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1. Using the Data That Already Exist
Major hindrances to the correct interpretation of climate observations arise
from sparsity of coverage, resulting in large sampling uncertainties, and
from time-varying biases, resulting in climate records that are not
representative of true climatic variations even at those locations that are
sampled. Time-varying biases in observing station data arise from
instrumental, procedural and local environmental changes. These biases
also affect model-based reanalyses, which are also subject to time-varying
biases through changes in data coverage that modulate the influence of
biases intrinsic to the model used. The recommendations made below seek
to minimize these problems.
Surface Data
The coverage of available land surface station data remains patchy in the
tropics, which is a large region with a significant disparity between observed
surface and tropospheric temperature trends. The Global Climate Observing
System (GCOS) Surface Network (GSN, Peterson et al. 1997) was set up to
form the basis of reliable global and continental-scale analyses of climate.
However, the usefulness of the GSN has been reduced by unavailability of
data (Mason et al. 2003). Accordingly, it is essential to continue
international efforts to make daily as well as monthly land-station surface
observational data available, especially for GSN stations in the tropics. For a
full interpretation of the data, the augmented data base needs to include
dewpoint and mean sea level pressure as well as air temperature and
precipitation. Metadata are also vital, to allow interpretation of trends and
drifts in the data.

There are a number of analyses of sea surface temperature (SST). These are
produced using satellite and in situ data (from ships and buoys) (e.g., Reynolds et
al., 2002 and Rayner et al., 2003), from in situ data alone (e.g., Smith and
Reynolds 2004), or satellite data alone. Climate comparison analyses based on
satellite data alone are not useful because of possible large biases. These biases
have occurred near the end of a satellite's life time when the instrument no longer
works properly or during periods when assumptions made about the atmosphere
profile in the satellite algorithm are no longer valid (see Figure 1). Reynolds et al.
(2004) gives an example of the first problem for the Advanced Very High
Resolution Radiometer (AVHRR) when NOAA-14 was failing, while Reynolds
(1993) gives an example of the second problem for AVHRR biases following the
1991 volcanic eruptions of Mount Pinatubo. Satellite retrievals do give vastly
improved coverage over in situ data alone. In addition, new infrared and
microwave SST sensors have become available in the last decade. Microwave
instruments have lower spatial resolution than infrared instruments but are able
to retrieve SSTs in cloud-covered regions where an infrared instrument cannot. In
addition, microwave and infrared instruments differ from each other, which
results in independent error characteristics for each type. Thus, the combination
of both types of instruments can reduce overall errors as discussed by Reynolds et
al. (2004).

Figure 1. Zonal differences
between nighttime AVHRR
SSTs and the Reynolds et al.
(2002) OI.v2 SST analysis.
Because the OI.v2 is satellite
bias corrected, differences
should be considered as
nighttime AVHRR biases;
differences greater than or
less than 0.2oC are significant.
Sensors were used from 6
different NOAA satellites
(NOAA-7: Nov '81 - Feb '85,
NOAA-9: Feb '85 - Nov '88,
NOAA-11: Nov '88 - Dec '94,
NOAA-12: Dec '94 - Apr '95,
NOAA-14: Apr '95 - Feb '01,
and NOAA-16: Feb '01present). Biases tended to
occur at the end of the lifetime
of each satellite. In addition
two periods of biases
occurred in Mar '82 - Sep '83
and Jun '91 - Mar '92 following
the eruptions of El Chichón
and Mt. Pinatubo,
respectively.

The SST analysis of Reynolds et al. (2002) uses in-situ data to correct largescale biases in the satellite data Thus, the analysis uses the advantage of
the ground truth of in situ data and the advantage of the high spatial
coverage of satellite data. However, this requires a minimum density of in
situ SST observations. Zhang et al. (2004) developed a method to evaluate
the adequacy of the current in situ (ship and buoy) network for climate SST
analyses which use in situ and satellite observations. Because of the high
spatial and temporal coverage of satellite data, in-situ data are only
necessary to correct any large-scale satellite biases. Simulations were used
to define a potential satellite bias error as a function of in situ data density.
Results of the simulations showed that a buoy density of two buoys on a 10o
spatial grid was required. The present in-situ SST observing system was
evaluated to define an equivalent buoy density, which allows ships to
contribute along with the buoys. Seasonal maps of the equivalent buoy
density were computed to determine where additional buoys were needed
as shown in Figure 2. The results show the strongest need for additional
buoys is in the high southern latitudes. These maps are now being prepared
routinely and are now influencing new buoy deployments. Mason et al.
(2003) support the need to launch and maintain an augmented network of
drifting buoys in the Southern Oceans.

