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Ĭ 105 ̃̆2011ᵞ̂1.7 Ĭ 105 ̃̕ ̂291 g/m2̃̆ ᵞ̂66 g/m2̃Ȃ a

῏ ̆ ̂86.0%̃̆ ᾣ ȁ №≢ҹ13.2%ȁ4.6%

39.3%Ȃ ֽ ῀ a ᵬҹ ѿ ᴆҊ̆≠ ARIMA ץ ᵀ ̂r2 = 0.76̃Ȃ

ҹ Ῑ ᵀ ᶫԅ ҍ Ȃ 

῏ ̔ Ῑ̕ ̕ ̕ ̕  

 

Spatial-temporal Patterns of Algae-derived Carbon Sink in Lake Taihu from 2011 to 

2020 and Estimation Model Development* 

 

ZHU Peng1, LI Zixuan1, QIN Boqiang2,& SHI Wenqing1** 

(1: School of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 

210044, P.R.China) 

(2: Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, P.R.China) 

 

Abstract: Natural ecological carbon sinks are a critical pathway for mitigating climate change. Eutrophic lakes, characterized 

by high primary productivity, possess significant carbon sequestration potential. This study quantified the algae-derived carbon 

sink in eutrophic Lake Taihu from 2011 to 2020 using the Vertically Generalized Production Model (VGPM). The key 

influencing factors were identified with a Generalized Additive Model (GAM), and an Autoregressive Integrated Moving 

Average (ARIMA) model was developed for estimation. The results show that the cumulative algae-derived carbon sink 

reached 3.8Ĭ106t over the decade, with substantial spatiotemporal heterogeneity. The annual sink peaked in 2019 (7.2Ĭ105t) 

and was lowest in 2011 (1.7Ĭ105t). Spatially, Zhushan Bay had the highest carbon sink (291 g/mĮ), while Xuhu Bay had the 

lowest (66 g/mĮ). Chlorophyll a concentration was identified as the primary driver, explaining 86.0% of the variation. The 

contributions of photosynthetically active radiation, water temperature, and suspended matter concentration were 13.2%, 39.3%, 

and 4.6%, respectively. The ARIMA model, utilizing chlorophyll a concentration as a single parameter, effectively estimated 

the algal-derived carbon sink. These findings provide important theoretical and methodological support for assessing carbon 
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sinks in eutrophic lakes. 
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╠̆ Ṝ ⱴ▲̆ Ԋᴆ ̆Ҥ ᴪ ҍֲ ̆ῒҺ ԍ

