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Abstract: After the storage of the Three Gorges Reservoir, its ecological impact has received great attention. As an
important indicator of ecosystem health in the reservoir area, carbon sequestration of vegetation in fluctuating zone is of great
significance to carbon cycle and ecological purification in the reservoir area. Due to the differences in the time of receiving
sunlight for vegetation at different elevations in the ebb and flow zone, and the impact of changes in river water levels, the
traditional CASA model has problems such as inaccurate calculation of the light energy utilization rate of plants when
calculating the carbon sequestration amount of vegetation in the ebb and flow zone. In this paper, a new method ( RBF-
CASA) for coupling the Radial Basis Function Neural Network ( RBFNN) model with the Carnegie Ames Stanford approach
(CASA) model is proposed hased on the study area of the steep slope fluctuation zone of the Xiangxi River in the Three
Gorges Reservoir Area. We have established an environmental impact factor model based on RBFNN. This model utilizes
features such as elevation data and vegetation index to calculate environmental impact factors suitable for the region, and
combines them with temperature and water stress factors to calculate environmental stress factors, in order to improve the
accuracy of estimating vegetation net primary productivity (NPP) at the pixel scale. The results showed that the R* between
the estimated value and the observed value of the RBF-CASA model was 0.730 ( P<0.01, n=32). Compared with the
CASA model, the MAE decreased by 10.991, RRMSE decreased by 5.10%, and MAPE decreased by 1.12%. Using the
RBF-CASA model to estimate carbon sequestration in the typical steep slope and falling zone of the Three Gorges Reservoir
area, the monthly average NPP of the study area in July, the most suitable month for vegetation growth, was between
66.234 and 134.144g C/m’. In the area of the ebb and flow zone, NPP fluctuated with the increase of elevation, with the
total amount of NPP reaching a peak value between 150 and 155 m, and the area with the average value of NPP above 170
m had the highest value. In September 2021, the average NPP of vegetation was 35.883g C/m’, while in September 2022,
the average NPP of vegetation was 25.964g C/m’. Due to the decrease in rainfall and the decline in the water level of the
Yangize River, the vegetation restoration situation was poor between 2021 and 2022. Therefore, this research can provide

scientific basis for carbon cycle, ecological purification and ecological restoration decision-making.

Key Words; CASA model; machine learning; net primary productivity; unmanned aerial vehicle; environmental impact

factor model
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Fig.1 Geographic Location and Sampling Area Distribution of Xiangxi River in the Three Gorges Reservoir Area
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Fig.2 Xiangxi River Fading Zone with Vegetation

1.3 TANLESE

SIS R 4 RTK PUFTCAMUFEZR 1 0T WEIEIRER A 5 A 206k o (oL BREs TR . 1Z20h1E
PR IR AR AT AR LT (o 0l B SR B W (O B T 4T AN B 2Uih B BE S MR BHE B, T 2021 4F 9 H A 2022
AR 7.9 HAER BRI KGR AT L BB R A . S 94 DS g i) 2l S Wa D, AT B s
JEZY 100m, T BT HOP LI T304 . MR ARIRAAROR 2 KA E R R IR, JTC AL AT RAE I B e 5 B )
Tz TeRREER,

WEFERT I TC ABLEE i NDVI SRS SRR S AR AL, A Pix4Dmapper 3 AU PSR E inA
Pl 2 = AN RS 5 AN B B BUEIE SR ( Digital Orthophoto Map, DOM ) DA 5 i 1y
FBI (Digital Surface Model, DSM) ¥ DOM i i i Briz 53145 NDVI 2448 m R R 5 08 ok DSM 5 52
R, AT ArcGIS #FATALIE RS . FIH ENVIS.3 s RE B AL 5% DOM HEAT A8 4 7 45 AE 807
T X3, o 4 S0F98 BRI T8 P A B 2 AR R 2 431 LA S NDVI AE 48 5502 o] 2 A il 3 s, 4%
NDVI S5 %HE H Bk iaE ] P30 3 B R BRER S8 L s B s AR S A T8 00 R BT A fE
Je AR ef SRR XIS OC R I NPP

2 WRAE

2.1 RBF-CASA &l

TEH AL R NPP 32 HAR BT I A RO G 4R S (APAR) 5 SERRGREFIT AR E . TH V& X
AR A KB BUAR KRR BE A2 B K W 52, AN [R) e R A R e A KR 25 B e, DR b P v AR i LA S 2
FhRE WS 3l ML 27 S 5 ok 72 5 NDVI X NPP RS20 (R 1, k028 SeBroG Re A R (13
Jr ik, dEmiflifk CASA 5%, RBF-CASA #iRIT1E NPP SR AR B AR 4.