Figure 2. Seasonally-averaged (January - March 2004) monthly equivalent
buoy density (EBD) with respect to a 10o grid. EBD includes
contributions from both buoys and ships according to their typical data
noises. Green shading indicates where EBD≥2 and no more buoys are
needed. Red shading indicates critical regions where EBD<1 and two
more buoys are needed. Yellow shading indicates where 1≤EBD<2 and
one more buoy is needed.

Efforts are now being carried out to improve in-situ SST and marine air
temperatures. Data from both ships and buoys are subject to time-varying
biases and random errors. Accordingly, it is necessary to use available
metadata to assess the homogeneity of recent sea surface temperature data
(a task commenced for SST by Kent and Taylor 2004, Kent and Challenor
2004 and Kent and Kaplan 2004), and adjust analyses if necessary. In the
same vein, marine air temperature data can be improved by using a newlydeveloped model of their biases (Berry et al. 2004).
There is a need to compare radiosonde surface temperature values with other
surface temperature analyses. Of particular importance would be the
combined SST and land-surface air temperature analyses of Smith and
Reynolds (2004). The land-surface air temperature is analyzed from the
Global Historical Climate Network (GHCN) data. The SST analysis is derived
from the in-situ analysis of Smith and Reynolds (2004). The combined
analyses are produced monthly on a 5o grid beginning in 1880 and include
error estimates as indicated in Figure 3. Because the combined analysis is
defined everywhere, it should be useful in identifying questionable
radiosondes.

Figure 3a. SST reconstructed
anomaly averaged annually
and between 60ºS and 60ºN
(green), with its 95%
confidence intervals
(dashed). Also shown is the
simple average of the
average ICOADS data (red).

Figure 3b. Land surface
temperature reconstructed
anomaly averaged annually
and between 60ºS and 60ºN
(green), with its 95%
confidence intervals
(dashed). Also shown is
the simple average of the
average GHCN data (red).

Figure 3c. Combined SST and
land surface temperature
reconstructed anomaly
averaged annually and
between 60ºS and 60ºN
(green), with its 95%
confidence intervals
(dashed). Also shown is
the simple average of the
average ICOADS and
GHCN data (red).

There is a need to combine surface temperature and dewpoint temperatures to
diagnose surface heat content (moist static energy), as suggested by Pielke
et al. (2004), and extend to the assessment of tropospheric heat content
changes over time. Heat content trends should be evaluated and compared
with those obtained using temperature and absolute humidity separately.
This is an important new metric. One partial reason for the discrepancy
between surface and tropospheric temperatures could be drier land surfaces
at monitoring sites leading to reduced moist static energy so that surface air
temperature rises are not reflected in the troposphere above. Kalnay and
Cai (2003) contrasted the NCEP Reanalysis with in-situ observed surface
temperature data over the eastern 2/3 of the US and found significant
differences, particularly in the warm season. This discrepancy could perhaps
be explained by examining heat content rather than temperature. This is
less likely to be the case for the air temperature just above the ocean
surface, which has also been increasing (Houghton et al. 2001). However,
heat content should still be investigated as variations in near-surface
thermodynamic stability will result in differences in heat content between
the surface and the height of ocean air temperatures (which averaged 17 m
in 1961-1990 and now exceeds 20 m; data are adjusted to the 1961-1990
average height using an ensemble mean of observed boundary layer profiles
(Rayner et al. 2003) . The equation TE = (CpT + Lq)/Cp illustrates the
relationship between heat content (where the moist static energy of an air
parcel, H, is units of Joules per kilogram can be expressed as an equivalent
temperature TE + H/Cp where Cp is the specific heat at constant pressure, L
is the latent heat of vaporization, and q is the specific humidity) , and
temperature and dewpoint temperature. TE will be significantly larger than T
in warm, humid atmospheres. To illustrate the magnitude of this effect, an
increase of dewpoint temperature from 23C to 24C at 1000 hPa, for
example, produces the same change in heat content as a 2.5C temperature
increase (Pielke 2001).

