201945 H Z?ikmjﬂﬁi%?ﬁ %50 % H S5 M

doi;10.6041/j. issn. 1000-1298. 2019. 05. 031

E T XGBoost-ANN B3 Fy 2 th 5 itk 32 HAR L5 A Ao [z

FERER #weEF WO

(1. AtEEhRoll K225 8 2207 dEET 100083 ;5 2. AbEtdkolk Kezzsk H 4424 5%, Jb5T 100083)

FE . NPTl sk g E 25 RG0S H ( Net ecosystem exchange , NEE ) X B35 P 7 (1 ) )i, i) FH e JEE A 56 00
T 2013—2016 4F/E K Zx [ K HY NEE 5% , 81l XGBoost L Bz ANN #ERUX} NEE HEAFHLA 0, 318 i vk i R4k
(R?) SFHLTHRZE (MAE) B RIR2E (RMSE ) F—E0ME R AL (TA) 4 MR PR IEMBRUGRE . 255080, M A K
FRNE A RARST (PAR) JAKVAEZE (VPD) &SR (Ta) ABXTREE (RH) | 38R (Ts) R (WS) (10 cm
Ab+IEEKRF(VWCI0) I BRI BRI . HIGREEAEE RO 0. 712 ,RMSE 24 4. 394 pmol/(m’ +s) ,MAE &
3. 129 pmol/ (m*+s) ,IA 4 0. 911 ; MK AEHRE B R* 4 0. 748 ,RMSE 4 4. 253 wmol/ (m” s ) ,MAE 47 2. 971 pumol/ (m’ +s) ,IA
40.920, FE R TR EAERG , B F%t NEE 093 228 HEP AR EI/ME YA PAR,VPD Ta . RH  Ts |\ WS,
VWC10; 8t B A 55 [ 717 7, %t NEE B9 82 M i KBI/MKIR S Ta Ts \RH, @it it B AR R H A7 J1 (Net
ecosystem productivity, NEP, H[l— NEE) XF EZE S EE K F (PAR \VPD . Ta) A9 i S50 0] 50, AL S RGO A EHE N =T
HOREKAE N 0. 087, I .24 PAR KF 1200 wmol/ (m? +s) B, HORFLESZ MG A 1E Y £ 2 E VPD fi 3 4042
b BRE | VPD XHEYGAVE R A i LA &I 32, 24 VPD a3 Ki R 808EE 1 o, et it i <FLIA &,
IHEDEE A Ta i AU AR BT | WG TR EE A, 661 FH USR5 R TP E e, DF 3R,
FEF XGBoost 5 ANN R AVREGLTE ok o LA 1L NEE 3038, ZEAHC3RBE K 7, PAR \VPD \Ta /251 NEE 224k 1 3
T T NEE St F2 5200 BT 19 A S A i 10 4 3 AT Ry BRA e G B OC i AR SR it 5 2

FEHEIE BB A XGBoost; N THIZM%; AT IREN 2

FESES. Q148 XERARIRED: A XEHS: 1000-1298(2019)05-0269-10

Simulation of NEE and Characterization of Urban Green-land Ecosystem
Responses to Climatic Controls Based on XGBoost — ANN
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Abstract: Aiming to analyze the responses of urban green-land’ s net ecosystem exchange (NEE) to the
climatic controls and provide theoretical and technical support for carbon cycle simulation between land
and atmosphere. In growing season, half-hourly daytime NEE based on eddy covariance flux data
collected from 2013 to 2016 were simulated by XGBoost and back propagation artificial neural network
(ANN) model. Moreover, the accuracy of model was evaluated by using the coefficient of determination
(R*), root mean square error (RMSE) , mean absolute error (MAE) and index of agreement (IA). The
experimental results showed that ANN model presented that seven input variables ( photosynthetically
active radiation (PAR) , vapor pressure deficit (VPD) , air temperature (Ta) , relative humidity (RH) ,
soil temperature (Ts) , wind speed (WS) and volumetric water content at 10 cm depth) performed best,
yielding R of 0. 712, RMSE of 4. 394 pmol/(m’+s) , MAE of 3. 129 wmol/(m*+s) and IA of 0. 911 on
train dataset, and R of 0. 748 , RMSE of 4. 253 pmol/(m’+s) , MAE of 2. 971 wmol/(m*+s) and IA of
0. 920 on test dataset. After considering the function and interaction among the factors, the importance
score of each environmental factor was decreased in the following order; PAR, VPD, Ta, RH, Ts, WS
and VWC10, otherwise Ts would be more important than RH. In particularly, after calculating the
numerical partial derivatives of main climatic controls for each half-hourly point, the numerical partial
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derivatives of PAR showed the ecosystem quantum yield with the value of 0. 087, and it also indicated

that PAR was no longer a main impact factor when value was greater than 1200 wmol/(m”+s). Besides,

the numerical partial derivatives of VPD expressed that VPD could mainly inhibit the photosynthesis, and

the higher VPD aggravated the inhibition of photosynthesis by affecting photosynthetic rate. Furthermore,

the numerical partial derivatives of Ta demonstrated that the photosynthetic rate was increased bit by bit

and made the photosynthetic rate overpass respiration rate gradually. According to the result, PAR, VPD

and Ta played an important role in controlling the NEE of urban green-land ecosystem. Also, XGBoost

and ANN could be capable in capturing NEE dynamics and simulating the NEE with high accuracy.

Meanwhile, the present result provided instant insight in underlying ecosystem physiology.
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Tab.2 Evaluation indices of different combinations
T 2 MAE/ RMSE/ A
G (umol-(m?+s) ') (wmol+(m?+s) ~1)
PAR VPD Ta RH Ts WS VWCI0 ¥IZgE WitE JIggE  WikE  JIZE  WiRE  NI%E Witsg
CIV.1 Y N N N N N N 0.548 0.587 4. 114 4. 054 5.452 5.452 0.836 0.846
CIV.2 Y Y N N N N N 0.684 0.719 3. 301 3.201 4. 555 4.503 0.898  0.907
CIV.3-1 Y Y Y N N N N 0.704  0.741 3.184 3. 059 4. 404 4.302 0.905 0.916
CIV.3-2 Y Y N Y N N N 0.694  0.729 3. 240 3.133 4. 480 4.308 0.903 0.911
CIV.3-3 Y Y N N Y N N 0.702  0.733 3.195 3.096 4.421 4.307 0.904 0.914
CIV.4-1 Y Y Y Y N N N 0.707  0.742 3. 141 3. 040 4. 381 4.292 0.909  0.917
CIV.4-2 Y Y Y N Y N N 0.705  0.742 3. 166 3.043 4.393 4. 306 0.907  0.917
CIV.5 Y Y Y Y Y N N 0.708  0.743 3.139 3.025 4.374 4.292 0.908 0.917
CIV.6 Y Y Y Y Y Y N 0.711 0. 746 3.131 3.017 4.354 4.278 0.909 0.918
CIV.7 Y Y Y Y Y Y Y 0.712  0.748 3.129 2.971 4.349 4.253 0.911 0.920
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Fig. 6  Relationship between observed and
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