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Abstract

A new version of the upper tropospheric water vapor dataset is developed using inter-
satellite calibrated all-sky High-Resolution Infrared Radiation Sounder (HIRS) data. In
this dataset, the majority of pixels that do not affect the water vapor processing in the
upper troposphere are retained. Compared to the previous version that was based on5

column-clear-sky data, the new version has a much better daily spatial coverage and
provides a better representation of the atmosphere. The HIRS observation patterns
are compared to microwave sounder measurements. The differences between the two
types of sounders are examined, and the analysis displays that the differences vary
with respect to brightness temperature. An examination of the correlations of the HIRS10

upper tropospheric water vapor with major climate indices shows that the dataset is
well correlated with climate indices especially in cold seasons. The selected climate in-
dices track climate variation signals covering regions from the tropics to the poles. The
correlation analysis shows the potential of using the upper tropospheric water vapor
dataset together with a suite of many atmospheric variables to monitor regional climate15

changes and locate global teleconnection patterns.

1 Introduction

With data starting in 1978, the High-Resolution Infrared Radiation Sounder (HIRS) has
the longest record among satellite sounding measurements. The satellites carrying
HIRS include the Television Infrared Observation Satellite (TIROS-N), the operational20

National Oceanic and Atmospheric Administration (NOAA) polar orbiting satellite se-
ries (hereafter abbreviated as NOAA-#, where # is the satellite number), and the Me-
teorological Operational Satellite Program (METOP). There are 20 channels in a HIRS
instrument, among which channel 12 measures the upper tropospheric water vapor
(UTWV). The measurement has facilitated numerous studies on large scale circula-25

tions and associated atmospheric systems.
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Among these studies, Bates et al. (1996), McCarthy and Toumi (2004), and Shi and
Bates (2011) showed that UTWV closely tracks the El Niño – Southern Oscillation
(ENSO) evolutions. Bates and Jackson (2001) examined the strong interaction be-
tween tropical and mid-latitude planetary waves based on UTWV data. Using UTWV
as one of the datasets, Sohn and Park (2010) studied tropical circulations in the past5

three decades. Soden et al. (2005) examined the moistening of the upper troposphere.
A long-term UTWV dataset was used in the evaluation of climate model simulations
(Iacono et al., 2003). The trend and variability of UTWV were analysed in various stud-
ies (Geer et al., 1999; Bates and Jackson, 2001; Bates et al., 2001; McCarthy and
Toumi, 2004). These large-scale studies have been based on column-cloud-cleared10

data. But as the distribution of cloud frequencies ranges from ∼0.20 to ∼0.95 (Wylie
et al., 2007), column-cloud-cleared data may not be representative of many weather
systems. Using measurements from microwave sounders, John et al. (2011) illustrated
possible limitations of clear-sky data. To expand the applications of the UTWV data, we
develop a new HIRS UTWV dataset with improved sky-coverage.15

2 UTWV data

For over three decades, HIRS measurements have been made from more than a dozen
satellites. Due to differences in the channel spectral response functions and indepen-
dence in each instrument’s calibration, biases exist from satellite to satellite (Shi et al.,
2008). Based on overlapping satellites’ zonal averages from the equator to the poles,20

Shi and Bates (2011) quantified intersatellite biases on TIROS-N, NOAA satellite se-
ries, and METOP-A. These intersatellite bias corrections are applied in the present
study to adjust HIRS measurements to the same base satellite (NOAA-12) as that in
the previous column-clear-sky version of UTWV to form a climatologically homogenized
time series.25
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2.1 Removal of upper tropospheric clouds