Surprisingly, in general, surface observational sites have not been documented,
nor has high-spatial resolution satellite imagery been applied to assess their
local landscape environment. As shown in Davey and Pielke (2004) the
representativeness of surface sites that have been used in climate trend
assessments is often questionable. Vose et al. (2004) respond to this
concern, but the issue of adequate documentation remains. Peterson
(2003), for example, concludes that there is no difference in trends of
surface temperature observations in the United States between urban and
rural locations, apparently since urban measurement sites tend to be located
within park areas. McKitrick and Michaels (2004) conclude that there is a
warm bias in the surface temperature data. Therefore, documentation
photographically (on the ground and above) of each surface observation site
used to construct surface temperature trends should be a priority. This
permits the assessment of local biases due to the microclimate in the
immediate vicinity of the observation site. The photographic record should
be extended back in time to the extent possible. Quantify, to the extent
possible, the bias that is introduced in the surface temperature and heat
content trends due to this local effect.
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There has also been considerable research that has demonstrated the
influence of mesoscale and regional-scale landscape change, and of
vegetation dynamics on the surface temperature trends. The change in
landscape could alter the lapse rates over these regions, as the
influence of the landscape extends into the troposphere. Many of these
studies have been summarized in Pitman (2003). Other recent studies
include those of Marshall et al. (2004a,b), Adegoke et al. (2003), Betts
(2004), Pitman et al. (2004), Bonan (1997), Hanamean et al. (2003),
and Xue et al. (2004). Thus the documentation of the landscape and its
history in the mesoscale region around each surface-observing site
should be a priority. Figure 4 illustrates an example of land-use change
in peninsula Florida between pre-1900 and 1992/1993. Such significant
landscape change would be expected to alter the surface heat budget,
and therefore the surface air temperature, as well as temperatures and
heat content for some distance above the surface. A research question
is the magnitude of this effect, as well as its importance for other
geographic regions.

Figure 4. USGS land-cover data for (left) pre-1900 natural land cover and
(right) 1993 land use). From Marshall et al. (2004).

Satellite observations of snow and sea ice can be used as constraints on
the surface temperature record, since air temperatures within these
regions must be equal to or less than 0°C. In addition, since the snow
and sea ice feedback to global radiative warming is indicated to be an
essential response as simulated in the models, it is essential to closely
monitor these fields. Also, by weighting in terms of the magnitude of
the expected feedback (which is largest when the sun angles are
highest), an improved assessment of observed high latitude trends
could be achieved (Pielke et al. 2004). Current Arctic sea ice coverage
can be obtained, for example, from http://zubov.atmos.uiuc.edu/CT/.
There are, however, inconsistencies in sea ice coverage produced by
different groups as described in the presentation of Nick Rayner (UK
Met Office) at the recent Ocean Observation Panel for Climate meeting
In Southampton, UK.
In this presentation, 9 passive microwave
retrieval algorithms were listed along with 5 digitized chart analyses.
Some harmonization of sea ice products was completed in Rayner et al.
(2003). However, not all the products listed above were considered,
and much additional intercomparison work remains to be done to
identify the best products and to produce a climatological consistent
analysis over time.