ᵣ ҉ [1]Ȃҹ ѿ ̆ ҍῃ Ṝ ̆ ľ ȁ

Ҭ Ŀ Ȃ ҹ Ṝ ῏ ӊѿ[2-3]̆ῒҺ ȁ

Ҭ ԋ ̂CO2̃ ᵞ ᵣ Ȃ 

ᵬҹ ̆ ῒ ֽ 1.8%[4]̆ᵖῒ ᵣ

῏ ᵬ [5]Ȃ ̆ [6]Ȃ ̆ῃ

0.15 Pg[7]Ȃ ῀ ̆ ᾣ ᵬ ῤ Ӟ

Һ Ȃ ̆ ֽ ̆ ῒ Ҭ

Ҭ CO2 ⌠ Ҭ[8]Ȃ ̆ 18.69 Tg[9]Ȃ ⌠

̆ Ῑ ȁᾣ [10-12]Ȃ Ῑ ҹῃ Һ Ȃ

̆ῃ 63% Ҍ Ῑ ̆ Ῑ ᶛ 69.5%[13]Ȃ Ῑ

Ҭ̆ ԅ ⱬȂ ̆ ԍ ᵀ

ⱳ ΐ ӈȂ ⱬ Һ ᵝ ̂ ̃ ᵀ ̂

̂VGPM̃ Ȃ̃ ᵬ ̆ ץ ᵝ ↓№ ̆ VGPM

̆ ῀ ̂Chl-ã ȁ ̂WT̃ ȁ ̂Css̃ ᾣ

̂PAR̃ ҩ ̆ Ӟ └ԅῒ [14-15]Ȃ ̆֗ ѿ ȁ Ḃ

ᵀ Ȃ 

҈ ̆ᵝԍ ҈ ̆ ҹ 2400 Ὲ ̆ 1.9̆

ⱬẢ ҹ284Ȃ ̆ ῀ Ῑ Ҥ Ȃ

̆ᵖ ׅ [16]Ȃ ᾣ ҹ

ӊѿ[17]Ȃ ╠̆ № Ҍ ̆ғ ӎ ȁ ᵀ

Ȃ ̆ ῀ ῒᵀ ̆ ῃ ᵀ ⱳ

ΐ ӈȂ 

VGPM ᵀ ԅ ̆ ӈ ⱴ ̂GAM̃ ≢ԅ

῏ ̆ ѿ ԅֽ ѿ ꜚ ̂ARIMÃT

Ȃ ҹ Ῑ ᵀ ᶫԅ ҍ Ȃ 

1 ғ  

1.1 ғ  

ᶏ ᵣChl-a ȁWTȁCss ȁPARȁ ̂TÑ ȁ ̂TP̃

̂http://thl.cern.ac.cn/meta/metaDataȂ̃WT ᴰ ̂YSI 

6600̃ ̆PAR↕ ᴰ ̂LI-COR 192SÃ ȂCss ⱬ

T̆N TP №≢ - №ᾣᾣ - -

[18]ȂChl-a 90%Ә ̆ №ᾣᾣ № [19]Ȃ № ת ᶏ

╠ ̆ ᶏ ȁ ‰ Ḡ ‰ Ȃ ҩ ҈ № ̆

Ḡ ‰Ẓ ̂RSD̃γ ԍ5%Ȃ ⌠ ̆ ῒ⅞№ҹ ȁ ȁ ȁ

ȁқ ȁ ȁ 8ҩ [20]Ȃ ᵀ ̆

ⱴ ṿᵬҹ ᵣ ף ṿȂ ᵣChl-a ȁWT Css Ӟ ᶏ ⱴ ṿ Ȃ

ᶏ ARIMA ᵀ ̆TPȁTN WT ⱴ ṿȂ 

1.2 ᵆ  

ῒ ‗ Ȃ VGPM ᵀ [21]̆



≠ ᾝ ᵀ [22]Ȃ 

1.2.1 ᵆ  ԍ VGPM ̆ ᵀ Ҋ̔ 

ὖὖ πȢφφρςυ ὖ
Ȣ
ὤ ὅ Ὀ                ̂1̃  

Ҭ̆ὖὖ ҹ ᾣ ∆ ֟ⱬ̂mg C m-2̃̕ὖ ҹ ̂mg C mg-1 Chl h-1̃̕Ὁ

ҹ ᾣ PAR̂mol m-2̃̕ὤ ҹ ᾣ ̂m̃ ̕ὅ ҹὖ Chl-a ̆

Chl-a ף ̂mg m-3̃̕Ὀ ҹᾣ ̆ ᵝ ₮Ȃ 

ὖ ₱ ̆ Ҋ↓Ὲ [23] ̔ 
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Ҭ̆Tҹ ̂ ̃Ȃ 

ὤ ԍῈ ̂4̆ 5̃ Ҭᾣ ⁞ ᵀ [24]̔ 

ὤ τȢφπυȾὑ                               ̂4̃  