HIRS UTWV processing can be affected by clouds in the upper troposphere. Clouds
that penetrate through the upper troposphere and tropopause are usually associated
with deep convective systems characterized by very low infrared brightness tempera-
tures, therefore cold brightness temperatures in the window channel (near 11 µm) have5

been commonly used in identifying penetrating clouds. When studying infrared satel-
lite images of the oceanic warm-pool region (80◦ E–160◦ W), Mapes and Houze (1993)
found that half of the very cold (<208 K) cloudiness is contributed by cloud clusters
greater than 20 000 km2 in size, while half of the moderately cold (<235 K) cloudiness
is contributed by cloud clusters greater than 100 000 km2 in size. Machado et al. (1998)10

and Rossow and Pearl (2007) identified deep convective cloud systems with infrared
brightness temperatures less than 245 K. Machado et al. (1998) also stipulated that
deep convective cloud systems contain some embedded convective clusters with in-
frared brightness temperatures less than 218 K. Zuidema (2003) observed organized
convective activity over the Bay of Bengal in very cold cloud tops (infrared brightness15

temperature <210 K). Other studies used the brightness temperature differences be-
tween the upper tropospheric water vapor channel and the window channel to identify
penetrating clouds (Soden, 2000; Chung et al., 2008; Young et al., 2012). Soden (2000)
identified clouds in the upper troposphere where the differences of the window channel
and the upper tropospheric water vapor channel are less than 25 K.20

Following the approaches in past studies, we apply these criteria to remove clouds
in the upper troposphere: window channel 8 brightness temperature Tch8 ≤235 K (cold
cloud top), or water vapor channel 12 (at 6.7 µm) brightness temperature Tch12 ≤210 K
(radiation from a very cold cloud top), or Tch8 – Tch12 ≤25 K (high channel 12 radiation
from cloud-top emission and overlying water vapor emission compared to emission25

from window channel). The threshold values are adjusted over polar regions to ac-
count for the very low temperatures over land and ice surfaces during cold months, for
which Tch8 ≤210±5 K (+5 for the northern polar region and −5 for the southern polar
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region), Tch12 ≤200 K, and Tch8 – Tch12 ≤5 K. The cloud detection method identifies
about 22–25 % of pixels as clouds in the upper troposphere. In a cloud statistics study
using HIRS, Wylie et al. (1994) showed that the global total cloud frequency above
400 hPa is 23.9 %. The frequency of upper tropospheric clouds identified in the present
work is consistent with the cloud frequencies found in Wylie et al. (1994)’s study and in5

a subsequent study (Wylie et al., 2005). As a comparison, the cloud-removal process in
the previous column-clear-sky version identified about 70 % of pixels as cloudy pixels.

2.2 Comparison with the previous column-clear-sky version

The previous version of the HIRS UTWV data was based on column-clear-sky data
(Shi and Bates, 2011). When there was any cloud in the entire column of the atmo-10

sphere, the pixel was removed. This included clouds in the mid- and low levels of
the atmosphere. Figure 1 exhibits a comparison of the new version with the previous
column-clear-sky version for a typical daily observation in a winter month. The data
are mapped to 2.5×2.5◦ grids. The upper panel displays the new version of UTWV
data for 15 January 2011, and the lower panel displays the previous column-clear-sky15

version for the same day. The areas in black have no data. In the upper panel, though
a proportion of pixels are identified as clouds in the upper troposphere and removed,
there are usually remaining clear-sky pixels in a grid area, so most grids are filled. For
the UTWV brightness temperature observation within the tropics where temperature
gradient is small, large brightness temperature values are associated with dry regions20

where the sensor can “see” to lower atmosphere, while smaller values are associated
with moist regions.

Figure 1 shows that for the previous version, large areas of data are removed due to
the presence of clouds in any level of the atmosphere. In addition to data associated
with convective systems, a lot of these data are associated with low level stratiform25

clouds. Over a few mid- to high- latitude places, though, there are more missing data
in the new version. These places tend to be the areas having very cold temperatures
in winter months. For these scenarios the high-level-cloud removal procedure will need
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to be improved for future versions. The missing-data areas in the lower panel of Fig. 1
usually correspond to low values of brightness temperatures (indicating high amounts
of water vapor) in the upper panel. For the grids that contain data in the lower panel,
the brightness temperature values are generally larger than those in the upper panel.
When cloudy pixels are removed from a grid area, the remaining column-clear-pixels5

are usually drier, and thus have higher grid-averaged values of brightness temperatures
compared to the same grid in the upper panel. The column-clear-sky version of the
dataset is unique in identifying dry areas, but the cloud-removing process essentially
removed the UTWV pixels with high water vapor content (pixels with low brightness
temperature values). The new version is able to retain the high water vapor content10

