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Summary of project objectives

The special project is intended to support the participation of University of Vienna in the EC 7" framework
programme project ERA-CLIM2 as well as a new research project on Arctic energy budgets funded by the
Austrian Science Funds (FWF). Work package 4 of the EC project deals with the assessment of the observation
uncertainties of historic in situ data, especially those who have recently been digitized but never have been
assimilated. If possible, observation records shall be improved through homogenization, either offline or online
with variational bias estimation methods. In previous projects, the main candidates for homogenization back to
the early 1940s were radiosonde temperatures and winds. This is now being extended to humidity.

Better homogeneity of upper air data improves, when assimilated, evaluations of global energy budgets. The
research on coupled energy budgets is now extended to the Arctic. Significant advances on their evaluation could
be made in the past year.

Timely and convenient access to the atmospheric and oceanic reanalysis archives, especially the observations
databases is needed for this purpose. The requested computer time will be needed mostly for statistical analysis
of the observation data and background/analysis departures as well as for short assimilation runs.

Summary of results of the current year

Since project start the users of the special projects were active in three fields:
1) Solar elevation dependent homogenization of radiosonde temperatures, back to the 1940s
2) Using ERA-Interim and quantile matching for homogenizing radiosonde humidity data
3) Estimating energy budget variability in the tropics and in the Arctic using atmospheric and oceanic
reanalyses

Ad 1)

Homogenization of radiosonde temperatures can now be based not only on full reanalyses or data assimilation
experiments that have assimilated upper air data (ERA-Interim, JRA55, ERA-preSAT, Hersbach et al. 2017)
but also on surface data only reanalyses such as CERA-20C (Laloyaux et al. 2016). For surface data only
reanalyses it has been necessary to calculate departure statistics offline, interpolating the gridded temperature
data to observation locations both in space and time. It could be demonstrated that these surface data only
reanalyses can be useful as reference for break detection and adjustments to correct pervasive biases in large
station networks such as over the Former Soviet Union. Fig. 1 shows temperature trends from unadjusted
station series (upper left), RAOBCORE using CERA-20C reanalyses as reference for break detection and
adjustment (upper right), and RICH using CERA-20C for break detection (lower left) and RAOBCORE using
full reanalyses as reference. It is evident that the strong trends over Russia are artificial, caused by changes in
the observing system. After adjustment with RAOBCORE using CERA-20C as referenc trends are a lot more
consistent with those in neighbouring countries. Using full reanalyses, which ingested unadjusted radiosonde
temperature data, appears not advisable in this case since there was too few independent information to offset
the negative effect of the biased radiosonde temperatures. Consequently the adjustments are too weak to
remove the spurious trends (lower right panel). It even seems that due to the biased background forecasts from
those full reanalyses, trends at stations next to the Former Soviet Union are wrongly adjusted. The RICH,
method (Haimberger et al. 2012), which uses only radiosonde stations surrounding Russia as reference, also
removes the signal but appears to leave more noise than RAOBCORE with CERA20C as reference. This can
be seen from the “Cost” values given in the panel titles, which are lowest in the upper right panel.

While this results looks promising, it should be noted that surface data only reanalyses can have spurious trends
as well. Also the standard deviation of departure time series from observations minus the surface data only
reanalyses can be large at high altitudes and latitudes, since surface data only reanalyses may not capture
Stratospheric Sudden Warmings (not shown).
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Fig. 1: Temperature trends at 300 hPa over the period 1954- 1974 upper left from unadjusted radiosonde
temperatures, upper right from temperatures adjusted with CERA20C surface data only reanalysis as reference,
lower left from temperatures adjusted using neighboring radiosonde series (RICH) as reference, lower right
from temperatures adjusted with background fields from ERA-preSAT/JRAS55, both of which have assimilated
radiosonde data.

Ad 2):

It could be shown that humidity trends from ERA-Interim are affected by the biases in the radiosonde humidity
data. In Fig. 2 a clear imprint of the strong radiosonde humidity biases over the US and China on the resulting
analysed humidity is evident on the ERA-Interim reanalysis trends, although the trends in ERA-Interim are
much less extreme than in the undadjusted radiosonde data. The homogenization method for humidity has been
further improved to be able to adjust more stations than until now. In the remaining months we plan to further
improve the adjustment method such that more breaks in the humidity time series are detected. We also plan
test assimilations with IFS that ingest the newly developed radiosonde humidity bias adjustments.
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Fig. 3: Dewpoint depression trends 1979-2016 at 300 hPa level from unadjusted radiosondes (upper panel)
and ERA-Interim (lower panel). Note scaling is one order of magnitude smaller in the lower panel.
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Fig. 4: Difference of implied net surface energy flux based on top of atmosphere radiation from CERES
(Wielicki et al. 1996) and a) ERA-I based “traditionally” computed energy divergence, b) ERA-I based energy
divergence with the effect of water vapor removed, ¢) JRAS5-based “traditionally” computed energy
divergence, d) JRA55-based energy divergence with the effect of water vapor removed, and net surface energy
based on RadS from CERES and OAflux (Jin and Weller, 2008) turbulent fluxes. Units are Wm-2. From Mayer
etal. (2017)
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Fig. 5: Velocity (a), temperature (b) and temperature flux density (c) cross-sections for Davis Strait obtained from the
observation-based dataset (OBS), C-GLORS version 7 and the difference between the two. The plots show averages of
the fields over the one-year study period. Distance (x-axis) is the great circle distance to a point on the coast of Baffin
Island (66.6° N and 61.3° W). Positive velocities signify Arctic inflow and are directed into the paper. The symbols in
the observation-based cross-section show the locations of moored instruments in the strait: Circle = RCM (different
types of Aanderaa current meters measuring temperature and velocity, and in some locations also salinity), plus sign =
SBE (SeaBird instruments measuring temperature and conductivity) and square = ADCP (Acoustic Doppler Current
Profiler measuring velocity profiles). A combination of two symbols signifies locations of both instrument types (for
example, a plus sign in a circle). From Pietschnig et al. (2017)
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Ad 3):

Substantial advances could be made in terms of atmospheric budgets. Mayer et al. (2017) could show that
moist enthalpy budgets so far have been affected by an inconsistent treatment of horizontal moisture fluxes in
the moist enthalpy divergence term, which made this quantity dependent on reference temperature. After fixing
this much more realistic indirect estimates of the net surface energy balance particularly in the tropics could
be gained(see Fig.4), leading to a reduction of the imbalance between directly and indirectly estimated net
surface energy fluxes . In another effort, the arctic mass, energy and freshwater budgets have been studied.
The unique data set of subsurface transports through Arctic gateways by Tsubouchi et al. (2017) has been used
to compare those with state of the art oceanic reanalyses. Pietschnig et al. (2017) compared those fluxes with
CMCC C-GLORS v5 and v7 data (Storto et al. 2016) in the framework of ERA-CLIM2 and found sizeable
differences, particularly in Davis strait. The ECMWF oceanic reanalysis (ORAS5) has also be included a
preliminary intercomparison and results are currently evaluated. It appears to perform better than C-CLORS
in many cases, although substantial differences compared to the observations-based estimates, which require
further investigations, occur also there.
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1996: Clouds and the Earth’s Radiant Energy System (CERES): An Earth Observing System
Experiment. Bull. Am. Meteorol. Soc., 77, 853-868.

Summary of plans for the continuation of the project

The objectives of the project have been mostly achieved. The remaining 6 months will be devoted to quality
assurance and publication of results. A new special project that in essence continues and enhances the efforts
of the now almost finished special project has been submitted.
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