Tropospheric Data
The sparsity of radiosonde data in the tropics and over the oceans is even more
severe than for surface data (Mason et al. 2003). Ongoing international and
bilateral efforts to maintain and improve data reception from the GCOS
Upper Air Network (GUAN) should therefore be accorded priority. The
available data from all radiosonde stations should be used to create
improved radiosonde temperature and humidity data sets with neighbourconsistency quality control. These should build on an optimal initial
framework of quality-improved radiosonde data such as those developed by
Lanzante et al. (2003) along with the GUAN stations. The success of the
quality-control depends crucially on the availability of reliable, complete
metadata for each GUAN station; these metadata should be sought from
station operators (through established World Meteorological Organization
protocols) and made available to analysts. Metadata for tropical stations are
particularly important, as the disparity between observed surface and
tropospheric temperature trends is particularly large there. Cross-validation
of any available collocated radiosonde and satellite profiles is a potential
means of improving both.
Whenever radiosonde-based heights have been calculated from virtual
temperature and pressure, they cannot provide an independent check. Even
if heights have been measured, this may have been from an assumed rate of
balloon-ascent or from limited ground-based triangulation, so the heights
may be imprecise. Therefore, we need complete metadata on how heights
have been obtained, as well as (Section 3) GPS-based radiosonde heights for
the future.

For all Vaisala type radiosondes used worldwide, the geopotential heights are
calculated from the pressure, temperature and humidity, so that virtual
temperature is applied to the determine these heights (Tim Oakley, pers.
comm.). It needs to be confirmed if this applies for all radiosondes used in
creating global analyses.
Operational weather forecasting models use “observation minus background
field” diagnostics within their data assimilation cycles, to adjust or reject
input data. A similar procedure is used in reanalyses, which aim to create
homogeneous, spatially-complete analyses of the atmosphere by using an
invariant analysis model, unlike operational forecasting centres which
update their models as new developments become available. So we
recommend the creation of improved radiosonde data sets using the
assimilation cycles of several reanalyses to do the quality-control. The use
of several reanalyses will allow error-bounds to be placed on the
adjustments. The process will yield adjusted data for some stations but will
also result in deletions of some data. The results must, however, be used
with care because they will not be independent of the models employed.
Reanalyses are discussed further in Section 2 below.

Other Analyses
Multivariate physical relationships between variables should be used to assess
the veracity of each. This is suggested as a climate monitoring principle by
Seidel et al. (2004). For example, increasing relative humidity would be
expected to accompany increasing cloudiness at the same level of the
atmosphere. Further examples include the thermal wind relationship and are
discussed in Section 2.
There is a need to interpret the difference between tropospheric and surface
temperature trends in the light of recognized climate forcings and feedbacks
in the IPCC assessment (Houghton et al. 2001) and in NRC reports
(Hartmann et al. 2003; Jacobs et al. 2004). The discrepancy in trends has
been discussed, for example, in Chase et al. (2004), Douglas et al.
(2004a,b). Anthropogenic aerosols and landscape change have become
recognized as major climate forcings, which, unlike the spatial pattern of
increased concentrations of well-mixed greenhouse gases, have large spatial
heterogeneity. This spatial structure makes the explanation of surface and
tropospheric temperature trends more difficult.

2. Improving and Using the Models
Parameterizations
Parameterization of deep convection in models used for Reanalysis and for
climate projection needs to take into account stratospheric temperature and
troposphere-stratosphere radiative transfers (Thorne et al. 2004)
The observation that Northern Hemisphere 500 hPa temperatures reach their
coldest values (-40c - -45C) in late Fall, rather than continuing to fall
through the Winter, suggests a negative feedback on tropospheric cooling.
These 500 hPa values represent a near moist adiabatic lapse rate between
near freezing ocean water and 500 hPa (Chase et al. 2002). There has been
no significant long-term trend (1950-1998) in the areal coverage of these
coldest 500 hPa temperatures based on the NCEP Reanalysis, as reported in
Chase et al. Models need to be assessed in view of this control on cooling,
which could help explain tropospheric temperature trends in these high
latitude regions. The hypothesis is that tropospheric deep convective
heating occurs as winter air masses exit continents and pass over open
oceans.

