956
	NA
	NA

	
	
	10–30
	11865 ± 6782
	166 ± 1712
	2005 ± 3401

	
	
	30–50
	NA
	NA
	NA

	
	
	>50
	NA
	NA
	NA


[bookmark: _Hlk100519509][bookmark: _Hlk108614592]NA indicates no observation; therefore, they were gap-filled using observations for other WT decline duration classes for a given climate and post-WT decline land use. The WT decline effects on net changes in on-site NEE, CH4 and N2O fluxes (i.e., △NEE, △CH4 and △N2O) for (sub)tropical peat extraction and climate drying are gap-filled using all measurements from (sub)tropical climate. For details on gap-filling, see Methods. To increase sample sizes for agriculture land-use, measurements with and without fertilization are combined. The number in parenthesis indicate samples sizes for a given category.
△NECB: changes in net ecosystem carbon balance. Calculated as △NEE + peat extraction + manure input + biomass harvest + (DOC + DIC) export + ditch-CO2 emissions (see Extended Data Table 8).
△NECH4B: changes in net ecosystem CH4 balance. Calculated as △CH4 + ditch-CH4 emissions (see Extended Data Table 8).
△NEN2OB: changes in net ecosystem N2O balance. Calculated as △N2O + ditch-N2O emissions (see Extended Data Table 8).
△NEGHGB: changes in net ecosystem greenhouse gas balance, i.e., △NECB + △CH4B + △N2OB (all fluxes in CO2-eq.) (see Extended Data Table 9).
Note that negative values of △NECB indicate an increased net ecosystem uptake of CO2, while for all other categories, negative values refer to decreases in the relevant flux (CH4 and N2O emissions). CH4 and N2O fluxes are converted to CO2-eq. using respective global warming potentials of 34 (CH4) and 298 (N2O)8.

Extended Data Table 9| Drainage effect on net annual greenhouse gas emissions from peatland classified by climate zone and land use.
	Climate zone
	Land use
	Drained peat area 
	△NECB
	△NECH4B
	△NEN2OB
	△NEGHGB

	
	
	(×103 km2)
	(kg CO2-eq. ha–1 yr–1)

	Boreal
	Agriculture
	67.54 ± 26.46
	7521 ± 4423
	–19452 ± 21033
	4658 ± 1501
	7274 ± 21546

	
	Forest
	57.88 ± 3.13
	–1600 ± 3456
	–3794 ± 1274
	330 ± 173
	–5064 ± 3687

	
	Peat extraction
	3.34 ± 0.01
	12374 ± 3525
	–2501 ± 509
	410 ± 652
	10284 ± 3621

	Temperate
	Agriculture
	115.22 ± 52.22
	12261 ± 1917
	–11623 ± 5242
	1107 ± 619
	1745 ± 5616

	
	Forest
	53.08 ± 10.08
	4600 ± 2562
	–2030 ± 1297
	432 ± 202
	3002 ± 2879

	
	Peat extraction
	4.44 ± 2.18
	15102 ± 3559
	–3019 ± 2253
	30 ± 10
	12113 ± 4212

	Tropical
	Agriculture
	114.75 ± 17.86
	50459 ± 11390
	172 ± 1582
	2032 ± 2362
	52663 ± 11739

	
	Forest
	90.68 ± 18.33
	11256 ± 2559
	–537 ± 2344
	1397 ± 2283
	12116 ± 4154

	
	Peat extraction
	0.24 ± 0.16
	45714 ± 9444a
	–397 ± 1527a
	1739 ± 1593a
	47055 ± 9699a