http ; //www.ecologica.cn



2468 H

&t
H
=4

44 %

A
F/m NDVIRE#HE %
| B 181.217 ' #:0.853
I 1i§: 143.807 I fi§: -0.631
0  40km

[ E—

B3 ARKENEEFERZE . SESHUR NDVIEEERTES 5
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Fig.4 Overall Technical Route Flow Chart
NPP . %471 9% 4= 7 J) Net Primary Productivity; CASA : -~ PN 363 1t} -1 31 4% J7 #% Camnegie-Ames-Stanford Approach; BP: % [1] 1% #§ Back
propagation ; RBF ; 72 [i] JE 1 28 (] 28 Radial basis function network ; RF; Bl #K Random forest
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Fig.5 Overall framework of optimized CASA model
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Table 1 Calculation Formula of Vegetation Index

T BFR B HEAK e
Vegetation index type Calculation formula Source
U —AL M 15 45 50 Normalized Difference Vegetation Index NDVI=(NIR-R)/(NIR+R) [25]
FSEAE G AL Shadow Vegetation Index SVI=NDVIXNIR [26]
P {HIRIEA B 154X Difference Environmental Vegetation Index DVI=NIR-R [27]
ZHMEPEFEEL Triangle Vegetation Index TVI=60x(NIR-G) -100X( R-G) [28]
+IEE T RIS EL Soil Adjusted Vegetation Index SAVI=(1+L)x(NIR-R)/(NIR+R+L) [29]
4 Z8%X Green Chlorophyll Vegetation Index GCVI=(NIR/G) -1 [30]
HE 3R AR S %X Enhanced Vegetation Index EVI=2.5%( (NIR-R) / (NIR+6XR-7.5xB+1) ) [31]
160l 2 + 38 LS B Modified Soil Adjusted Vegetation Index MSAVI= (2xNIR+1- +/(2xNIR+1)2-8( NIR-R) )/2 [32]

SVI: FHFZ AR B 1540 Shadow Vegetation Index; DVI: 2% {H M B M 4 #8 4 Difference Environmental Vegetation Index; TVI: = i 4 # 54X Triangle
Vegetation Index;SAVI; +3EH T MW FE 4L Soil Adjusted Vegetation Index; GCVI: H 44 ZF5 % Green Chlorophyll Vegetation Index; EVI. 3853 MU AE #35
# Enhanced Vegetation Index; MSAVT ;& 2 1 3234 5 4 9 15 4% Modified Soil Adjusted Vegetation Index; NIR ; #T£L 7 B¢ Near infrared band ;R : 1.
)% BE Red band ; G : 8% Bt Green band ; L 131855 2 %L Soil regulation coefficient ; B : 1 (4 U7 B¢ Blue
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Fig.6 RBF Training Environment Factor Flow Chart
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Table 2 Correlation coefficient between actual light energy utilization rate and vegetation index of vegetation in the subsidence zone

HEHE R

Vegetation index

LGRER R AR R 5L

Correlation coefficient with actual

5 NPP HUAHE R B

Correlation coefficient with NPP . e L
light energy utilization

I —AL 15 46 50 Normalized Difference Vegetation Index
15 4 Bl H5 54 Shadow Vegetation Index

EAUFF AR BEHEEL Difference Environmental Vegetation Index
ZARIBEAE S Triangle Vegetation Index

+IEE T RIS EL Soil Adjusted Vegetation Index

4% Z 4540 Green Chlorophyll Vegetation Index

SR R W45 4% Enhanced Vegetation Index

1B B 7+ eI TR 8 X Modified Soil Adjusted Vegetation Index

0.799 0.973
0.285 0.627
0.204 0.545
0.312 0.626
0.349 0.667
0.252 0.518
0.331 0.567
0.334 0.654
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Fig.8 Plot of simulated versus measured values of net primary productivity
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Table 3 Comparison of evaluation indicators for multiple NPP estimation models

. AR AR 1R 22 Y5 M2 I LNTE iR T4 X iR 2 PeE RAL
A . -
Model Relative root mean Root mean Mean absolute Mean absolute Coefficient of
ode square error square error percentage error error determination
CASA 0.244 113.064 0.146 75.180 0.566
RBF 0.259 119.721 0.140 73.573 0.646
RBF-CASA(H(x)) 0.208 96.439 0.143 68.649 0.684
RBF-CASA(NDVI(x)) 0.220 101.590 0.138 70.109 0.650
RBF-CASA(H(x), NDVI(x)) 0.193 89.203 0.135 64.189 0.730
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