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Reviewer #1 General Comment: This paper compares surface air temperatures over
China from observations and many atmospheric analyses, and seeks to improve un-
derstanding of biases in terms of deficiencies in the representation of forcing factors in
the assimilating models used by the analyses. It shows that the effects of homogenising
the observations are small compared with the differences between the analyses and
the observations. It merits publication, but requires improvement to the presentation
and discussion of results.

Response: Thanks for your high recommendation of our submission. Following your
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and Comment#2 constructive suggestions, we have carefully checked the revised
paper and made the logic of Abstract concise and the logic of the revised paper
smooth. Especially, we re-edited the Sections Discussion and Conclusions to make
them clearer. We re-plotted new Fig. 3 to be more readable for readers. Below please
find our point to point response to your comments.

Specific Comments: 1) Comment: The language is generally clear, but needs a little
sub-editorial refinement.

Response: Thanks, the manuscript has been sent out for Professional English editing
and we have carefully made some language editing in the revised paper.

2) Comment: Page 3, lines 44 to 50. ERA-20CM uses a newer version of the ECMWF
model and sea-surface temperature analyses that are more homogeneous over time
than ERA-Interim. The comparability of its pattern of trend biases with that of ERA-
Interim cannot solely or necessarily be ascribed to its use of an ensemble technique.
Note also that ERA-20CM used perturbed sea-surface temperature analyses, and did
not include perturbations of the prescribed CMIP5 forcing. As such, classifying its
approach as a “perturbed physical ensemble technique” does not seem appropriate.

Response: Thanks for your providing such information. ERA-20CM in-
cludes the same forcing as CMIP5, please see Table 1 and website
https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era-20cm-model-
integrations. We revised it in the Abstract: Ensemble technique (adopted in
ERA-20CM, a twentieth century atmospheric model ensemble without assimilating
observations) significantly narrows regional warming uncertainties in reanalysis
(standard deviation=0.15◦C/decade). The detailed evidence was added in the Sec-
tion Discussion: Despite of no inclusion of surface air temperature observations,
ERA-20CM present a pattern (mean of -0.04◦C/decade and standard deviation of
0.15◦C/decade, Figs. 5 and 8) comparable to ERA-Interim and JRA-55, and better
than ERA-20C (mean of -0.08◦C/decade and standard deviation of 0.20◦C/decade,

C2



Figs. 5 and 8) with the same forecast model as ERA-20CM, which implies a potential
approach of ensemble forecast to this end. This advantage of ensemble forecast
technique in ERA-20CM also perform better in the simulated pattern of trend biases in
Rs (SD=1.84 WÂům-2/decade, 171%), precipitation frequency (SD=2.78days/decade,
122%) and Ld (SD=1.25 Wm-2/decade, 82%) (Fig. 8).

3) Comment: Page 4, line 58. Satellites should be included in the list.

Response: Added as suggested: . . .from a variety of sources-surface stations, ships,
buoys, radiosondes, airplanes and satellites.

4) Comment: Page 4, line 66. The models used to produce reanalyses do more than
fill gaps in observations. They are important for the quality control and bias adjustment
of observations, which is especially important when merging the information provided
by many different types of observation.

Response: Thanks for your providing such information, which was added in the lines
88-95 of the revised paper: These reanalyses produce multiple time-scaled, global
gridded datasets including a large variety of atmosphere, sea and land surface param-
eters, many of which are not easily or routinely observed but dynamically constrained
by a great number of multiple sourced observations assimilated under a fixed NWP
model. During the data assimilation, prior information about uncertainties in observa-
tions and model are used for quality checks, to derive bias adjustments and to assign
their proportional weights. Therefore, such reanalyses add value to the instrumen-
tal record in the aspects of bias adjustment, spatiotemporal coverage and dynamical
integrality/consistency.

5) Comment: Page 5, lines 83 to 92. MERRA-2 should be included in this list.

Response: Added as suggested: . . .and the National Aeronautics and Space Adminis-
tration [MERRA (Rienecker et al., 2011) and MERRA-2 (Reichle et al., 2017)].

6) Comment: Page 8, line 150, and in later places, including the labelling of figures.
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It is wrong to label the century-scale analyses that assimilate only surface pressure
(and perhaps surface wind) observations as “climate quality” compared with the shorter
“NWP” reanalyses that assimilate comprehensive sets of observations. Climate quality
is something that has to be demonstrated, and is not just a matter of the type of re-
analysis that is carried out. The ERA-Interim and JRA-55 “NWP” reanalyses give the
best climate trends for surface air temperature, as the paper shows over China. The
century-scale reanalyses still suffer from changes in observations over time, as the
number of surface pressure and wind observations has increased enormously over the
past one hundred or more years. Also, these reanalyses use sea surface temperature
and sea ice analyses that depend on observations that have changed over time. More-
over, their avoidance of upper-air observations means that their climatological states
are more subject to model biases than in “NWP” analyses in which observations help
determine these states. The term “climate quality” should not be used to categorize
some of the reanalyses for which results are presented.