Given data indicate mean with 95% confidence interval. NECB, net ecosystem CO2 balance. NECH4B, net ecosystem CH4 balance. NEN2OB, net ecosystem N2O balance. NEGHGB, net ecosystem greenhouse gas balance. Net changes of annual NECB, CH4, N2O and NEGHGB (i.e., △NECB, △NECH4B, △NEN2OB, △NEGHGB) by drainage (categorized by climate zone and land-use) are estimated using the data in Extended Data Table 3 and Fig. S9. Note that off-site fluxes in Extended Dat Table 2 are categorized by only climate zone, as lacking enough measurements for further classifying by land-use.
Drained peatland area is cited from refs. Günther et al. (2020)1 and Leifeld and Menichetti. (2018)2. CH4 and N2O fluxes are converted to CO2-eq. using respective global warming potentials of 34 (CH4) and 298 (N2O)8.
a indicates gap-filled data using all observations in (sub)tropical climate zones.
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Extended Data Table 10| Drainage effect on total net annual greenhouse gas emissions from peatland classified by climate zone and land use.
	Climate zone
	Land use
	△NECB
	△NECH4B
	△NEN2OB
	△NEGHGB

	
	
	(Pg CO2-eq. yr–1)

	Boreal
	Agriculture
	0.051 ± 0.036
	–0.131 ± 0.151
	0.031 ± 0.016
	0.049 ± 0.156

	
	Forest
	–0.009 ± 0.020
	–0.022 ± 0.007
	0.002 ± 0.001
	–0.029 ± 0.021

	
	Peat extraction
	0.004 ± 0.001
	–0.001 ± 0.000
	0.000 ± 0.000
	0.003 ± 0.001

	Temperate
	Agriculture
	0.141 ± 0.068
	–0.086 ± 0.013
	0.009 ± 0.020
	0.020 ± 0.110

	
	Forest
	0.024 ± 0.014
	–0.011 ± 0.007
	0.002 ± 0.001
	0.016 ± 0.016

	
	Peat extraction
	0.007 ± 0.004
	–0.001 ± 0.001
	0.000 ± 0.000
	0.005 ± 0.004

	Tropical
	Agriculture
	0.579 ± 0.159
	0.002 ± 0.018
	0.023 ± 0.027
	0.604 ± 0.162

	
	Forest
	0.102 ± 0.031
	–0.005 ± 0.021
	0.013 ± 0.021
	0.110 ± 0.043

	
	Peat extraction
	0.001 ± 0.001
	–0.000 ± 0.000
	0.000 ± 0.000
	0.001 ± 0.001

	All climates
	Agriculture
	0.900 ± 0.181
	–0.303 ± 0.176
	0.085 ± 0.039
	0.682 ± 0.255


Given data indicate mean with 95% confidence interval. NECB, net ecosystem CO2 balance. NECH4B, net ecosystem CH4 balance. NEN2OB, net ecosystem N2O balance. NEGHGB, net ecosystem greenhouse gas balance. Net changes of annual NECB, CH4, N2O and NEGHGB (i.e., △NECB, △NECH4B, △NEN2OB, △NEGHGB) by drainage (categorized by climate zone and land-use) are estimated using the data in Extended Data Table 3 and Fig. S9.
[bookmark: _Hlk100593479]CH4 and N2O fluxes are converted to CO2-eq. using respective global warming potentials of 34 (CH4) and 298 (N2O)8.

Extended Data Table 11| Summary of global net annual greenhouse gas emissions from pristine peatland due to drainage activities.
	Study
	On-site GHGs
	Off-site GHGs
	Peat
fire
	Drained peat
area (×103 km2)
	Period
	Method
	Driver
	Flux 
(Pg CO2-eq. yr–1)

	Leifeld and
Menichetti1
	CO2, CH4, N2O
	DOC
	No
	506.00
	
	IPCC EFs
	Agriculture
Grassland
Forestry
	1.91 (0.31–3.38)

	[bookmark: _Hlk88568868]Leifeld et al.2
	CO2, CH4, N2O
	DOC
	No
	490.00
	2015
	IPCC EFs
	Agriculture
Grassland
Forestry
	1.53 (0.73–2.33)


	Carlson et al.3
	CO2, N2O
	No
	No
	136.00
	2000
	IPCC EFs
	Agriculture
	0.69 (0.54–0.72)