Use and Value of Reanalyses
It remains difficult to estimate reliable, small amplitude trends from
reanalyses (Bengtsson et al. 2004), mainly owing to temporal variations
in input data quantity and quality. Therefore, the meteorological
community needs to develop several multidecadal reanalyses based on
quality-improved in-situ data only, to give a more homogeneous record.
Careful analyses of their vertical profiles of tropical temperature trends
should then be compared. The reliability of trends depends on their
magnitude relative to the uncertainty of the accuracy of the reanalyses.
Given the heterogeneities in Reanalyses (Bengtsson et al. 2004), it is
essential to determine the magnitude of trends that must occur before
they can be determined to statistically significant, such as performed in
Chase et al. (2000).

In Chase et al. (2000), the trends were assessed by only including regional
trends that were larger than the known bias in the data. This permitted
the exclusion of large areas with small trends. This approach has two
advantages. First, the global average is based only on regions with
relatively large regional trends. While this could eliminate large areas
with small but real trends, it does provide a procedure to determine a
global average of significant trend regions. A disadvantage of this
approach, however, is that if the trends are predominantly of one sign,
the average over significant regions will overestimate the true global
trend. Secondly, the regional trends are actually of more significance in
terms of the effects on society. The identification of regional trends
should, therefore be a priority. Stohlgren et al. (2004) have extended
this analysis, using the NCAR reanalysis archive by calculating the
percent area of the Earth that the lower troposphere (as represented by
the mean 1000-500 hPa layer temperature in the NCEP Reanalysis) has
significant warming or cooling during the period of record (i.e., above a
value which should be greater than the uncertainty in the Reanalysis).
For the period 1979-2003, using the Stohlgren et al. method with the
CDC reanalysis data, there was a mean annual temperature trend that
was positive (with an average of +0.12C/decade) for about 77% of the
globe, but only 25% of the globe had a statistically significant trend
(which averaged +0.28C/decade). A cooling trend was found for the
remaining 23% of the globe (with an average of –0.02C/decade) and a
statistically significant cooling of –0.28C/decade over 2.0% of the
globe. These regions with significant temperature changes could be
associated with important effects on the local environment, and could
be different than inferred from a global average trend.

Another important use of atmospheric reanalyses should be to search for largescale biases in radiosondes and satellite retrievals, in addition to their use,
described above in Section 1, for refining individual stations’ data. One
purpose of this would be independent confirmation of any radiosonde
temperature adjustments. Because radiosondes are used in reanalysis it
may be helpful to do EOF analyses. Any suspicious modes showing data
spikes in time or space could be related to data problems. They should be
examined and possibly removed to produce an improved reanalysis that may
be more useful for comparisons.
Integrated diagnostic metrics from the Reanalyses should be used to assess
trends. These metrics take advantage of fundamental relationships in
synoptic meteorology such as: tropopause height versus tropospheric and
stratospheric temperatures (Santer et al. 2003, 2004; Pielke and Chase
2004); the vertical derivative of tropospheric winds versus horizontal
temperature gradients (using the thermal wind equation); and precipitable
water versus vertical integral of water vapor content in a column. Pielke et
al. (2001) present an example of using the 200 hPa winds, as an estimate of
the surface to 200 hPa vertical wind derivative. In a recent comparison of
the NCEP and ERA-40 Reanalyses, T. Chase (personal communication)
compared the 200 mb winds averaged from 30-90N and 30-90S using both
data sets. For the period 1979-2001, the trends for the northern
hemisphere, in m/s/decade, were +0.04 (p=0.66) (NCEP) and +0.01
(p=0.86) (ERA40), while for the southern hemisphere the values were
+0.01 (p=0.94) (NCEP) and +0.23 (p=0.05) (ERA 40). There is quite good
agreement between the two Reanalyses in the northern hemisphere (which
is also true for latitudinally averaged bands), but less so south of the
equator. The reasons for this difference needs to be determined. The NCEP
trends were not much different for the 1979-2003 period (not shown).