Response: Thanks for your comments. Following the BAMS paper of Dee et al., (2014),
we labeled them as ‘NWP-like reanalysis’ and ‘Climate reanalysis’ in the revised paper
and all the figures. Reference: Dee, D. P., M. Balmaseda, G. Balsamo, R. Engelen, A.
J. Simmons, and J. N. Thépaut, 2014: Toward a consistent reanalysis of the climate
system. Bull. Am. Meteorol. Soc., 95, 1235-1248.

7) Comment: Page 10, lines 184 to 192. It would be helpful for the reader to be in-
formed how many of the 2200 or so stations provide data that are exchanged globally
under the auspices of WMO. ERA-Interim and JRA-55 analyse surface air temperature
data from those stations for which data are transmitted internationally, and perhaps
some additional data to which they have access for early years, but data from a signif-
icant fraction of the 2200 or so stations were probably not used by these reanalyses.
It would also be helpful to know whether the observational data used in this study are
publicly available to anyone who might wish to carry out such a study, or for use in
future reanalyses.
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Response: Data at approximately 2400 stations are conditionally exchanged
with the China Meteorological Administration, publicly unavailable. Since 1961,
only 194 out of approximately 2400 stations are for global exchange (please see:
http://data.cma.cn/en/?r=data/detail&dataCode=SURF_CLI_CHN_MUL_DAY_CES_V3.0).
This information was added in the line 182. Note also that
824 out of approximately 2400 stations should be downloaded
for the China Meteorological Administration for certain usage
(http://data.cma.cn/data/cdcdetail/dataCode/SURF_CLI_CHN_MUL_DAY_V3.0.html,
in Chinese).

8) Comment: Page 11, line 213 and pages 47 and 48. Table 1 needs some correc-
tion and tidying up. ERA-20CM did not use a 4D-VAR assimilation system as it was
an ensemble of model runs. It used prescribed sea surface temperature and sea-ice
analyses, but they were not produced by 4D-VAR. One column is headed “Related
assimilated surface observations”, but the entry for ERA-Interim includes reference to
upper-air observations, and that for MERRA-2 includes reference to aerosol observa-
tions that are not surface ones. It is stated that ERA-Interim assimilated “land surface
temperature” data. It did not. It did analyse “surface air temperature data over land”,
which is not the same variable. As discussed below in comment (10) it is probably
better to refer to these data as analysed not assimilated.

Response: Thanks for your providing such information. We revised the main text and
tidied up Table 1. In Table 1, we corrected the column head ‘Related Assimilated
Surface Observations’ as ‘Related Assimilated/analyzed Observations’, ‘land surface
temperature’ as ‘near-surface air temperature’ in ERA-Interim, ‘4D-VAR’ as ‘3D-VAR’ in
ERA-20CM and so on. For most surface observations in reanalysis, we used ‘analyzed’
instead of ‘assimilated’ where appropriate in the revised paper.

9) Comment: Page 11, line 222. Surface pressure observations are not distributed
homogeneously in space or (especially) time. Also, sea surface temperature and sea
ice analyses are not of homogeneous quality, due to observational changes. See also
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comment (6).

Response: Thanks for your suggestion. We corrected it as ‘relatively effective’.

10) Comment: Pages 12 and 13, lines 246 to 251. The explanation of what ERA-
Interim and JRA-55 do could be clearer. A background surface air temperature, at a
height of two metres, is produced using a processing of the model-level background
forecast with the help of Monin-Obukhov similarity profiles. The observations of sur-
face air temperature are then analysed using a relatively simple analysis scheme. It
is best not to use the word assimilated as the two-metre temperatures do not affect
the starting atmospheric state for the next background forecast. But they are not sim-
ply postprocessed products either – in contrast to the products from other reanalyses.
Some information is retained (assimilated) in that where appropriate the increments in
surface temperature and corresponding ones in relative humidity are used to update
soil temperature and humidity, and these do carry over into the next background fore-
cast. It is nevertheless probably better to refer to the observations as analysed rather
than assimilated.

Response: Thanks for your providing valuable information, which was added in lines
243-246: Yet, the Ta in ERA-Interim and JRA-55 are post-processing products by a
relatively simple analysis scheme between the lowest model level and the surface,
analyzed with some ground-based observations of Ta, with the help of Monin-Obukhov
similarity profiles. . .

11) Comment: Page 18, line 375. The better performance of ERA-Interim and JRA-55
is described as “mainly due to the post-processing of assimilated surface air tempera-
ture”. If this statement is retained is should read “mainly due to their analysis of surface
air temperature data”, as discussed in comment (10). The statement is probably cor-
rect, but do the authors have evidence that this is the case? Perhaps ERA-Interim
and JRA-55 simply have a better background forecast of surface air temperature due
to other aspects of their data assimilation system. If the statement is to be retained,
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it needs to be backed up by showing that the background forecast surface air tem-
peratures from ERA-Interim and JRA-55 are not significantly better than the surface
air temperatures from the other reanalyses. In that case, analysing the surface air
temperature observations must be the main reason they provide a better product.

Response: Corrected in the revised paper as suggested: may be due to their analysis
of surface air temperature data in ERA-Interim and JRA-55 (Table 1).

