Detection of Systematic errors on different time scales in a land surface model
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Introduction

Since the advent of FLUXNET, land surface models are often
evaluated on a handful of EC sites. Previous studies characterized
the model-data errors on different time scales and pointed out
that the large relative model-data errors occurred in low
frequencies. However, the share of model-data error which is not
random at and across different time scales 1s still not well
understood. In this study, taking a land surface model
(ORCHIDEE) as an example, we resort to time series
decomposition method (SSA) and artificial neural network
(ANN) for quantifying time-scale transitivity and space
transitivity of model systematic errors on different time scales
(diurnal, annual and interannual) based on 500 site-years of eddy
covariance data from 123 sites across the global in FLUXNET
database. The scientific issues we would like to answer in this
study are as follows: (1) The share of model systematic errors on
diurnal, annual and interannual time scales; (2) Whether model
systematic errors can be transferable or not across different time
scales; (3) Whether their 1s model systematic error transitivity
within and across different vegetation types on different time
scales.

Data and Methods

Table 1. The number of sites belonging to each PFT x climate zone

Climate zone/PFT GRA  CRO BoENF TeENF TeEBF TeDBF TrEBF
Boreal 1 0 18 0 0 1 0
Temperate 14 5 0 10 2 6 0
Temperate-continental 4 6 0 9 0 10 0
Subtropical- Mediterranean 5 4 0 9 4 9 0
Tropical 0 0 0 0 0 0 8

GRA: grassland; CRO: cropland; BoENF: boreal evergreen needleleaf forests; TeENF:
temperate evergreen needeleaf forests; TeEBF: temperate evergreen broadleaf forests;
TeDBF: temperate deciduous broadleaf forests; TrEBF: tropical evergreen broadleaf forests
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Main Results

2 Lok 2z &
g w i 8 8 3
© © — — — m —
C3gra
e
%) CRO
-
O
o TeEBF
- TrEBF
—D—-D 0X8 TeENF
= —D—I BoENF
c 1.0
5 TeDBF
0.5 ,
0.0 . ; Latent heat flux (W m™)
2.0 —A—-D 0.44 Diagonal matrix
- 1.5r—A=-A 7/ 1 T Non-diagonal matrix
e~ —A-l ] ~
n ,l O I I I I I ]
é — e
0.571 T ]
0.0 | = _
20l 12D o.6s - =
> 1.5 —I—/lA :
e 1.0f : s i ;
g | * =
0.5 1ok 7
0.0k — Red box: within climate zone = = ]
—1 O 1 1.5 Black box: cross climate zones 5-
- WP: within PFT; CP: cross PFTs
Figure 1. A single ANN is trained on one time scale (e.g.  -2.0! \ ! ! ! ! ! ! !

D) and then corrected on the other time scale (e.g. A) to get

ANN-corrected RMSE reduction in A from D (D-A). O, D,

A and I represent un-decomposed time series, diurnal, Figure 2a. Matrix of percentage of error share within PFT

annual and interannual time scales, respectively (diagonal) and cross PFTs (non-diagonal) in LE. A single
ANN is trained on vertical PFT (e.g. CRO) and then
validated on horizontal PFT (e.g. TeENF) to get ANN-
derived RMSE reduction in TeENF from CRO.
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Conclusions

Inter-annual time scale (low frequency) has the largest share of
model error in the frequencies we considered; model systematic
errors are poorly transferable across different time scales, which
can be expected due to climate-driven processes regulating
ecosystem fluxes across time scales in ORCHIDEE are
different; model systematic errors is more shared within PFT
and within climate zone at all frequencies, implying that model
improvement based on specific sites can enhance the model
behavior for the sites covered by the same PFT within the same
climate zone. Our study also enables LSM community to have
an 1dea of the theoretical bound for the space of model
improvement and model uncertainties reduction, and provides
the clues on how much of the benefits can be obtained for the
overall model performance from site-based model calibration.
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