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Characteristics of dissolved organic carbon variation and evaluation of influencing

factors in arctic rivers

ZHI Yin',YANG Yaning' , WANG Shijie' ,ZHENG Lei',LIU Zhongli*, LU Xing', YAN Mingquan®,XIAO Feng' "

1 School of Water Resources and Hydropower Engineering, North China Electric Power University, Betjing 102206, China
2 College of Environmental Sciences and Engineering, Peking University, Beijing, 100871, China

Abstract: Dissolved organic carbon ( DOC) export from arctic rivers is a critical component of the Arctic carbon cycle.
Investigating the influence of environmental factors on DOC concentration dynamics is crucial for understanding the
implications of climate warming. However, permafrost is often overlooked in quantitative analyses of DOC concentration
variations. Therefore, it is critical to investigate the relationship between permafrost and DOC in the Arctic. Permafrost
degradation alters the hydrological pathways of Arctic rivers and releases large amounts of stored organic carbon, which
significantly impacts the terrestrial-aquatic carbon flux and global biogeochemical cycles. Understanding the seasonal
dynamics of permafrost thaw depth and its impact on DOC export is essential for improving biogeochemical models and
predicting carbon flux changes under future climate warming scenarios. The study focuses on the six major arctic river basins
within permafrost regions, calculating riverine DOC concentrations and permafrost thaw depths from 2003 to 2020. The
DOC,;y method was employed in conjunction with remote sensing data to calculate DOC concentrations at river mouths from
2003 to 2020. Permafrost thaw depth data were estimated using the Stefan solution within the basins. A generalized additive

model (GAM) was used to evaluate the contributions of permafrost thaw depth to estuary DOC concentrations and to further
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analyze how permafrost soil characteristics influence the DOC migration process. The results showed that; (1) From 2003 to
2020, the DOC concentration in the Arctic region, transported by rivers from land to the ocean, increased from 76.7 pmol/
L to 101.3 pmol/L, showing a significant upward trend. (2) The influence of permafrost thaw depth on DOC concentration
remained gradual during the initial thaw period, followed by a marked increase during the rapid thaw period, with
contribution rates ranging from 22.2% to 77.1%. In the complete thaw phase, the impact slightly decreased. (3) Using K-
means clustering, arctic river basin soils were classified into four groups. Soils with high drainage capacity resulted in a
rapid response of river mouth DOC to thaw depth, while soils with low drainage capacity facilitated the conversion of soil
organic carbon to DOC. Soils with strong DOC adsorption capacity reduced DOC output in the later stages of thaw, while
soils with weak adsorption capacity promoted a continuous increase in river mouth DOC concentration. This study highlights
the significant role of permafrost thaw depth and soil properties in regulating DOC dynamics in arctic river basins. The
results also suggest that soil characteristics, such as drainage capacity and DOC adsorption ability, play a crucial role in

controlling DOC export and its seasonal variations in the Arctic region.

Key Words: dissolved organic carbon; permafrost active layer thaw depth; generalized additive model; permafrost

soil characteristic

AR b DX R A BRI AE P 04 T B 20 J 04, el b R T b DX LR P i AR PRl R A S R Gl R 2 ¢
FEEMEA . KRR S 28I & L6577 T K& 89 HLEK ( Organic Carbon, OC) " (£ 1300
Pg)  XF ARk A1 AT AN 22 0 A P BRI A O R LA F R, Feng 4510 S BRI AL AR 07 9 1 A 7 3%
B, R 53 A0 235 ) M K AT oK TR OC R JE AR, OC 32 %2 LA AT %5 1 43 ML ( Dissolved Organic
Carbon, DOC) F1ik: 1445 HLHk ( Particulate Organic Carbon, POC) FIER a3l LR . 7E4d 22 JLH4FE T, bk
RO H X 32 3] @Bk P AR BE i g7 240k H AR Ak B 1R 16 s 2 IR BN, R + 43 (8] 40 A A2 A0 %
AR o AR W AW i T3 4 3 Sl AR, i S B A ) DR A BILBR BRI, SR 7K AR AR 25 R G 4R AL T i
U, IEXF IR Bl — KRS8 RG RGP A R 2052 m R A S ZERFE I DOC 1) 28 Ak
TE RS R R | LAtk — 045 7 0 AR DA R 1% D H e A

