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数据插补不是万能药!!!

• 再好的插补算法也不能完全补救数据缺失的损失

• 并不是所有变量都能够被合理插补（如反射辐射、土壤水分，重
复的重要性！）

• 减小数据插补造成的不确定性（站点维护的重要性！）
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数据缺失的原因

• 仪器故障

• 供电故障

• 不利天气

• 仪器校准

• 人为因素

• 质量控制

EC平均年数据覆盖约60-80% (Falge et 
al., 2001a,b; Moffat et al., 2007)

为什么要插补缺失值？

1.估算一段时间（如一年）的通量累计值；2. 进行特定数据分析（如小波分析）

Jia et al. 2018 AFM
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数据插补理论

• 根据内在变化规律，如MDV/MDC/MDT, 
LUT, Marginal Distribution Sampling 
(MDS) (Falge et al. 2001a,b; Reichstein et al. 2005; 
Moffat et al. 2007; Wutzler et al. 2018)

• 经验模型，如NLR、ANN (Amiro et al. 2006; 
Moffat et al. 2007; Jia et al. 2014, 2016a,b, 2018a,b)

• 机理模型，如Xing et al. 2007, 2008a,b

EC155, CSI

if Gap > 2h

if Gap <= 2h
then 线性插值

Factors addressed:
1. Species
2. Light (quality & canopy structure)
3. Temperature
4. Soil moisture
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Evolution of NEP model 
initially intended for gap filling

Ecological Modelling 
papers
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Model parameters

Model Parameter Function Value derivation Values Rangea

Ecoresp_beta Ecosystem respiration curve 0.017825 n/a
Ecoresp_alpha Ecosystem respiration curve Set according  

to the literature
308 n/a

optimum_soilwater Field capacity for sandy clay loam 0.32 n/a

optimum_temperature Tree response to air temperature 17.5 n/a
alpha Light use efficiency for multi-layered canopy

Species-specific and 
set based on NWL 
2006 data

0.0016b 0-1

NEP_max
Maximum possible NEP associated with species 34.4 0-100

NEPgama Light compensation point of balsam fir 202.9 0-300
krt Influence of temperature on photosynthesis

Determined by fitting 
NEP model to data 
from both sites and for 
all years

-c 0-3000
pco2 Rate of CO2 exchange between the atmosphere - 0-5

and forest canopy
kvapord Relates stomatal conductance - 0-5

R Maximum ecosystem respiration - 0-20

n/a= not applicable
a the range is provided to NEP model to constrain feasible solution
b determined through pre-calibration of the NEP model (see Results and Discussion section); alpha is in µmol CO2 (µmol PAR)-1; NEP_max, in µmol CO2 m-2 s-1; and NEPgama, in µmol PAR m-2 s-1

c variable parameter values to be set according to a non-linear fit of NEP model to NEP and eco-hydrometeorological data from all sites and years

Process-specific parameters

Species-specific parameters

Site-specific parameters

eco

Gap filling strategies for defensible annual
sums of net ecosystem exchange

Falge et al. 2001a AFM
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Comprehensive comparison of gap-filling 
techniques for eddy covariance net carbon fluxes

Moffat et al. 2007 AFM

Gap filling strategies for long term energy flux data sets

Falge et al. 2001b AFM
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数据插补工具

• 研究人员独立开发代码（MATLAB, Python, Fortran）

• 网页工具
(https://www.bgcjena.mpg.de/bgi/index.php/Services/REddyProcWeb)

• R软件REddyProc包

The MDS flow diagram (Reichstein et al. 2005 GCB)
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Basic and extensible post-processing of eddy 
covariance flux data with REddyProc
(Wutzler et al. 2018 BG)
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install.packages(“REddyProc”)
library(REddyProc)
?REddyProc()

install.packages(“REddyProc”)
library(REddyProc)
?REddyProc()

install.packages(“REddyProc”)
library(REddyProc)
?REddyProc()

install.packages(“REddyProc”)
library(REddyProc)
?REddyProc()
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install.packages(“REddyProc”)
library(REddyProc)
vignette("DEGebExample")

install.packages(“REddyProc”)
library(REddyProc)
vignette("DEGebExample")

The data file (.txt)
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A code template

EddyProc.C$sPlotHHFluxes("NEE_uStar_orig")
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EddyProc.C$sPlotHHFluxes("NEE_uStar_f")

EddyProc.C$sPlotDailySums("NEE_uStar_f")
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EddyProc.C$sPlotDiurnalCycle("NEE_uStar_f")
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如何插补微气象数据

• “Gaps in environmental variables (e.g., Rg and Ta) were filled either 
using complementary measurements at the site (e.g., photosynthetically
active radiation or soil temperature), or with the MDS method.”(Jia et al. 
2019 manuscript)
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