However the use of these metrics, where the atmosphere itself does the
integration, should be exploited in order to develop an improved
understanding of tropospheric trends.
Model Testing
Barnett et al. (2001) showed that ocean heat content changes are an important
check on the skill of GCM climate change models. They concluded that
accurate simulation of both ocean heat content and surface temperature
trends are required. Ellis et al. (1978) have shown how changes in ocean
heat content can be used to assess the radiative imbalance of the climate
system, and thus a way to test the accuracy of the model skill at simulating
this climate forcing. Furthermore we need to reconcile model simulations of
changes of ocean heat content with changes in atmospheric heat content
changes, as represented by tropospheric temperature trends. The most
recent assessment of ocean heat changes is that of Willis et al. (2004). That
study used satellite altimetric height combined with about 1 million in-situ
ocean temperature profiles to produce global estimates of upper-ocean
(upper 750 m) heat content on interannual time scales from mid 1993-2002
(see Figure 5). As seen in the figure, Willis et al. estimated a nearly
monotonic oceanic warming rate of 0.86 +/- 0.12 W m-2 warming rate
averaged over this time period, but with large spatial variability (Figure 6).
Regional warming at mid-latitudes in the Southern Hemisphere caused a
large part of this global ocean-averaged warming trend. The regional-scale
ocean heat storage changes should be mapped onto the observed surface air
and tropospheric temperature trends, in order to help explain the observed
atmospheric temperature trends.

Figure 5. Interannual variability in heat content integrated over the region
from 20◦N to 20◦N (solid line) and over the entire globe (dashed line).
From Willis et al. (2004).

Figure 6. Map of 10 year change in heat content in W/m2 for the difference
estimate (combined altimeter and in-situ data). (from Willis et al. 2004)

3. Planning Observations for the Future
Surface
There is a need to continue plans in the United States to develop the Climate
Reference Network (CRN) (Vose and Menne 2004) and the COOP
modernization (Crawford 2004) that involve locations that are as spatially
representative as possible. The locations and data collected from the CRN
should also be related to other long term observing sites, such as the Long
Term Ecological Research sites. Similar procedures should be implemented
internationally.
Tropospheric in-situ
It is vital that we establish and maintain the full operation of the GCOS Upper
Air Network (GUAN). Within this, it is also crucial to establish and maintain
the full performance of a smaller, reference network as recommended in
paragraphs 138-140 of the GCOS Implementation Plan (now at
http://www.wmo.int/web/gcos/gcoshome.html for open review but not yet
to be specifically quoted). Coverage of radiosonde data is not yet ideal
(Figure 7).
Pressure surface heights determined from GPS on radiosonde soundings should
be used to determine the thickness between pressure surfaces in order to
monitor
virtual
temperature,
independently
from
the
radiosonde
thermometry.

Figure 7. Reception of monthly CLIMAT TEMP reports from radiosonde
stations worldwide, May 2003 through April 2004. CLIMAT TEMP messages
contain monthly average temperature, dew-point, wind and numbers of
days’ data for standard pressure levels in the troposphere and
stratosphere and for the surface at the station.

Satellite
We need to maintain a satellite-based Global Positioning System (GPS)
occultation monitoring system for several decades at least.
We also need to maintain high vertical resolution satellite-based soundings for
several decades and more. Key ingredients are Atmospheric InfraRed
Sounder (AIRS) for temperature profiles (50 km footprint; vertical
Resolution 1 km; accuracy 1° K); Advanced Microwave Sounding Unit B
(AMSU-B) for specific humidity profiles (horizontal footprint 15 km; vertical
resolution 1 km; accuracy 15 %).
In addition, it is necessary to maintain satellite Advanced Microwave Sounding
Unit (AMSU-A) instrumentation traceable to the present equipment into the
future. Such traceability is an important tenet within the GCOS climate
monitoring principles (Mason et al. 2003), which have been endorsed by the
World Meteorological Organization and the United Nations Framework
Convention on Climate Change.
Combined Observational Procedure
The climate community should insist that transitions to new observing systems
(land and sea surface in situ, radiosonde, satellite) adhere to the GCOS
climate monitoring principles (Mason et al. 2003).
Cross-validation of collocated radiosonde and satellite profiles is a potential
means of improving both. The planned reference network would play a key
role.
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Courtesy of Tom Chase of CU, Boulder, Colorado

