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Abstract

Hainan Island, the largest tropical island in China, is a critical region for biodiversity conservation
and a global hotspot for understanding ecological dynamics. Accurately estimating the Gross Pri-
mary Productivity (GPP) of tropical island ecosystems is fundamental to comprehending the global
carbon cycle and its implications for climate change. However, substantial uncertainties persist in
the current estimation methods, especially in regions characterized by complex tropical environ-
ments. This study integrates six remote sensing-based GPP products, namely GLASS, MOD17, FLUXCOM,
VODCA2, VPM, and an improved EC-LUE model, to systematically evaluate the spatiotemporal varia-
tions of GPP across Hainan Island from 2001 to 2015. The study also investigates the underlying driv-
ing mechanisms of these variations. A unified spatiotemporal preprocessing approach was applied
to harmonize the data from different remote sensing products, followed by multidimensional ana-
lytical methods to analyze the variations in GPP across the island. The results reveal a distinct “core-
periphery” spatial pattern of GPP across Hainan Island, with the central tropical rainforest region
exhibiting the highest GPP values. Specifically, the annual average GPP of the central tropical rain-
forestreached 2829.78 gCm~2yr-1, which was 32.6% higher than the island-wide average GPP range
(1659~2138 gC m-2 yr-1). The central area also exhibited the highest annual GPP growth rate of 45
gC m-2 yr-2, which was statistically significant (p < 0.05). These findings highlight the central re-
gion’s potential as a carbon sink within the tropical island ecosystem. Additionally, the study found
a pronounced spatial differentiation in GPP between the northern and southern regions of the is-
land, with 19°N latitude serving as a boundary. This division was statistically significant, with an R?
value of 0.73. The northern region showed greater interannual variability in GPP, with standard
deviations greater than 300 gC m-2 yr-1, indicating more fluctuating carbon dynamics. In contrast,
the southern region demonstrated a more stable GPP pattern with a lower standard deviation of
less than 120 gC m-2 yr-1. This finding suggests that the southern part of Hainan Island may have
more consistent carbon flux, possibly due to its tropical rainforest characteristics. In terms of ur-
banization impact, the northeastern region, which has undergone substantial urban development,
experienced a significant negative GPP growth rate ranging from -30 to —-45 gC m-2 yr-2. This indi-
cates that urbanization and land-use changes in this area have contributed to a decrease in the is-
land’s overall carbon productivity. The loss of vegetation cover and the associated decline in GPP
underscore the need for sustainable urban planning and land management strategies to mitigate
further carbon losses in this region. The study also highlighted systematic differences in the GPP
estimates derived from different remote sensing products, with the variation spanning a range of
479 gC m~2 yr-1, The Light Use Efficiency (LUE) model was found to overestimate GPP by approxi-
mately 15% during the rainy season, while machine learning models tended to underestimate GPP
by 9.8% during the dry season. These discrepancies were mainly attributed to the tropical cloud
cover, which has an average coverage rate of 75.44%. The study suggests that integrating micro-
wave and optical data can reduce estimation errors by 12~15%, offering a more accurate method
for monitoring GPP in tropical island ecosystems.
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SHIH A J1(Gross Primary Productivity, GPP)fE i & A2 45 R Gt & A FH [l Bk R 7 1 S Fia br, 7
AERBRAG AN SNE B T 4 A A . 423K 45 Fl GPP =i I VPAG 45 R, B GPP fi/h
A4k, A ] RE S AR S RA M B[] ELEMAES RS AP, GPP ENES RGN M
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[11], XEEHR I RS FA R AR BRI EFHEI[12], X2 RS FR E PEA E 7E XU o
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SR (10 5 FH [L8 TR Pt TR AR 5 1) M U [ 1O R A A 7 TV A SR A TR BOR B bdbh, T 38 ™ b
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G A AR [25]H PT RERZ I X SR IE AL AR o He T~ 2 Af AL UM ) L R T ARG 58 7R [26], AT BN
A SHBERREN AN B o FEREIR SN J7 TR, 55 R 7K 43 AT B PR e i GPP = S KIS I [27] LA B 4
3R GPP i 77V R SG2E [28] [29] 42 i W IDKS B2 SR At 1 i R o DRIUbE, AT 5 4030 i 2 ol 22 VR SR
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Figure 1. Elevation topographic map of Hainan Island
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Figure 2. Spatial distribution map of multi-year averages of remote sensing GPP products from 2001 to 2015
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Figure 3. Spatial distribution map of multi-year trends of remote sensing GPP products from 2001 to 2015
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Figure 5. Standard deviation of GPP on Hainan Island from 2001 to 2015 for different datasets
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Figure 6. GPP variation degree on Hainan Island from 2001 to 2015 for six different datasets
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