ὑ πȢψψρσπȢπωσρὅ                          ̂5̃  

Ҭ̆ὑҹᾣ ⁞ ̂m-1̃̆ ҬҍCss ῏[25]̂r2 = 0.82̆n = 67̆p < 0.0001̃̕

ὤ  < ̂1.9 m̃ ̆↕ὤ  = ṿ̕ ӊ̆↕ὤ  = ̂1.9 m̃ Ȃ 

1.2.2 ⅎ  ҍ ṿ[26-27]Ȃ

25 Ҭ ̂ ᵝ̔Kg m-2 yr-1̃̆

↕ ̂ ᵝ̔Kg m-2 yr-1̃Ȃ Ẋ Ḡ ̆ ԍ

̂0.32 cm̃[28]̆ 15-40 cm̂ > 50̃ ץ Ҭ

̆ ᵀ ԅ Ȃ 

ҍ ̆

ҍ Ȃҹԅ ᶛ̆ ױ ԅ

ԍIsoSourceᴨ ҈ ᾝ [22]Ȃ ȁ ̂ ץ̃

ᵬҹҺ ̆ ≠ IsoSourceᴆ ᵀ ҩ ᾝ ᶛ̔ 

‏ ὪϽ‏ ὪϽ‏ ὪϽ6̃̂                       ‏  

ρ Ὢ Ὢ Ὢ                            ̂7̃ 

Ҭ̆ף‏ Ҭ ŭ13C ᵝ N/Cṿ̕‏ȁ‏ȁץ≢№‏ὥȁὦȁὧ 3 ᾝ ŭ13C ᵝ №

Ҭ ṿ N/Cṿᵬҹ ᾝṿ̕ὪȁὪȁὪ№≢ף ὥȁὦȁὧ 3 ᾝ № Ȃ 

̆ ȁ ץ ῒ 90%[29]̆

ŭ13Cҹ-15.19ă̆ ŭ13Cҹ-25.32ă[30]Ȃ ȁ ץ N/Cṿ

№≢ҹ 0.061ȁ0.056ҍ 0.063[31]Ȃ ̂0.77ẵȁŭ13Ĉ -26.55ẵ N/C

ṿ̂0.189̃ ̂0.52ẵȁŭ13Ĉ -23.63ẵ N/Cṿ̂0.175̃ ṭ

ᾠ ̂2011̃[28] Ȃ ȁ ŭ13Ĉ -22ăȁ-24.5ăȁ-22.55ẵ

N/Ĉ0.077ȁ0.029ȁ0.102̃ ṿץ ŭ13Ĉ -30ẵ N/Ĉ0.154̃ṿ ̂2022̃
[32-36]ȂIsoSource ̂ ҹ1%̃̆ᶏ ‰ 0-100%ῤץ ҹ

̆ῒҬ ῤ̂Ñ 0.1ẵ ҹ Ȃ

IsoSourceᶫԅ ҩ ᾝ ṿȁ ‰ ȁ ṿȁ ṿ ̆ ᾝ ṿ

ף ᾝ ᶛ̂ 1̃ Ȃ ҉ץ ̆ ҹ 38.8%Ȃ 

 



1 ᾝ  

Tab.1 Contributions of organic carbon end-member in sediments in Taihu Lake 

/̂ cm̃  /̂ %̃  /̂ %̃  /̂ %̃  

0.5 65.6 25.1 9.3 

15-40 37.7 45.4 16.9 

 

1.3 ԓGAM ῗ ⌡ 

GAM ꜚ ̆ ҍ ӊ ῏
[37-38]̆Һ ȁPȁF ṿȁ ∞ ̂R2̃ȁ ̔ 

Ὣ‘ ‌ ίὢ ί ὢ Ễ ί ὢ ȟ          ‘ Ὁὣὢϳ ȟὢȟỄȟὢ        ̂8̃  
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ὅὥὶὦέὲ ίὭὲὯ‌ ίὡὝ                         ̂12̃ 