pixels and has a much better spatial coverage of the water vapor field.
Figure 2 compares 33-yr (1979–2011) climatology of the new (top panel) and the pre-

vious (middle panel) version. On both maps the locations of maximum and minimum
UTWV areas are consistent with each other. Both show low values of brightness tem-
peratures (corresponding to higher humidity) over Indonesia, equatorial South Amer-15

ica, and central Africa. High values of brightness temperatures (corresponding to dryer
areas) are found over zonal belts along 20◦ S and 20◦ N. However the brightness tem-
perature values in the new version are less than those in the previous version. The
brightness temperature gradients in the new version are generally larger.

The differences between the new and the previous version are displayed in the bot-20

tom panel of Fig. 2. The panel shows that the largest differences (about −5 K) are
located over the western equatorial Pacific Ocean and equatorial Indian Ocean, where
convective weather systems frequently occur. Large differences of −3 K to −5 K are
seen in areas of relatively high cloud frequencies. Most of these areas with large dif-
ferences overlap with those with total cloud frequencies of more than 80 % in low and25

mid- latitudes as shown in Wylie et al. (2005). In a grid, the UTWV values of pixels
over clouds are generally lower than those of clear-sky pixels due to higher humidity
content over clouds. By retaining the pixels over low and middle clouds, the averaged
grid values become lower compared to the averaged values of column-clear-sky pixels.
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Soden and Lanzante (1996) investigated the impact of the clear-sky sampling restric-
tion upon the HIRS moisture climatology. Their study compared clear-sky and total-sky
radiosonde observations and suggested that the clear-sky sampling limitation can in-
troduce a modest dry bias in the satellite derived clear-sky climatology. In a subse-
quent study, Lanzante and Gahrs (2000) showed that the effects of any such bias are5

relatively small in the extratropics but may be 5–10 % in the most convectively active
regions in the Tropics. The bottom panel of Fig. 2 displays the heterogeneous nature
of dry biases. The large dry bias resulted from clear-sky sampling is located over the
equatorial western Pacific Ocean with extension to the Eastern Indian Ocean. The
dry bias is much smaller over the southern low-latitude eastern Pacific Ocean and the10

southern low-latitude Atlantic Ocean. In a study that used microwave sounder mea-
surements to examine column-clear-sky sampling issues, John et al. (2011) illustrated
bias values in terms of relative humidity for January and July 2008. Many of the areas
with differences of −3 K to −5 K in Fig. 2 of the present study are in the areas with
column-clear-sky relative humidity bias values of −5 % to −15 % in Fig. 7 of John et15

al. (2011).
There are several areas where differences between the new and the previous version

are close to zero. Over the low and mid- latitudes these small difference areas are
located in the eastern South Pacific between the equator and 30◦ S, the South Atlantic
between the equator and 30◦ S, and the northern Africa and Saudi Arabia. These small20

difference areas mostly correspond to places with less cloud coverage. Where cloud is
rare, the difference between the two UTWV versions is minimal.

2.3 Monthly climatology

Using 33 yr of data from 1979 to 2011, we derived the climatological mean of each
month (Fig. 3). The basic patterns in the tropics are similar to those in Wu et al. (1993),25

who displayed 1981–1988 UTWV monthly climatology from 45◦ N to 45◦ S. Figure 3
shows that in January, there is a long dry belt in the northern tropics, strongest over
the tropical Pacific. The driest regions are usually in the descending branch of the
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general circulation such as the Hadley Cell. An UTWV image is often better at locating
the descending branch of the general circulation than are fields of cloud or outgoing
longwave radiation because neither of those fields can tell if one cloud-free region is
dryer than another, but the water vapor field can. In January, moist regions are found
south of the equator. The organized moist belt is usually associated with the Inter-5

tropical Convergence Zone (ITCZ). In July, the moist regions are north of the equator,
while the driest belt is in the southern tropics. The brightness temperature gradient is
smallest in April, indicating weak general circulations.

