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Abstract

The low-level atmospheric temperature inversions are the dominant feature of the atmosphere field in
Arctic throughout most of the year. The spatial distribution, temporal characteristics, and changes
over time of the temperature inversion are important to many of the researches related to the Polar
Regions. However, sparse data from meteorological satations poleward of 70°N, especially over
ocean, can not provide such information, Satellite-borne sensors provide an appealing opportunity to
study the temperature inversions in the polar region. This study focuses on the spatial and temporal
characteristics, and change from 1980 through 1996, of satellite-derived clear-sky atmospheric
temperature inversion strength in Arctic in the cold season. The 17-year time series of clear-sky
temperature inversion strength in the cold season in Arctic is derived from TIROS-N operational
vertical sounder (TOVS) data using 2-channel statistical method. The spatial distributions of the
monthly mean satellite-derived clear-sky inversion strength in Arctic in November, December,
January, February, March, and in the winter season are presented. The inversion strength trends based
on the monthly mean data are also derived and shown. Both increasing and decreasing trends are
revealed in the cold season for different regions in Arctic.

Introduction

Low-level atmospheric temperature inversions are ubiquitous at high latitudes during the polar winter,
and are the dominant feature of the atmospheric temperature field in the Arctic (Curry et al. 1996).
Temperature inversions in the polar regions may result from radiative cooling, warm air advection
over a cooler surface layer, subsidence, cloud process, surface melt and topography (Vowinkel and
Orvig 1970; Maykut and Church 1973; Busch et al. 1982; Curry 1983; Kahl 1990; Serreze et al.
1992). Temperature inversions influence the magnitude of heat and moisture fluxes through openings
in the sea ice, the depth of vertical mixing in the boundary layer, pollution gases and aerosol transport,
photochemical destruction of boundary-layer ozone at Arctic sunrise, surface wind velocity, and lead
formation (Andreas 1980; Andreas and Murphy 1986; Barrie et al. 1988; Barry and Miles, 1988).



Temperature inversion information can be directly derived from radiosonde data, but such radiosonde
data are rare over ocean and sparse over land in Arctic. Satellites provide an appealing opportunity to
monitor the clear-sky temperature inversions in the polar regions. Liu and Key (2003, hereinafter
referred to as LKO03) developed an empirical algorithm to detect and estimate the characteristics of
clear-sky, low-level temperature inversions using the data from the Moderate Resolution Imaging
Spectroradiometer (MODIS) on the Terra and Aqua satellites. However, MODIS does not provide a
long enough time series for climatological analyses. The TIROS-N Operational Vertical Sounder
(TOVS), which provides continuous measurements of the earth’s surface and atmosphere since 1979,
has the similar channels used by the MODIS algorithm, which provides an opportunity to study the
long-term change of temperature inversion.

In this paper we adapt the empirical method developed for MODIS to TOVS data for the period 1980-
1996, thereby providing the opportunity to study the spatial distribution and temporal trends of clear-
sky, low-level temperature inversion characteristics. Of primary interest is the inversion strength
(INVST), defined as the temperature difference between the surface and top the inversion.

Data

The radiosonde data in this study are obtained from Historical Arctic Rawinsonde Archive (HARA).
All the soundings are processed with quality control using the method described by Serreze et al
(1992). The twice-daily soundings data from 1979 to 1996 from 61 stations are used to match the
TOVS data. In this study, the inversion base is defined by the station elevation, and the inversion top
is the atmosphere layer, which is lower than 700 hPa, with the maximum temperature. Isothermal
layers at the base, atop, or embedded within an inversion layer are included. Thin layers with a
decrease of temperature with height provided they are not more than 100m in depth are included.

TOVS brightness temperatures (BT) at 7.3 pm and 11 um are used in the inversion strength retrieval.
The TOVS data used in this study includes NOAA-6 (1979-1982), NOAA-7 (1983-1984), NOAA-9
(1985-1986), NOAA-10 (1987-1991), NOAA-11 (1992-1994) and NOAA-12 (1995-1996) data. The
spatial resolution of the original TOVS brightness temperature data is 17 km at nadir. Cloud detection
tests described by Chedin et al. (1985) and Francis (1994) are applied to distinguish clear from cloudy
scenes.