	Tubiello et al.4
	CO2, N2O
	No
	No
	250.00
	
	IPCC EFs
	Agriculture
	1.00

	Evans et al.5 
	CO2, CH4
	Biomass harvest
	No
	290.00
	
	IPCC EFs and empirical models
	Agriculture
Grassland
	0.79 (0.50–1.13)

	Joosten6
	CO2, CH4
	No
	No
	447.60
	1990
	IPCC EFs
	Agriculture
Forestry
Peat extraction
	0.85

	Joosten6
	CO2, CH4
	No
	No
	463.50
	2008
	IPCC EFs
	Agriculture
Forestry
Peat extraction
	0.39

	Huang et al.7
	CO2, CH4
	No
	No
	
	2100
	Meta-analysis
	Climate drying under RCP8.5
	0.86 (0.36–1.36)

	Huang et al.7
	CO2, CH4
	No
	No
	
	2100
	Meta-analysis
	Climate drying under RCP2.6
	0.73 (0.20–1.20)

	This study
	CO2, CH4, N2O
	DOC, DIC, Ditch CO2, CH4, N2O, Manure C, Biomass harvest, Extracted peat C 
	No
	507.15
	
	Meta-analysis
	Agriculture (cropland+grassland)
Forestry
Peat extraction
	0.68 (0.43–0.94)


Given flux data indicate mean with 95% confidence interval.

Extended Data Table 12| Number of studies reporting either chamber method or eddy covariance (EC) technique for measuring the on-site fluxes of GHGs. Only paired studies that focused on WT decline effects were considered.
	Flux
	Pristine peatland
	Drained peatland

	
	Chamber method
	EC technique
	Chamber method
	EC technique

	NEE
	109
	33
	109
	33

	GPP
	73
	25
	73
	25

	Re
	73
	25
	73
	25

	CH4
	293
	13
	293
	13

	N2O
	134
	0
	134
	0


NEE: net ecosystem exchange of CO2, GPP: gross primary productivity, Re: ecosystem respiration, CH4: methane, N2O: nitrous oxide.


Extended Data Fig. 1
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[bookmark: _Hlk132662810][bookmark: _Hlk132663177][bookmark: _Hlk86821404]Extended Data Fig. 1| Net changes in overall greenhouse gas (GHG) fluxes and key environmental factors following water table (WT) decline for soil core measurements. The net changes of gross primary productivity (GPP), ecosystem respiration (Re), net ecosystem exchange of CO2 (NEE), methane (CH4), nitrous oxide (N2O) fluxes, water table (WT) and soil redox potential (Eh) due to WT decline (i.e., experimental minus pristine, △GPP, △Re, △NEE, △CH4 and △N2O, △WT and△Eh) are presented. The numbers in the brackets indicate the number of available site measurements. The asterisks *, **, *** indicate significance at the levels of p < 0.05, 0.01 and 0.001, respectively, and n.s. indicates no significance. Note that negative values for △NEE and △GPP indicate an increased net ecosystem uptake of CO2, while for all other categories, negative values refer to decreases in the relevant flux (Re or CH4 and N2O emissions). 
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[bookmark: _Hlk132663293]Extended Data Fig. 2| Net changes in on-site greenhouse gas (GHG) fluxes following water table (WT) decline under different conditions. The net changes of annual gross primary productivity (GPP), ecosystem respiration (Re), net ecosystem exchange of CO2 (NEE), methane (CH4), and nitrous oxide (N2O) fluxes due to WT decline (i.e., experimental minus pristine, △GPP, △Re, △NEE, △CH4 and △N2O) are presented. The number in parentheses indicate sample size. The asterisk *, **, *** indicate significance at the level of p < 0.05, 0.01 and 0.001, respectively. Note that negative values for △NEE and △GPP indicate increased net ecosystem uptake of CO2, while for all other categories it refers to a decrease of the relevant flux (here Re or CH4 and N2O emissions). 
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Extended Data Fig. 3
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Extended Data Fig. 3| Net changes in on-site greenhouse gas (GHG) fluxes following water table (WT) decline under different conditions. The net changes of annual gross primary productivity (GPP), ecosystem respiration (Re), net ecosystem exchange of CO2 (NEE), methane (CH4), and nitrous oxide (N2O) fluxes due to WT decline (i.e., experimental minus pristine, △GPP, △Re, △NEE, △CH4 and △N2O) are presented. The number in parentheses indicate sample size. The asterisk *, **, *** indicate significance at the level of p < 0.05, 0.01 and 0.001, respectively. Note that negative values for △NEE and △GPP indicate increased net ecosystem uptake of CO2, while for all other categories it refers to a decrease of the relevant flux (here Re or CH4 and N2O emissions).

