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¥ Eddy Covariance (EC)

¥ Plant Functional Types (PFTs)
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Table 1 — General characteristics of the stations

PFT DBF ENF MF GRA
Site Hampshire  Oberbéarenburg Mehrstedt Vall d'Alinya
Code UK-Ham DE-Obe DE-Meh ES-VDA
latitude 51°09'13" N  50°47'12" N 51°16'31" N  42°09'04" N
longitude 0°51'30" W 13°43"16" E 10°39"19" E 01°26'50" E
Annual Precipitation (mm) 779 996 570 669
Annual Mean Temperature (°C) 9.6 5.5 7.8 13
Elevation (m) 76 734 286 1770
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3 Fraction of Photo-synthetically Active Radiation (fPAR)
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' Vegetation Photosynthesis Respiration Model (VPRM)
¥ Photo-synthetically Active Radiation (PAR)
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Table 2- Input combinations of environmental variables
Input Combinations Model
Ta, PAR, Rh RF1
T, PAR, Rh RF2
Ta, T, PAR, Rh RF;
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> Root Mean Square Error (RMSE)
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Table 3- Performance evaluation by NSE index

NSE Result
0.75<NSE<1 Very Good
0.65<NSE<75 Good
0.5<NSE<0.65 Accepable
NSE<0.5 Not Acceptable
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Figure 1- NEE daily variation in different plant functional types
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Table 4- General characteristics of sites in terms of sink or source potential of NEE

Max

. . Max Emission Mean Number of Days
PFT Site Years Absorption P 1 U

(gC m? day™) (9C m2 day™) (9C m2day?!) ActasaSink (%)
DBF UK-Ham 2004-2005 -13.88 +7.72 -1.74 41.04
ENF DE-Obe 2008-2010 -9.20 +9.01 -0.77 49.73
MF DE-Meh 2003-2006 -6.20 +4.62 +0.01 32.10
GRA ES-VDA 2004-2008 -3.95 +2.66 -0.37 62.73
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Table 5- Comparisons of model's efficiency with different input combinations in the testing period for net ecosystem
exchange (NEE, gC m—2day™) in the different PFTs.

RF1 RF2 RF3
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Model — — , 8 48 L8 48 -, L8 4f
x wn - E & o wn —_ E ! @ wn — E !
z ®E ZE zZ ©E ZE z @ ZE
(@] (@] O (@] (@] (@]
2 2 2 2 =2 =2
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MF 0.82 0.56 0.11 0.94 0.86 0.55 0.05 0.87 0.84 0.60 -0.03 0.87
GRA 0.64 0.36 0.05 0.70 0.72 0.43 -0.04 0.64 0.72 0.48 0.01 0.64
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Application of random forest technique for modelling Carbon Exchanges rate
measured by eddy covariance measurement
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Abstract

Net ecosystem exchange (NEE) serves as an important indicator for assessing how carbon dioxide (CO2) flows
between the land surface and the atmosphere, particularly in the context of climate change. Although in situ
instruments are available for monitoring carbon exchanges, but the temporal and spatial scale limitations of these
observations’ attempts have been made to develop models for NEE prediction. This study examined daily NEE
variations across four plant functional types (PFTs): Deciduous broadleaf forest (DBF), Coniferous forest (ENF),
Mixed Forest (MF), and Grassland (GRA). Using the, a machine learning approach, namely random forest (RF)
method. Four meteorological variables including solar radiation, air temperature, soil temperature, and relative
humidity were used as inputs for the model. The measured and predicted values were evaluated using four statistical
indices of R2?, NSE, Bias, and RMSE. The results indicated that DBF had the most accurate modeling performance,
whereas GRA had the least. An analysis of the relative significance of environmental variables revealed that solar
radiation was the most important and relative humidity the least important across all PFTs. Additionally, soil
temperature improved the model performance in grasslands more significantly compared to air temperature, unlike
the results in forest functional types. The study also highlighted that uncertainty remains a significant issue during
different phenological stages across all PFTs; with the highest uncertainty between days 140-220 in forest types and
120-210 in grassland, according to the Julian calendar.

Keywords: Carbon Dioxide (CO2), Net Ecosystem Exchange (NEE), Phenology, Plant Functional Types (PFTS),
Random Forest (RF), Uncertainty
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