Ҭ̆àiҹҌ GAM Ҭ Ȃ 

҈ ₱ ᵬҹ ₱ ̆ identity₱ ᵬҹ ₱ Ȃ 

1.4 ԓARIMA ᵆ  

1.4.1 ғ  ↓ Ҭ ל ȁ ꜚ ꜚ ̆↕

↓ № ץ Ȃ ̆ ̂Ljung-Box

̃Ȃ ҹ ̆ ṿӊ ῏ ̆↕ ᴆ̕ ӊ̆ ᴇṿȂ

ᶏ ↓ҹ ↓ғ Ljung-Box ̂p < 0.001̃Ȃ 

1.4.2  ѿҩὴ Ҭ̆ ↓Ҭ ѿҩṿ ӊ╠ὴҩṿ ̔ 

ὃὙὴḊὣ ‘ ‍ὣ ‍ὣ Ễ ‍ὣ ‐             ̂13̃  
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Ҭ̆‐ ̆— Ȃ 

ң҉ץ ὃὙὓὃὴȟή ̆ Ҋ̔ 

ὣ ‘ ‍ὣ ‍ὣ Ễ ‍ὣ —‐ —‐ Ễ —‐ ‐   ̂15̃  

↓Ҭ ҩ ṿ ὴҩ ṿ ήҩ ȂὃὙὍὓὃὴȟὨȟή ↓ Ὠ

№̆ ҩ ṿ ὴҩ ṿ ήҩ [39]Ȃ 
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ꜚ ̆Dȁd№≢ № ̆sף Ȃ 

№ ↓ ῏₱ Ẓ ῏₱ p qȂ P Q↕ ׆

ᵞ ⌠ Ȃ Chl-a ̂ 1̃ ᵬҹ

῀ ↓ Ȃ R Ҭ auto.arimaף Ȃ 
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Ҭ̆► ‗ ̕◐░ ṿ̕◐░
Ẓ ṿ̕◐ ṿ ṿȂ 

2 ғ  

2.1  

̆ ᵣ TP 0.11 - 0.18 mg/Lῤ ꜚ ̆ᵖTN Ҋ

2011׆̆ 2.70 mg/L2020 2.21 mg/L̂ 1 ã Ȃ ̆ ᵣChl-a ῒ

2011 - 2020 ꜚ҉ ̂ל 1 b 2̃ Ȃ Chl-a 2011׆≢№

17.5 mg/m3 1.7 Ĭ 105 2020 41.85 mg/m3 5.6 Ĭ 105 ̆ 2019 ⌠ ṿ53.5 

mg/m3 7.2 Ĭ 105 ̆ ⌠3.8 Ĭ 106 Ȃ ѿ ל ҍ Ṝ Ḇ ᵬ

῏Ȃ Ṝ Ҋ̆ CO2 ȁ ⱴȁ Ҋ Ḇ ԅ

Ȃ Ҭ ҹ 25Ņ~35Ņ̆ Ḇ ԅ ̆ ԅῒ

ᵣҬ Ԉᴨ̆ל ԅ [40-42]Ȃ CO2 ⱴ ԅ ᵣ pH

ṿ ̆╝ ԅ ׆̆ ⁞ ԅCO2 └[43]Ȃ

ⱴ ҉ ̆ ԅ ᵣҬ ̆ҹ ᶫԅ ү Ῑ
[44-46]Ȃ ̆ Ҋ ⁞ ԅ ᵣ ꜚ̆ ꜛԍ ׆̆ Ḇ [47-48]Ȃ

̆ ᵞ̆ ̆ ᵞԍ 3 m/s̆ Ȃ

PAR Ҋ ̆ᵖ ԍ ҬCO2 ȁWT҉ ̂ 1 b̃ ץ Ҋ [49]̆ ֓

῍ ᵬ ԅ ῒ ⱴȂ 2011-2020 ̆ PAR

8321 ï 9831 mol/m2ῤ ꜚҊ ̆WT 18.18 ï 19.98 ῤ ҉ ̂ 1̃ ̆ 0.05 Ȃ

Ҋ ԅCss 45.2 - 66.7 mg/Lῤ ꜚҊ ̂ 1̃ Ȃ2019 ̂19.6̃

ҹ2011-2020 ԋ ṿ̆ ѿ ᴆ Ḇᶏԅ Ȃ ̆2019

ԅ ̆ ῀ ⱴ̆ҹ ᶫԅᾟ Ῑ [50]Ȃ 

 