3 Comparison of HIRS and microwave sounder measurements

3.1 Microwave sounder data10

The Advanced Microwave Sounder Unit-B (AMSU-B) instruments have been onboard
NOAA satellites NOAA-15 to NOAA-17. A similar instrument, Microwave Humidity
Sounder (MHS), has been on board the satellites in the Initial Joint Polar-Orbiting Op-
erational Satellite System (IJPS) series. Among several channels on the microwave
sounders, one channel is in 183.31+/−1.00 GHz for making measurements of upper15

tropospheric water vapor. Microwave observations are affected by precipitating ice
clouds, therefore ice cloud pixels are removed using a method developed by Buehler
et al. (2007). Data from microwave sounders on NOAA-17 and METOP-A (one of the
satellites in the IJPS series) are then combined to obtain daily gridded files of bright-
ness temperatures on a 2.5×2.5◦ resolution. The comparison is done only for January20

and July 2008, similar to the analyses of John et al. (2011).

3.2 Comparison results

Figure 4 displays HIRS and microwave UTWV brightness temperatures and their dif-
ferences for January and July 2008. Bottom panels show the differences (microwave
minus HIRS) as functions of microwave brightness temperatures. Red symbols show25
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mean differences and their standard deviations for 5 K brightness temperature bins.
John et al. (2011) compared almost-all-sky and column-clear-sky AMSU-B upper tro-
pospheric humidity, and found that there is considerable bias in the column-clear-sky
data set compared to almost-all-sky microwave measurements due to under-sampling
of humid cases in the presence of clouds. They also showed that the clear-sky bias is5

significantly correlated with upper tropospheric humidity. In the present study we do a
similar analysis to see how the new version of HIRS data compares with microwave
measurements and whether the differences have a dependence on the humidity val-
ues.

Higher HIRS brightness temperatures are measured in the dry subsidence regions10

and lower brightness temperatures are measured over convectively active, humid ITCZ
and monsoon regions (Fig. 4a and b). Microwave brightness temperatures displayed in
panels c and d show similar patterns as those in panels a and b, but are about 7–10 K
higher compared to HIRS brightness temperatures, owing to differences in water vapor
emissivity at infrared and microwave frequencies. The microwave measurements are15

sensitive to a slightly lower layer in the upper troposphere compared to HIRS measure-
ments, which also contributes to the differences.

The difference between the brightness temperatures should be larger for dry re-
gions and smaller for humid regions because in a drier atmosphere the microwave
channel requires a longer path length to get saturated compared to that in a humid20

atmosphere, so it samples a lower level of the atmosphere. Panels e and f show the
distribution of brightness temperature differences and panels g and h show the bright-
ness temperature differences as a function of microwave brightness temperatures. On
average microwave brightness temperatures are 9 K higher than HIRS brightness tem-
peratures for very dry cases (>265 K). As the brightness temperatures become lower,25

the differences decrease. At about 250 K the differences start to increase slightly with
decreasing brightness temperatures for very wet cases. This differs from the clear-sky
bias shown in John et al. (2011). The increased differences for brightness tempera-
tures below 250 K indicate the possibility of a few cloudy pixels being included in the
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new HIRS data set. These cloudy pixels may come from thin cirrus clouds that are
difficult to detect or from clouds with tops in the lower portion of the upper troposphere.

4 A survey of UTWV correlations with climate indices

The analysis of column-clear-sky UTWV by Shi and Bates (2011) showed that distri-
butions of UTWV are closely related to several climate indices, including the Pacific5

Decadal Oscillation (PDO) index, the Pacific and North America (PNA) index, and the
East Central Tropical Pacific Sea Surface Temperature (Nino3.4) index. As an update,
the one-point (pairwise) correlation maps between channel 12 brightness temperatures
and these climate indices are re-computed using the new version of HIRS UTWV. In
the present study we also extend the examination to several additional, widely used10

climate indices, including the North Atlantic Oscillation (NAO), Artic Oscillation (AO),
and Antarctic Oscillation (AAO) indices to provide a survey of the relationship of UTWV
with a wider range of major climate indices. The selected climate indices cover different
geographic regions from the tropics to the poles, and their phases range from weeks
to multi-decades. The mean distribution of water vapor in the upper troposphere is a15

result of large-scale circulations. The correlations can show how closely the UTWV
distribution relates to the atmospheric variables used in tracking climate indices. The
analysis also detects teleconnection patterns of UTWV with climate indices in various
regions of the world.

