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ABSTRACT

A reliable accuracy is essential for the application of land surface temperature (LST)
products. The validation of satellite-retrieved LST is usually performed over homogeneous
surfaces, while most of the earth is typically inhomogeneous natural surfaces. Therefore, it is
crucial to be able to evaluate LST over inhomogeneous surfaces. Thus, a temporal variation
method for evaluating the spatial representativeness of ground stations was proposed for
kilometer-scale LST validation. The method introduces the spatial representativeness
indicator (SRI) defined as the LST difference between the ground radiometer's FOV and the
corresponding satellite pixel, and combines the temporal variation of LST and its main
influence factors to estimate temporal-continuous SRI. Meanwhile, according to its
definition, the SRI allows to validate satellite LST against in-situ LST at the same spatial
scale. The method was applied in the validation of MODIS and AATSR LST, associated with
Landsat TM/ETM+ LST and CLDAS/GLDAS. Results for MODIS and AATSR LST show that
the effect of spatial representativeness on the validation results over the sites is large, with
MBE range of -1.95~5.60 K and STD ranges of 0.07~3.72 K. It can be concluded that large
systematic deviations and random errors can result from a lack of spatial representativeness
of a ground station, which considerably reduces the meaningfulness of the validation.
Therefore, it is recommended to always analyze and account for the spatial
representativeness of ground stations at the satellite pixel scale.

❑ Land Surface Temperature (LST) is a key parameter for energy exchange between the
ground and the atmosphere.

❑ In-situ LST plays an important role in the development of satellite-derived LST and land
surface models.

❑ A significant scale difference exists between the field of view of ground station sensors and
satellite sensors.

❑ Validation of satellite-retrieved LST is usually performed over homogeneous surfaces.

BACKGROUND

OBJECTIVES & DATA

❑ Validating the satellite retrieved LST
❑ How to consider the spatial representativeness of ground stations in LST validation?
❑ Quantify the uncertainty in the LST validation

Objectives

❑ Terra MODIS 6.0 level-3 LST Product (MOD11A1)
❑ ENVISAT AATSR Product (ENVISAT.ATS.LST_2P)
❑ 16 ground observations in China (Shown in Fig. 1)
❑ GLASS Broadband Emissivity from BNU
❑ Meteorological reanalysis data from CLDAS and GLDAS
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Fig. 1 Geolocations of the selected 16 sites, the overlayed high resolution images is
provided by www.tianditu.gov.cn.
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where SRI is the indicator for spatial representativeness; TF and TP are the true LST within
the in-situ radiometer’s FOV and satellite pixel, respectively, and simulated from Landsat
LST.

𝑆𝑅𝐼 𝑡 = 𝑇𝐹 𝑡 − 𝑇𝑃 𝑡

Continuous, indicating the average state of 
temperature difference between the two scales

Discrete, representing 
the temperature 

difference fluctuations of 
the two scales, affected 

by environmental factors, 
need to be continuous

Ignorable

Weather condition parameters, 
land surface parameters, etc.

Temporal variation model:
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Definition of Spatial Representativeness Indicator

Temporal Extension for SRI
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Validation 
Conversion the in-situ LST to pixel scale associated with SRI as the bridge:

𝑇𝑃,𝑖𝑛−𝑠𝑖𝑡𝑢 𝑡 = 𝑇𝑖𝑛−𝑠𝑖𝑡𝑢 𝑡 − 𝑆𝑅𝐼𝑇𝑃𝑅 𝑡

𝑇𝑆𝐴𝑇 𝑡 − 𝑇𝑖𝑛−𝑠𝑖𝑡𝑢 𝑡 = 𝜀total,P−F = 𝜀SAT 𝑡 + 𝜀𝑖𝑛−𝑠𝑖𝑡𝑢 𝑡 + 𝜀REP 𝑡 + 𝜀time 𝑡
❑ Normal validation 

𝑇𝑆𝐴𝑇 𝑡 − 𝑇𝑃,𝑖𝑛−𝑠𝑖𝑡𝑢 𝑡 = 𝜀total,P−P = 𝜀SAT 𝑡 + 𝜀in−situ
′ 𝑡 + 𝜀time 𝑡

= 𝜀SAT 𝑡 + 𝜀𝑖𝑛−𝑠𝑖𝑡𝑢 𝑡 + 𝜀SRI 𝑡 + 𝜀time 𝑡
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❑ Validation with spatial representativeness considered
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𝑁

𝜀total,P−P − 𝜀𝑖𝑛−𝑠𝑖𝑡𝑢 − 𝜀SRI − 𝜀time

The accuracy of the satellite LST products/datasets

𝑆𝑇𝐷REP
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𝑛=1

𝑁

𝜀total,P−F − 𝜀total,P−P + 𝜀SRI

The ground station’s spatial representativeness influence in normal validation

RESULTS

Temporal-continuous SRI

Fig. 2 SRI and ∆ATC for AATSR over the sixteen sites. The subscript ORI and TPR 
denote “original” and “temporal”, respectively

Table 1. Validation of AATSR LST against Tground and TP,ground

Note: No scale conversion was performed at nighttime when LST is 
more spatially homogenous; D denotes daytime, N denotes nighttime.

CONCLUSION

❑ Defined the ground station’s spatial representativeness and Temporal extended based on
the temporal variation of LST.

❑ Quantified the temporal variation of spatial representativeness of 16 ground stations on
MODIS and AATSR pixels by incorporating Landsat TM/ETM+ data and meteorological
environmental parameters.

❑ Quantified the uncertainty in LST validation caused by ground station’s spatial
representativeness, shown that the station’s spatial representativeness could cause a mean
biases between − 1.95 K and 5.60 K and standard deviations between 0.07 K and 3.72 K on
the normal validation results.