Extended Data Fig. 4
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Extended Data Fig. 4| Net changes in water table depth (WTD) due to drainage. Agriculture land-use including cropland and grassland. Agriculture-N indicates those received nitrogen fertilization. The numbers in the brackets indicate the number of available site measurements. The asterisks *, **, *** indicate significance at the levels of p < 0.05, 0.01 and 0.001, respectively, and n.s. indicates no significance. Note that negative values for △WTD indicate decreases in the water table. 

Extended Data Fig. 5
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Extended Data Fig. 5| Controls of annual mean water table (WT) on on-site annual net ecosystem exchange in CO2 (NEE) (a), CH4 (b) and N2O (c) fluxes across the pristine and drained peatlands. Given shaded areas indicate the 95% confidence intervals.

Extended Data Fig. 6
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Extended Data Fig. 6| Controls of net changes in annual mean water table (△WT) on net changes in on-site annual net ecosystem exchange of CO2 (△NEE) (A), CH4 (△CH4, B) and N2O (△N2O, C) fluxes due to WT decline. Given shaded areas indicate the 95% confidence intervals. 

Extended Data Fig. 7
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Extended Data Fig. 7| Box scatterplot of drainage ditch area fraction (%) (a) and peat extraction area fraction (%) (b) in the drained peatlands. a-b information is used for estimating the area-weighted (weighted by on- and off-site) annual net greenhouse gas fluxes by drainage activities. Note that these fraction observations are categorized by only climate zone, as lacking enough measurements for further classifying by land-use.


Extended Data Fig. 8
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Extended Data Fig. 8| Box scatterplot soil (0–40 cm) organic carbon content (g kg–1) (a) and bulk density (g cm–3) (b) in the pristine peatlands in different climate zones. a-b information is used for estimating the soil organic carbon loss through peat extraction.
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Extended Data Fig. 9
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[bookmark: _Hlk103583987][bookmark: _Hlk71725738]Extended Data Fig. 9| Net changes in on-site annual greenhouse gas (GHG) fluxes due to drainage for each climate and land use category. The net changes of annual net ecosystem exchange of CO2 (△NEE), methane (△CH4), and nitrous oxide (△N2O) fluxes due to WT decline by drainage (i.e., drainage minus pristine,△NEE, △CH4 and △N2O) are presented. To increase sample sizes for agriculture land-use, measurements with and without fertilization are combined. The number indicate sample size. The asterisk *, **, *** indicate significance at the level of p < 0.05, 0.01 and 0.001, respectively, and n.s. indicates no significance. Note that negative values for △NEE indicate increased net ecosystem uptake of CO2, while for all other categories it refers to a decrease of the relevant flux (here CH4 and N2O emissions). CH4 and N2O fluxes are converted to CO2-eq. using respective global warming potentials of 34 (CH4) and 298 (N2O)8.

Extended Data Fig. 10
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[bookmark: _Hlk101727969]Extended Data Fig. 10| Number of observations reporting net changes of annual CO2 (as net ecosystem exchange [NEE]), CH4 and N2O fluxes due to WT decline (△= WT decline – undisturbed [control]. a, △NEE; b, △CH4; c, △N2O. 
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