4.1 Correlation with Niño 3.4 index20

The Niño 3.4 index is based on the anomalies of sea surface temperature (SST) of
the region 5◦ N–5◦ S and 120–170◦ W. It is often used to define El Niño – Southern
Oscillation (ENSO) events (Trenberth, 1997). To objectively locate areas that have large
association with ENSO, we computed correlations between the time series of UTWV
at each grid point and the time series of Niño 3.4 SST anomaly (Fig. 5). The top panel25
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displays the correlation map taking each of the months into consideration (labelled as
“Year-round”). The middle and bottom panels display correlation maps for December,
January, and February (DJF) and for June, July, and August (JJA), respectively. As
lower values of UTWV brightness temperatures generally represent higher water vapor
contents, negative correlations (blue colors) in the figure reflect positive correlations5

between higher water vapor and Niño 3.4 index.
The top panel shows that the highest absolute correlation (−0.6) between UTWV

brightness temperatures and Niño 3.4 anomalies is over the central equatorial Pacific.
The highest correlation of the opposite sign (0.6) is centered over the western Pa-
cific near Indonesia. Positive correlation areas are also found in the subtropics, one at10

20–30◦ N and another at 20–30◦ S over the Pacific. These areas with positive correla-
tions correspond to descending branches of the atmospheric circulations. When Niño
3.4 SST increases, the atmospheric circulation transports more moisture into the up-
per troposphere over the central and eastern equatorial Pacific, while the subsidence
dries the upper troposphere over both the northern and southern subtropical Pacific.15

The increase of SST in the eastern Pacific can affect regions outside of the tropics
by altering prevailing wind patterns around the globe. For example, negative correla-
tions (positive correlations between water vapor and Niño 3.4 SST) are found over the
subtropical South Indian Ocean and eastern South Pacific Ocean. The DJF correlation
pattern (middle panel) is similar to the year-round pattern, but with higher correlations20

in both negative and positive regions, confirming that the ENSO events are more active
during the boreal winter season. During JJA (lower panel) the correlation pattern dif-
fers significantly from that in DJF. Though there is still a high negative correlation belt
along the central equatorial Pacific, the high positive correlation area over the north-
ern subtropical Pacific is largely replaced by negative correlations, indicating a different25

location of the descending branch of general circulation in JJA.
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4.2 Correlation with PDO index

The PDO index is tracked from observed Pacific Ocean SST and sea level pres-
sure patterns (Mantua et al., 1997). The signature of PDO is most significant in the
North Pacific and North America, with secondary signatures in the tropics (Mantua and
Hare, 2002). Minobe (1999) found that 20th century PDO fluctuations were most en-5

ergetic around bidecadal and half-century time-scales. PDO phases are much longer
than ENSO events which typically last for 6 to 18 months. However, there is a strong
linkage between PDO and ENSO events. For example, Newman et al. (2003) found
that both interannual and decadal timescales of PDO can be well modeled as the sum
of direct forcing by ENSO.10

The correlations between channel 12 brightness temperatures and the PDO index
are shown in Fig. 6. Negative correlations with brightness temperature reflect positive
correlations between water vapor and the PDO index. The middle panel of Fig. 6 shows
that in DJF relatively large negative correlations are found in mid-latitudes of the Pacific
Ocean and in the eastern-central equatorial Pacific. There is a positive correlation area15

in the eastern Pacific near 20◦ N. In JJA, the correlation pattern in the northern Pacific
Ocean is less distinct compared to DJF. Taking 12 months into consideration, there is
a negative correlation belt extending from the mid-latitude Pacific Ocean, across the
Asian continent, and into Europe. Subsidence along 20–30◦ N over the Pacific reduces
water vapor and enhances positive correlations with brightness temperature.20