Era 40 1979-2001 200 hPa Zonal Wind
______________________________________________
REGION TREND (m/s/decade) p
______________________________________________
30-90N +0.04
15-30N -0.61
30-45N -0.07
45-60N +0.26
60-75N - 0.04
75-90N -0.15
15S-15N -0.56
30-90S
15-30S
30-45S
45-60S
60-75S
75-90S

-0.00
-0.54
-0.27
+0.37
+0.10
-0.45

0.66
0.12 (Decreased westerlies)
0.80
0.35
0.90
0.61
0.02 (Increased easterlies)
0.99
0.11 (Decreased westerlies)
0.24
0.23
0.74
0.02 (Decreased westerlies)

Computed by Tom Chase of CU, Boulder

NCEP/NCAR Reanalysis 1979-2001 200 hPa Zonal Wind
_______________________________________________

REGION TREND (m/s/decade) p
_____________________________________________________
30-90N +0.01
15-30N -0.66
30-45N -0.10
45-60N +0.18
60-75N +0.03
75-90N -0.14
15S-15N -0.29
30-90S
15-30S
30-45S
45-60S
60-75S
75-90S

+0.23
-0.72
+0.04
+0.51
+0.37
-0.31

0.86
0.10 (Decreased westerlies)
0.71
0.51
0.92
0.62
0.22
0.05 (Increased westerlies)
0.00 (Decreased westerlies)
0.86
0.07 (Increased westerlies)
0.25
0.08 (Decreased westerlies)

Computed by Tom Chase of CU, Boulder

Correlations between NCEP
and ERA40 Reanalyses of the 200 hPa winds
Pearson Spearman
______________________
90S-90N
15S-15N
30-90N
30-90S

0.97
0.75
0.96
0.79

0.96
0.78
0.95
0.65

15-30S
30-45S
45-60S
60-75S
75-90S

0.96
0.84
0.94
0.87
0.79

0.96
0.79
0.91
0.71
0.78

15-30N
30-45N
45-60N
60-75N
75-90N

1.00
1.00
0.99
1.00
0.96

0.99
0.99
0.97
0.99
0.97

Computed by Tom Chase of CU, Boulder

NCEP 200 hPa ZONAL
WIND TRENDS 1979-2003
____________________________
m/s/decade p
____________________________
30-90N +0.02
0.81
30-90S +0.14
0.17
30-45N +0.03
0.91
45-60N +0.08
0.72
60-75N -0.07
0.81
75-90N -0.13
0.59
30-45S +0.18
0.42
45-60S +0.23
0.41
60-75S -0.02
0.94
75-90S -0.29
0.06

Computed by Tom Chase of CU, Boulder

NCEP 1000-500 temp 1979-2003
0.11C/decade p=0.04
_____________________________________
area positive trend 77%
area negative trend 23%
area significant pos. trend 25%
area significant neg. trend 2%
positive trend weighted over all globe 0.12 C/decade
positive trend weighted over positive area only 0.16 C/decade
significant positive trend weighted over all globe 0.079 C/decade
significant positive trend weighted over positive area only 0.28 C/decade
neg. trend weighted over globe -0.02
neg. trend weighted over negative region only -0.09 C/decade
sig. neg. trend weighted over globe -0.0047C/decade
sig. neg. trend weighted over negative region only -0.28 C/decade

Computed by Tom Chase of CU, Boulder

Area of the -40C isotherm at 500 mb, North of 60N from NCEP
Reanalysis. Computed by Tom Chase of CU, Boulder

Area of the -42C isotherm at 500 mb, North of 60N from NCEP
Reanalysis. Computed by Tom Chase of CU, Boulder

Area of the -44C isotherm at 500 mb, North of 60N from NCEP
Reanalysis. Computed by Tom Chase of CU, Boulder

Area of the -40C isotherm at 500 mb, North of 60N from ERA40
Reanalysis. Computed by Tom Chase of CU, Boulder

Area of the -42C isotherm at 500 mb, North of 60N from ERA40
Reanalysis. Computed by Tom Chase of CU, Boulder

Area of the -44C isotherm at 500 mb, North of 60N from ERA40
Reanalysis. Computed by Tom Chase of CU, Boulder
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