12) Comment: Page 19, lines 383-385. It should be noted that CERA-20C used a
newer model cycle than ERA-20C, and some problems that were found to affect ERA-
20C were fixed in CERA-20C. So CERA-20C’s better performance than ERA-20C can-
not be ascribed entirely to the use of a coupled forecast model and data assimilation.

Response: Thanks for your information, and we added such information in the revised
paper: may be related to an inclusion of coupled climate forecast model and data
assimilation, as well as surface pressure assimilated in CERA-20C.

13) Comment: Page 19, line 389. The type of analysis presented in section 3.3 needs
to be interpreted carefully when it comes to ERA-Interim and JRA-55. This is because
their surface air temperature products involve analyses of surface air temperature ob-
servations, and values depend on the analysis increments to the background as well as
to contributions via the background forecasts from key physical factors that influence
surface air temperature. For example, the sentence in lines 475 to 477 on page 23
reads as if the trend biases in surface air temperature have contributions from biases
in various physical forcings. But in ERA-Interim and JRA-55 such biases in physical
forcing will tend to be counterbalanced by the changes the observations bring to the
background forecasts. The balancing will not be perfect, so ERA-Interim and JRA-55
may inherit some of the deficiencies in forcing, but these deficiencies are likely to be
much weaker than would be the case if surface air temperature observations had not
been analysed.

Response: Thanks for your information, and we added such information in the end of
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Section 3.4: Note also that the analyses of observation changes of surface air temper-
ature in ERA-Interim and JRA-55 may bring trend biases in the output of Ta, but the
use of partial correlation and regression analysis would lead to their smaller impact in
quantifying the contribution of the Ta trend biases by the physical variables above.

14) Comment: Pages 21 and 22, lines 443 to 445. Again (see comment (11)) it is
asserted that the better performance of ERA-Interim and JRA-55 is due to the assimi-
lation [analysis] of surface air temperature [observations]. This is almost certainly part
of the story, but unlikely to be the only reason these two reanalyses perform better than
the others. A phrase such as “in part, at least,” is needed after the word “due”.

Response: Corrected as suggested.

15) Comment: Page 28, line 28. It is stated that ”only vegetation is included as cli-
matology”. This is wrongly worded. Perhaps the authors mean “vegetation is only
included as [a] climatology”. A number of fields other than vegetation are specified
climatologically.

Response: Corrected as suggested in the lines 583-584: In reanalyses, vegetation is
only included as a climatology, but the vegetation has a growth trend in nature during
the study period 1979-2010 over China (Fig. S23),. . .

16) Comment: Page 29, lines 607 to 614. I simply do not understand this paragraph.

Response: We revised this paragraph: We considered to which extent the ensemble
assimilation technique can improve spatial patterns of the Ta trend bias in reanalyses.
We found that this technique can detect the Ta trend biases over more another ap-
proximately 12% (8%) of grids for CERA-20C with 10 ensembles (NOAA 20CR2vc and
NOAA 20CR2v with 56 ensembles) (Figs. 5l-n). However, the Ta trend biases over
these grids were detected to be non-significant at the significance level of 0.05 for Stu-
dent’s t-test, implying that the ensemble assimilation technique can not explain spatial
pattern of the Ta trend biases displayed in this study (in Figs. 5l-n).
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17) Comment: Pages 29 to 30, lines 615 to 626. It is misleading to label the models
used for the century-scale reanalyses “climate models” and the models used for shorter
reanalyses “NWP models”. The same ECMWF models are used for the two types of
reanalysis, apart from a tendency for more recent reanalyses to use newer model
versions.

Response: Thanks for your comments. Following the BAMS paper of Dee et al., (2014),
we labeled them as ‘NWP-like reanalysis’ and ‘Climate reanalysis’ in the revised paper
and all the figures. Reference: Dee, D. P., M. Balmaseda, G. Balsamo, R. Engelen, A.
J. Simmons, and J. N. Thépaut, 2014: Toward a consistent reanalysis of the climate
system. Bull. Am. Meteorol. Soc., 95, 1235-1248.

18) Comment: Page 30, lines 629. The reference to ERA-20CM is incorrect, as its
circulation is not controlled by pressure data. No meteorological observations are as-
similated in ERA-20CM.

Response: Thanks for your good comment and we corrected it in lines 630-632: In
ERA-20CM, the atmospheric circulations are influenced from SSTs and sea ice and
then partly mediate the influences of global forcings on the Ta trend.

19) Comment: Page 32, line 682. High temporal resolution in situ and satellite obser-
vations of precipitation are available only for recent years, so their use in reanalysis to
refine trend estimates will be limited until longer time series of observations have been
accumulated.

Response: Thanks for your comment. We delete this part.

20) Comment: Page 33, lines 690 to 692. See comment (2) regarding the nature of the
perturbations applied in ERA-20CM.

Response: Thank you very much. Please see Comment #2.

21) Comment: Page 33, line 704. It is not clear why the Argo system is mentioned
here, as it is not primarily an observing system for SST and sea ice, and data have
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been available in substantial numbers for little over a decade, posing a problem for
homogeneity.

Response: Thanks for your comment. We delete it.
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