4.3 Correlation with PNA index

The PNA pattern is one of the low-frequency variabilities in the northern extratropics.
Wallace and Gutzler (1981) first identified the correlated mid- to upper-tropospheric
geopotential heights over the North Pacific and North America. The positive phase of
the PNA is characterized by a region of above-average geopotential heights at 500 hPa25

and 700 hPa in northern Canada and the northweastern United States and an area
around Hawaii. In the meantime below-average geopotential heights are centered in
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mid- to high latitudes over the North Pacific and in the southeastern United States.
Calculation of the PNA index was described in detail by Barnston and Livezey (1987),
and the sensitivity of the index and the pattern to analysis technique were also studied
by van den Dool et al. (2000) and Chen and Van den Dool (2003). The PNA pattern is
present on time scales from weeks to years (Blackmon et al., 1984). Studies found that5

the PNA index is closely related to regional climate in various parts of the world such
as temperature and precipitation of the United States (Leathers et al., 1991), Indian
summer monsoon rainfall (Peings et al., 2009), and sea ice over the western Arctic
(L’Heureux et al., 2008).

Figure 7 displays the correlations of HIRS channel 12 brightness temperatures with10

the PNA index. The lower left panel of Fig. 7 shows that during boreal winter (DJF)
there are high correlations of UTWV with the PNA index. The PNA is associated with
a wave train that originates in the subtropical Pacific, extends northeastward to North
America, and then reflects southeastward to the tropical Atlantic. Evidence for this wave
train can be seen in the alternating positive and negative correlations with UTWV. Par-15

ticularly notable is the broad area of positive correlations near Hawaii. The positive
PNA is associated with an enhanced subtropical ridge in this region, and the positive
correlations are consistent with the associated drying. Schreck et al. (2012) found a
similar relationship between UTWV and the subtropical ridge that was associated with
the Madden-Julian Oscillation. The PNA is a winter pattern so during boreal summer20

(JJA) the correlations are generally small. The year-round pattern (top panel of Fig. 7)
is similar to but weaker than that for DJF. Compared to a typical positive phase of PNA
pattern in which there is a region of below-average geopotential heights over the south-
eastern United States, the UTWV year-round correlation map shows negative correla-
tions in lower latitudes (around Cuba) and extends more significantly to the east. The25

southward-displaced negative correlations are likely the result of higher water vapor
content in the tropics.
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4.4 Correlation with NAO index

Another low-frequency pattern that reflects large-scale changes in the atmospheric
wave and jet stream patterns over North America, Europe, and North Africa is tracked
as the NAO index. The NAO pattern was also identified by Wallace and Gutzler (1981).
The positive phase of NAO is characterized by above-average geopotential heights5

over the subtropical-midlatitude Atlantic Ocean and western Europe. There is an area
of associated below-average geopotential heights around Greenland and Iceland. In
summer the NAO has a smaller geographical scale than in winter, and low pressure
over Greenland is associated with high pressure from the United Kingdom to Scan-
dinavia (Folland et al., 2009). Many studies showed profound influences of NAO on10

various regional climates, such as the North Atlantic cloud cover and marine response
to NAO (Previdi and Veron, 2007; Patara et al., 2011), teleconnection between NAO
and climate downstream of the Tibetan Plateau (Li et al., 2008), the influence of NAO
on European precipitation (Vicente-Serrano and López-Moreno, 2008; Folland et al.,
2009), the influence of NAO on air pollution transport (Christoudias et al., 2012), and15

the relationship of Great Lakes ice cover variability to NAO (Bai et al., 2012).
Figure 8 displays the correlation map between HIRS channel 12 brightness temper-

atures and NAO. In winter (lower left panel) the correlation pattern is in good agree-
ment with the positive phase of NAO. High positive correlations (dry air) are found over
Mediterranean and Europe. Other positive correlation areas are located over the United20

States, eastern Russia, and an area stretching from Arabian Sea and southern India
to the northern Indian Ocean. There is a center with large negative correlations over
Greenland. Another negative correlation area around 10◦ N of the eastern Atlantic is
also prominant. During summer months (lower right panel) the limited area of modest
possitive correlations over Europe is consistent with the high pressure region described25

by Folland et al. (2009). The year-round correlation map also resembles the positive
phase of the winter NAO, but is weaker.
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4.5 Correlations with AA and AAO indices