LA, — e 2B JT i T DOC W 5 PR BT PR 3R Z 0] 5 R T 5T, AnAing | W 7K S 334 BILBK ( Soil Organic
Carbon, SOC) & &%, Raymond AR SRR IE IR | B R R AR R A ML R K
o, IR DOC YRR ; B W9 23 7= 2R M AR L, T4y Rt A AL AT R 4, Fabre %1744 DOC ¥
J ST A\ SOC Bt K R DA RS P B SR AT T OCER AT, Amon S5 IRy FEA TR VR IV, T
Uit DOC F4k A +HERYRJZ A HLZ M Z K i 0 b R A T . A, 350235 i AR Wy ek 1k 2
PR DOC M itk AJL VKPR B M LR A2 ) FEZ AR R X, 5K DL KUK P B £E 11 DOC
HATBR BRSO  Wickland 5520 i Ak 1 BRL0TinAb 36 497 i 248 7k + + 50K i DOC & i, A
VR - AE AR IS TTRE AU JA [RGB R/ A FRBE DOC 1 BRI 22— Prokushkin 5512 (B 57 32 W, 44y
PESs B R L Al B b DOC IR S i RAIE . 16 201)2 0 220 PR R RLE BF 23 2l 22 + 3819 DOC i 1
RE IR s Ae . TR P A A0 24 R L ST e B, TR DOC ¥ B8 A 1 38 0 e VR - VR Bl AT
PRI 3252 AR RN E A 5200 . McFarlane %5138 1 5% £ 25 R B8 0000 8 B b 32 7K A B 3 R 7K v DOC
)5 B, AR I B 2 2 P Rl A R BE 0BG i 23 S BOKAR h DOC YR EEXS I, K110, B AT IR S e A
R - aBE X DOC FEMGE BCAYTETESZ M | T E X 3 J2 2= 35 MRl g R P2 5 AU Tiat DOC i th 22 18] 5C R B BIFAE
BN R o PRIt RO R 176 20 23 215 P Rl e X AR B 0 28 174 552 i B i) B A o 0 S A 6L T R il
i AR AR DOC S0 (R TATR , A Ak b DR 20 | 43RS As A8 A IR =K i

L b ARSON AR IR 1 2T PERLAR X DOC He B B R2 M, SR )™ SCHINAS AU 52 1 o - il e 72+ DOC
WEE AR RIS AU R Y SRR X i DOC i th VR . WF9E BARELAE - (1) 23 bl

http ; //www.ecologica.cn



12 4] PR A5 AUARIAT UL Al ¥ R A LA AL AR A B 5 e DY 294 3

Ui DOC i i A IE 2 AR 5 (2) #7s VR 3 SR R U BE X DOC W BEBIRZ R SC 2 5 (3) WA R 1 1) L S
PEXT DOC % Hh B2 0E

1 #RERHE

1.1 BT XA

A B A A VKA 7S TR R 5 X, B4 - A T BRI KRl B B 543 (Ob” River, OR) ()@
FEI (Yenisey River, YER) #% ( Lena River, LR) B 57 ( Kolyma River, KR) , DA Kb B & =5
( Yukon River, YUR) FiZ 5 551 ( Mackenzie River, MR) ([ 1), iX 6 Z&{/ i e AL VKV 63% MHEK s, 29
AT T EK R Y 499% 7Y J& DOC fE LK g i i EE AR, 7F 2R LIRS R I =T,
AL A MRS L L TR 2 A8 B0, JU A M DX A B AIG B 1E 7 52 B BRBE AR AL A TR Z0 R Wi, R Ui g PR AR A R G
S ERECT- i B B X,

104.5
@ - slope = 0.49
g ~
<4
g 8§73 950
.2 g
25%
P g
&z 855
#g 5
%25
Wt/m A5 70
5658
“o 0 500 km 2004 2007 2010 2013 2016 2019
= 4FAy Year

B 1 JeRANKmistR i E R A e DOC iREEZX
Fig.1 Geographic map of the six arctic basins and DOC concentration variation in the estuarine
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Fig.2 DOC concentration variation among six largest arctic basins during 2003—2020
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Fig.3 Permafrost active layer thaw depth variation among six largest arctic basins during 2003—2020
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Table 2 GAM model results of DOC concentration in the six arctic rivers
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River Effective degrees of freedom Determination coefficient
SREET OR 5.64 <0.001 *** 0.77
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H2h YUR 6.37 <0.001 *** 0.53
5 MR 4.58 <0.001 *** 0.69
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