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ABSTRACT
Daily temperature data at high spatial resolution are funda-
mental for many applications but not yet available due to
clouds and satellite’s long revisit time. Here, we propose a
novel and practical approach to generate daily 30-meter land
surface temperature (LST) in complex urban areas, using
New York City as case study. In the proposed approach, we
first use enhanced annual temperature cycles to capture the
overall temporal trend from Landsat valid-observed data. We
then use Gaussian processes to link the residuals from valid-
observed pixels to cloud-covered pixels based on the simi-
larity of surface property. The LST reconstruction process is
solved through deep ensemble learning, which provides ro-
bust estimations and offers prediction intervals. Experimental
results show that the proposed approach can successfully
generate LST under clear-sky and heavily cloud-covered sit-
uations (RMSE = 0.75-0.78 K). Further, the reconstructed
LST achieved indistinguishable performance, compared with
valid-observed LST, in estimating near-surface air tempera-
ture (RMSE = 1.42-2.96 K). The proposed approach takes one
step forward in providing daily temperature data at 30-meter
resolution.

Index Terms— land surface temperature, air tempera-
ture, temperature data reconstruction, annual temperature cy-
cle, Gaussian processes, ensemble learning

1. INTRODUCTION

As an important climate indicator [1], temperature is a critical
variable in many applications [2]. Having accurate tempera-
ture data is important for understanding and addressing global
issues, such as climate and health in the form of cardiorespi-
ratory diseases and mortality [3, 4]. There are two aspects of
temperature: temporal changes and spatial variations [5]. In
the temporal domain, it is critical to have daily data to capture
the norm and extreme of climate events [2]. In the spatial do-
main, understanding temperature changes over space allows
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us to understand its impacts on different neighborhoods and
populations, a fundamental environmental justice issue [6].

However, no single data source is capable to monitor
temperature in a temporally and spatially continuous fash-
ion [2, 7, 8]. There are two current popular data sources:
near-surface air temperature from weather stations, and land
surface temperature (LST) data from satellites [8]. Weather
stations are expensive and impossible to set up in every city
location. Satellite data are subject to clouds and long revisit
time. Given the challenge and significance, generating tem-
perature data at high spatiotemporal resolution has been an
important task in remote sensing [2, 7, 8].

Many methods have been developed to generate daily
LST products [8]. For example, the annual temperature
cycle (ATC) is ideal to model daily mean temperature over
time [9]. Several studies have adopted and improved upon the
ATC model to generate seamless LST data [10, 11]. Most of
these methods are applied to MODIS data at 1 km resolution.
At this resolution, it is impossible to distinguish temperature
variations within a city (Fig. 1). In Fig. 1, we compare the
MODIS and Landsat LST over New York City’s zip codes.
As many zip codes are smaller than 1 km × 1 km, MODIS is
incapable to distinguish temperature differences between zip
codes, not to mention the variations within them. Landsat, on
the other hand, captures great temperature variations within
the city (Fig. 1). Additionally, some coastal areas such as
Manhattan have no valid data from MODIS due to the coarse-
resolution water mask. Having temperature data finer than
zip codes is critical for many applications, because many so-
cioeconomic data are aggregated at the zip code or finer level.
For example, New York City has the daily syndromic surveil-
lance data collected and released to the public at zip code,
and London has many socioeconomic statistics aggregated at
an equivalent scale (Middle Super Output Area) [4, 12]

While there is a debate on the best use case for LST, air
temperature and other types of temperature, given the current
sensor technology, seamless data are mostly originated from
satellite observations that are fundamentally brightness tem-
perature [13]. Most air temperature and other forms of tem-
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