Theoretical Basis And Method

Under clear conditions, temperature inversion strength can be estimated using brightness temperatures
from satellite data. The peaks of the weighting functions for the 7.3, 11 um channels are
approximately 650 hPa, and the surface, respectively. The brightness temperature of the window
channel at 11 pm, BTy, will be most sensitive to the temperature of the surface. The 7.3 um water
vapor channel brightness temperature, B753, has most contribution from the layers around 650 hPa.
The magnitude of the brightness temperature difference (BTD) between the 7.3 pm and 11 pum
channels, BT73-BT11, will therefore be related to the temperature difference of the inversion top and
the surface, which is related to the inversion strength.



The inversion strength retrieval algorithm described by Liu and Key (2003) is based on radiosonde-
satellite data matched pairs, and similar approach is used in this study. Radiosonde data from 61
stations in Arctic, and TOVS brightness temperature data from 1980 though 1996 are used to find the
matched pairs between inversion strength derived from radiosonde data and TOVS BTs under only
clear-sky conditions. Figure 1 shows the relationship between inversion strength and B773-BT\; for the
cases in all seasons of a year, and for the cases in the cold season, which only includes November,
December, January, February, and March. For the matched cases of all seasons (Figure 1(a)), when
BT;;- BTy, is larger than —10 K, the inversion strength is well linearly related to BT7;- BT1;; when
BT7;5- BTy, is less than —10 K, there is no linear relationship between inversion strength and BT 3 -
BT\1. For the matched cases in the cold season (Figure 1(b)), most cases have BT73- BT\ larger than —
10 K, which leads to a good linear relationship between inversion strength and B773 - BT11. The
different relationships of B775- BT); and inversion strength between the cold season and warm season
might come from the difference of moisture profiles in cold season and warm season where the warm
season includes the months not included in the cold season. In the cold season, the water vapor
content of the whole atmosphere column is low, which might enable the BT 3 reflect the information
of the inversion top; while in the warm season, the high water vapor content of the atmosphere might
weaken the ability of B775to see the inversion top. For this reason, this study only focuses on the
inversion strength in the cold season.
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Fig. 1: Relationship between inversion strength and BT~ ;-BT+, for (a) all seasons, and
(b) for cold season. The square represents the cases without temperature inversion.
The diamond represents the case with BT; 3-BT;4 less than —10 K. The star represents
the case with BT, 3-BT, larger than —10 K.

In the cold season, the inversion strength can be estimated by the linear combination of BTy, BT75 -
BT, and (BT;5 - BTy))°, with the coefficients determined by linear regression, when BT - BT}, is
larger than —10 K. In this study, the equations used to retrieve inversion strength are:

INVST = ag +a, * BT\, + a,* (BT - BT\)) + as * (BTy5 - BTh,)
The coefficients are ay, a;, a,, and a;. When BT 3-BT1; is less than —30 K, the estimated inversion
strength is defined as 0 K. In the cold season, there are a few cases with BT;5-BT;, between —30 K and
—10 K, and inversion strength are 0 K for some cases and larger than 0 K for the others. The estimated
inversion strength is defined to linearly increase from 0 K to 2 K when BT73-BT, increase from —30



K to—10 K. In this study, one set of regression coefficients in the inversion strength retrieval equation
is determined for each year from 1980 through 1996, based on all the matched pairs between TOVS
brightness temperature and inversion strength from radiosonde data in that year.

After getting the retrieval equation coefficients for each year, the initial TOVS clear-sky BTs are
converted to inversion strength using the inversion strength retrieval equations. Then the estimated
inversion strength is mapped to the 100 km x 100 km Equal-Area Scalable Earth Grid (EASE-Grid)
based on longitude and latitude of the original TOVS data. For each day, a composite map of clear-
sky inversion strength over the region north of 60°N is created. The monthly mean inversion strength
on each EASE-Grid is calculated as the mean of all the daily composite inversion strength on that grid
in a month, which include inversion strength equal zero. The seasonal mean inversion strength is
derived as the mean of monthly mean in that season. Only BTs from two channels are used to derive
the inversion strength, so the retrieved strength is called the 2-channel statistical inversion strength.