With observations from polar-orbiting satellites, HIRS data have a complete areal cov-
erage of the polar regions on a daily basis. This makes it possible to examine the
correlations of HIRS channel 12 brightness temperatures with two polar climate in-
dices, the AO and AAO. The patterns of AO and AAO are defined as the first leading5

mode from the emperical orthogonal function analysis of monthly mean height anoma-
lies at 1000 hPa in the Northern Hemisphere for AO and at 700 hPa in the Southern
Hemisphere for AAO. In the positive phase of AO, there is a positive anomaly region
over the eastern North Atlantic and western Europe between 40◦ and 50◦ N, and an-
other positive region over the central North Pacific at 50◦ N. Negative anomalies are10

found around the north pole. In the positive phase of AAO, there is a belt of positive
anomalies in the southern Indian Ocean between 40◦ and 50◦ S and there is another
positive anomaly region in the southern Pacific near southern New Zealand. Negative
anomalies are centered over Antarctica.

The AO and AAO have profound influences on environmental variables in high lat-15

itude regions. For example, Yu et al. (2012) used both surface observational data
and global models to show that among several climate indices including the AAO,
the Pacific-South American teleconnection and ENSO, the most important contribu-
tion to the trends of Antarctic sea level pressure and surface temperature comes from
AAO. Numerous studies showed that AO and AAO also have far-reaching influences20

beyond polar regions. Lim and Schubert (2011) revealed that both winter mean tem-
perature anomalies and the number of days of extreme cold in the southeast United
States are closely linked to variations in AO especially in the recent past (1981–2008).
Choi et al. (2012) showed that the frequency of summer tropical cyclones in Japan,
Korea, and Taiwan in the middle latitudes of East Asia, has a positive correlation with25

AO occurring during the preceding spring, while summer tropical cyclone frequency in
the Philippines, located in the low latitudes, has a negative correlation with the AO of
the preceding spring. Park et al. (2011) studied changes in the characteristics of cold
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surges over East Asia associated with the Arctic Oscillation (AO) and found that the
blocking type of cold surge tends to occur during negative AO periods. Since the AO
and AAO have the largest variability during the cold sesaons, the loading patterns pri-
marily capture characteristics of the cold season patterns. However, Rigor et al. (2002)
found that the memory of the wintertime AO has its signals through most of the sub-5

sequent year. Spring and autumn surface air temperature and summertime sea ice
concentration are all strongly correlated with the AO index for the previous winter. It
was hypothesized that these delayed responses reflect the dynamical influence of the
AO on the thickness of the wintertime sea ice, whose persistent “footprint” is reflected
in the heat fluxes during the subsequent spring, in the extent of open water during the10

subsequent summer, and the heat liberated in the freezing of the open water during
the subsequent autumn.

Figures 9 and 10 display the correlations of HIRS channel 12 brightness tempera-
tures with AO and AAO, respectively. Figure 9 shows that the highest positive correla-
tion with the AO is found in DJF over Europe. The year-round pattern is similar to the15

DJF pattern, but weaker. Comparing to the positive AO 1000 hPa geopotential pattern,
the most significant positive correlation region over eastern North Atlantic and Europe
in the DJF and year-round maps is slightly further east. Unlike the positive phase of
AO where there is a single positive geopotential anomaly area over the central North
Pacific in the AO EOF pattern of 1000 hPa height anomalies, in both the DJF and the20

year-round correlation maps there are two possitive correlation centers, one over north-
east Asia and another over the northwestern United States. The differences compared
to the 1000 hPa height anomaly AO pattern may be due to drier air over land surfaces
reflected by higher brightness temperatures compared to ocean surfaces. In Figure 10,
the JJA map and year-round map for southern high latitudes closely resemble the pos-25

itive phase of AAO. On the JJA map, in addition to the positive anomaly centers of
the AAO positive phase, there are large positive correlations over the Southeast Pa-
cific, southern Africa, the midlatitude South Atlantic, and near the equator at 150◦ E.
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These high positive correlation features show strong hemisphere-wide teleconnections
of AAO.

