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Introduction

Figure 1: Industrial area of Norilsk.

Measuring the composition of the boundary layer (the closest layer to the surface, ABL) from space is essential for
monitoring pollutants and understanding their impacts on our environment and climate [1]. Thermal infrared (TIR) sounders
are usually considered inadequate for near-surface measurements. Recently, however, the demonstration was made that TIR
sounders have a good sensitivity to trace gases (notably NH3) in the boundary layer in case of high thermal contrasts between
the surface and the air above it [2, 3].
In this work, we use the large negative thermal contrasts found in the Arctic to retrieve boundary layer SO2
concentrations from IASI observations in the region around the industrial city of Norilsk (Figure 1).

Sensitivity studies
A set of radiative transfer simulations have been made to theoretically study the
influence of thermal contrasts on the IASI sensitivity to SO2 in the boundary layer (Figure 2).
The methodology is as follows:
1) Simulation of background IASI spectra (almost no SO2 in ABL) and polluted IASI spectra
(100 ppb of SO2 in the ABL) for a large range of thermal contrasts (-15 K ≤ TC ≤ 15 K)
2)
𝐒𝐩𝐞𝐜𝐭𝐫𝐚𝐩𝐨𝐥𝐥𝐮𝐭𝐞𝐝 (𝝂) − 𝐒𝐩𝐞𝐜𝐭𝐫𝐚𝐛𝐚𝐜𝐤𝐠𝐫𝐨𝐮𝐧𝐝 (𝝂)
𝐁𝐓𝐃𝐧𝐨𝐫𝐦 =
𝐍𝐨𝐢𝐬𝐞𝐈𝐀𝐒𝐈 (𝛎)
IASI is able to detect a radiance signal coming from SO2 in the boundary layer for
𝐁𝐓𝐃𝐧𝐨𝐫𝐦 > 𝟏
Season

Arctic
Winter

ν3
ν1

Arctic
Summer

Winter

|TC| needed for detection of ν1 band
(Figure 2)
> 10 K

|TC| needed for detection of ν3 band
(Figure 2)
>1K

Summer

≥ 15 K

Unobservable
ABL is opaque due to absorption of
water vapor

ABL opaque
due to H2O

ν1

ν3

Figure 2: IASI sensitivity to SO2 in the boundary layer. Influence of thermal contrasts.

Retrieval of SO2 concentrations in Norilsk
Based on the theoretical study, it appears that IASI has a better sensitivity to SO2 in the boundary layer in the more intense ν3 band in winter, when thermal
contrasts are highly negative (Figure 3) and humidity is low. Therefore, SO2 concentrations have been retrieved in an area around Norilsk only for winter months,
for the period 2009-2011 and using the Optimal Estimation method [4]. Spatial distributions (Figure 4) and time series (Figure 5) have been obtained for the first
time, further highlighting the capability of IASI to monitor surface pollution, and possibly to help in inferring surface fluxes.

Figure 3: Seasonality of thermal contrasts and surface temperatures in the area of Norilsk.

Figure 4: SO2 distributions in the area of Norilsk.

Perspectives
This work has shown that high-spectral resolution thermal infrared sounders, such as
IASI, are able to measure pollution in the boundary layer. Having demonstrated this largely
unexploited potential, further studies will investigate the possibility of IASI to:
1) Measure methane emissions from the thawing permafrost in the Arctic.
2) Monitor pollution above megacities
3) Draw global distributions of pollution hotspots with favorable thermal contrasts.

Figure 5: Time series of SO2 volume mixing ratio in the area of Norilsk.
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