Result

Figure 2 gives the spatial distribution of monthly mean statistical inversion strength in Arctic under
clear-sky condition in November, December, January, February, March, and winter (DJF) averaged
over the period 1980-1996. The spatial distributions of statistical inversion strength have similar
pattern in Arctic from November to March, but with different magnitudes. The lowest statistical
inversion strength is over GIN Seas, Barents Sea, and North Europe, which is attributable to the
turbulent mixing over open water and high cloud cover in this region during the winter time (Serreze
et al. 1992); The mean statistical inversion strength increases eastward, then followed by the decrease
over Alaska Region. Over land, the strong statistical inversion strength is over North Russia and
North Canada, with the strongest near several river valleys in North Russia due to the strong radiation
cooling under clear conditions. Over Arctic Ocean, the mean statistical inversion strength has the
highest value over the pack ice in Canada Basin, then decrease radially outward, with the lowest
values in the coastal regions north of North Russia and Alaska region.

Over ocean, the mean statistical inversion strength has the highest value in February and lowest value
in November, around 16 K in February and 12 K in November over the pack ice in Canada Basin.
Over North Europe, the highest statistical inversion strength is in January and February, and lowest
value in November and March. Over North Russia and Alaska Region, the highest statistical
inversion strength is in January, and lowest value in March. The North Canada has the highest value
in January and lowest value in November.

The monthly trend of the 2-channel statistical inversion strength over Arctic region under clear
conditions in November, December, January, February, March, and winter (DJF) from 1980-1996 is
shown in Figure 3 based on the monthly mean data, and the trend with confidence level larger than
90% based on F test is labeled with + symbol in the figure. The trend distribution has similar pattern
in December, January, and February. As the trend shown as the winter average, which is based on the
seasonal mean statistical inversion strength, the inversion strength decreases over Laptev Sea and
Chukchi Sea with average rate around —0.15 K/Year; the inversion strength decreases over northern
Europe with average rate around —0.13 K/Year; the inversion strength increases over North Central



Mean INVST using 2—channel statistical method, 1980-1996
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Fig. 2: Monthly mean clear-sky inversion strength (K) in November, December,
January, February, March, and winter (DJF) over 1980-1996 using 2-channel
statistical method.

INVST trend using 2—channel statistical method, 1980-1996
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Fig. 3: Monthly trend of clear-sky inversion strength (K/Year) in November,
December, January, February, March, and winter (DJF) over 1980-1996 using 2-
channel statistical method. The trend with confidence level larger than 90% based on
F testis labeled with +.



Russia with rate around 0.1 K/Year; and the increases are also over part of Northeastern Russia, and
region between Sevemaya Zemlya and north pole with rate of 0.13 K/Year. All the changes are
statistically significant over 90% confidence level based on F-test. Also, the inversion strength
increases over some region of North Canada, Canada Archipelago Seas. In March, the inversion
strength decreases significantly over Laptev Sea, Chukchi Sea, and Beaufort Sea with the rate over —
0.1 K/Year; and decreases in regions surrounding Novaya Zemiya, and over North Central Russia
with the rate over —0.1 K/Year; the decreasing rate over North Europe is over —0.05 K/Year. In
November, the significant decrease of the inversion strength is over Chukchi Sea, and Beaufort Sea
with the rate over —0.1 K/Year; there is insignificant increase of inversion strength over the region
between North Europe and North Central Russia with the rate around 0.1 K/Year. In both March and
November, there is significant increase over part of Alaska Region with the rate around 0.08 K/Year.

Summary

The 17-year time series of clear-sky temperature inversion strength in the cold season in Arctic is
derived from TOVS data using both 2-channel statistical method, and based on TOVS retrieved
temperature profiles. Both the 2-chanel statistical and profile monthly mean inversion strength have
similar spatial distribution, but the profile inversion strength monthly mean has smaller magnitude.
For the 2-channel statistical retrieval method, using one retrieval equation for each year from 1980
through 1996 alleviates the inter-satellite calibration problem. The satellite derived clear-sky monthly
mean and trends of 2-channel statistical inversion strength agree well with the weather station based
all-sky monthly mean and trends of inversion strength in the cold season, while the profile monthly
mean inversion strength has low bias. The weakest temperature inversion in the cold season is over
Norwegian Sea, Barents Sea, and over North Europe and increases eastward. Inversion strength has
the larger mean value over the pack ice and highest value near several river valleys in the Euroasian
Arctic. Over ocean, the monthly mean inversion strength has the highest value in February and lowest
value in November. Over land, the highest monthly mean inversion strength is in January, and lowest
value in March.
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