5 Summary

A new version of the HIRS UTWV dataset is developed using intersatellite calibrated
all-sky data. In this dataset the only removed pixels are those containing clouds in the5

upper troposphere. Pixels with clouds in the mid- and lower troposphere remain in the
dataset because they do not affect the processing of water vapor in the upper tropo-
sphere. Compared to the previous version of column-clear-sky HIRS UTWV dataset,
the new version is able to retain pixels with high water vapor content and provide a
much better spatial coverage on a daily basis and better represent the water vapor10

field in the upper troposphere.
The observations from HIRS and from microwave sounder measurements show very

similar patterns, though HIRS measurements are about 7–10 K colder than those from
microwave sounders. The differences are larger for dry regions over which the mi-
crowave channel requires a longer path length to become saturated so it samples a15

lower atmospheric level. The differences for cold brightness temperatures are slightly
larger due to possible inclusions of cloudy pixels.

Correlations of UTWV with several major climate indices that represent climate vari-
abilities ranging from the tropics to the poles are examined. The correlation patterns
with Niño 3.4, PDO, and PNA indices are very similar to the results derived from the20

previous version of column-clear-sky UTWV shown in Shi and Bates (2011), confirm-
ing that either the new version or column-clear-sky version is able to capture climate
variabilities in terms of correlations with major climate indices. In the present study, cor-
relations of UTWV with NAO, AO, and AAO indices are also calculated. The correlation
patterns in the cold seasons generally match the positive phases of these high-latitude25

climate indices, though the locations of highest correlations may differ slightly. The dis-
tribution of water vapor in the upper troposphere is a result of atmospheric general
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circulations. The correlation analysis shows the potential of using UTWV in monitoring
long-term changes in large-scale atmospheric circulation and in locating teleconnec-
tions of regional systems with major global climate systems.

As the new version of UTWV dataset is able to provide much better daily spatial cov-
erage, it can be used to track the movement of weather systems globally on daily basis.5

For example, the use of HIRS UTWV to track tropical waves is explored in Schreck et
al. (2012). HIRS UTWV clearly identifies the variance associated with the Madden–
Julian oscillation, equatorial Rossby waves, and Kelvin waves, as well as the subsi-
dence drying that occurs poleward of the MJO’s convection in the subtropics. With
daily global observation, the UTWV dataset adds to the suite of observational mea-10

surements for monitoring weather and climate systems.
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Figure 1. Comparison of one-day’s spatial coverage between the new version and the previous 3 

column-clear-sky version of Shi and Bates (2011). The example is taken from METOP-A 4 

observation on January 15, 2011. 5 

Fig. 1. Comparison of one-day’s spatial coverage between the new version and the previous
column-clear-sky version of Shi and Bates (2011). The example is taken from METOP-A ob-
servation on 15 January 2011.
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Fig. 2. The 33-yr (1979–2011) HIRS UTWV climatology maps for the new version (top panel)
and the previous column-clear-sky version of Shi and Bates (2011) (middle panel). The bottom
panel shows the difference between the two versions.
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Fig. 3. Monthly climatology of HIRS UTWV based on data from 1979–2011.
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Fig. 4. HIRS and microwave UTWV brightness temperatures (TBs) and their differences for
(left) January and for (right) July 2008. Bottom panels show the differences (microwave minus
HIRS) as function of microwave TBs. Red symbols show mean differences and their standard
deviations for 5 K Tb bins.
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Fig. 5. Correlations between UTWV brightness temperature and Niño 3.4 index for year-round,
DJF, and JJA.
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Fig. 6. Correlations between UTWV brightness temperature and PDO index for year-round,
DJF, and JJA.
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Fig. 7. Correlations between UTWV brightness temperature and PNA index for year-round,
DJF, and JJA.
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Fig. 8. Correlations between UTWV brightness temperature and NAO index for year-round,
DJF, and JJA.
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Fig. 9. Correlations between UTWV brightness temperature and AO index for year-round, DJF,
and JJA.
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Fig. 10. Correlations between UTWV brightness temperature and AAO index for year-round,
DJF, and JJA.

33442

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/33411/2012/acpd-12-33411-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/33411/2012/acpd-12-33411-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