1 2011-2020 ᵣ ̔ã TN TP̕b̃ Chl-a WT̕ c̃ Css PAR  

Fig 1 Changes in water properties of Lake Taihu over time , 2011 - 2020̔a) TN and TP ; b) Chl-a and WT; c) Css and PAR 

  

2 2011-2020  

Fig 2 The annual and cumulative algae-derived carbon sink in Lake Taihu from 2011 to 2020 



̆ ⅞№ҹ ȁ ȁ ȁ ȁқ ȁ ȁ

8ҩ [51]̆ ֓ Ӟ ₮ ̂ 3̃ Ȃ ᵣ ̆

№ ̆қ ᵞ Ȃ Ҭ ̆ ṿ№≢

ҹ291 g/m2 251 g/m2̆ қ ᵞ̆ ṿֽҹ66 g/m2Ȃ ȁқ ȁ

ȁ №≢ҹ147 g/m2ȁ81 g/m2ȁ170 g/m2ȁ75 g/m2ȁ136 g/m2Ȃ

Һ ҍҌ ᴆ ῏Ȃ ῀ ̆ҹ ᶫ

ԅᾟ Ῑ[52]ȂҬқ ץ ҹҺ̆ ֓ Ҍֽ Ῑȁᾣ ҉

ҍ Ԉ̆ └ [53]Ȃ ̆ ̆ қ

ᶏ қ ꜚ ̆ [54]Ȃ ̆

₮ Ȃ 

 
3 2011-2020  

Fig. 3 Spatial pattern of algae-derived carbon sink in Lake Taihu from 2011 to 2020 

 

2.2 ῗ  

Һ ᾣ ᵬ Ȃ ̆Chl-a ȁPAR WT

῏ ȂChl-aᵬҹ ᾣ ᵬ ̆ ԅ ᾣ ᵬ

ⱬȂᾣ ᾣ ᵬ Ȃ ’Ҋ̆ ᾣ ᵬ ҍᾣ ῏῏ ̆

ῒ ӊ ↕ȂWTל № ף ῏ ̆

‗ ᵬ Ȃ ԍ ̆ ᾣ ׆̆ [55-56]Ȃ

GAM№ ̆ Css ῒ̆ ̂p < 0.01̃̂ 2̃ Ȃ

ῒҬ C̆hl-a ̆ ⌠86%̂R2 = 0.858̃̆ ԍPAR WTȂ

ҹChl-a ԅ ̆ ̆ ᾣ ᵬ ̆ ȂWT

ԍᾣ ̆ №≢ҹ 39.3%13.2%̆R2№≢ҹ 0.348 0.116ȂWT

ᾣ ᵬ ̆ Ḇ Ȃ ӊҊ̆PAR ̆Һ ⌠

ᵣᾣ ᴆ ᾣ ᵬ ⱬ └Ȃ 

2.3 ᵆ  

╠̆ Һ №ҹ ᵝ ᵀ ң Ȃ ᵝ ̂ ̃ ‰

̆ᵖ ᵬ ̆ ץ ᵝ ↓ꜚ Ȃ ̆

Ҭ ⌠ └[14]Ȃ ̆ ᴆ ᵬ ғ̆ ץ

’Ȃ ӊҊ̆ ᵀ ̂ VGPM̃ ᵀ ̆ ῒ ԍ

↓ № Ȃ V̆GPM ῀ ̆ ᶭ ҩ ̆ Chl-aȁWTȁ

CssPAR [15]̆ ᶏ ⌠ └Ȃ ̆ ╠ ӎѿ Ḃ












