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1. Introduction

Fomacursoryr eadi ng of Li [&& Wangd0d9, hencefoothmim2®Eh an sur fecent

review article, Soon et a2018 [henceforth 2018], somereadersmight thinkthat LY209 is
somehowdisputingour analysisand conclusionsSpeci f i cal | y, somb@ymeatt ai m t o
on the arbitrary or deductive conclusions of Soon et al. (201B)cagi KS F2f f 26AY 3 FAODS |
They then make some comments on the following five issues:

1. “On the reprtsehi mai eecaprabysoi s’

2."0On the observational data from meteorological
3. “On the comparisons of proxy data, model reana
4, “On the mixture of homogenization process and
5, * On the confamnikati om o whle regional SAT serie

If a reader had not read S2018, and only had read LY2018migkymistakenly assume that
LY2018 completely disagree with twever,a careful comparison dfY209 and S2018 reveals
that Li and Yangpparentlyagree withmostof our conclusionsThat saidthere are sveralpoints
whereLY209 appear to disagree with udlostly this seems to be due tminor mistakes or
misunderstandingby LY209. However, in two cases, the reasons for the apparesaglieement
are more complexi.e.,

(a) What is the relationship betweetie ensemble means of Global Climate Mo@&@CM)
hindcasts of Surface Air Temperature (S&WJobservedSATrends?
(b) How does statistical homogenization lead to the blengngpblem described by us in S2018?

With that in mind, he rest ofthis reply will be divided into four parts:

1 Section 2Points wherd Y209 agree with us
1 Section 3Minor mistakes and misunderstandings madeL.209
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1 Section 4Comparing climate model tengpature hindcasts to observations
1 Section 5Comments on he blending problenof homogenization

2. Points where LY201 9 agree with us

One of thegoalsof S2018wvas to raise awareness of the many challenging, retated factors
involved in trying to evaluate the available data on Chir@agrends since the latd 9" century.
LY209 agree with us, and thejin us inour callby remindingthe scientific commno i t y [iJtish a t
imperative that[researchers understandhe data sources, uncertainty, biases and other limitations
of any datathat theyused. I n f act, t hey welhasthetmany &actopsiwa si s e t ha
discussed in detail, there amtherswhich were beyond the scope of our review.

For instance, as we explainedtive conclusions 082018

GLY GKAa NBOGASs: ¢S vYzahafte F20daAaSR 2y |yydz
However, temperature trends often vary from season to sef$pAlso, different regions
withinChins2 Fi Sy aK2g RAFFSNByYy (i GCstalgoYnpdrtandto 6 NSY RaA wX
O2yaARSNI aSlazylftAaide yR NBIAZ2YIfAlRE PE

LY209 agree with ourecommendation to also consider the effects of regionality. In particidar,
their Section 1.1they suggest that the trends of the western and eastern regions should be
compared and contrasted.

LY209 agree withusthat there are multiple different instrumentalglerived estimates of Chinese
temperature trends and that dependirg n ..tHe collection and processing methods of
meteorological data, a certain degree of differences inahalysis results are inevitabBildn their
Section 1.2.,ley brieflysummarisesome of these difference$ut if the reader is interested ia
more comprehensive reviewf these differencesve recommend raeadingSection2 of S2018

In their Section 1.3.itey al s o agr ee wildrge unagestainties ia proxy dereesfer ar e,
exploring a warm eark2(" century period and a warm recent e’ anXYtly@&t ¥Y2NBE Ay
estimates.For a more detailed discussion of this point, we refer the interested reader to Section 3.5

of S2018.

3. Minor mistakes and misunderstandings made by LY201 9

LY209c | ai m t h eohcludee that Both lirmits of longrm observations in rural areas and
urbanization biasnainly led to the results that the recent warm period seemed much warmer than
the earlier warm periofl .€.Jemphasis added in bold{Ve did not make this specific claiysince

each of the authors 052018has different opinions on the fative weight of each of the factors
involved in this challenging topids we explained i82018

LY GGKAa O2tfl o02NIGABS LI LISNE SIOK 2F dza KI &

Specifically, while some of us have argued that the eafhyc2atuy warm period was
O2YLI NIXo6ftS G2 GKS NBOSyYyd 41 N¥Y LISNA2R FT2N) / KA



GFNY LISNAZ2R Ad YdOK 61 NY¥SNJ) oX8d ¢KSNBF2NBIZ 4
FdasSaa (KS NBlrazya F2N 6KSaS RAFFSNAYy3I OASsa

In their Seabn 1.2,LY209c | ai m t h adnly abbue200statonseotalty in China i n bot h
version 3 and version 4 of the Global Historical Climatology Network (GHCN) dataset. We do not
know where they got this estimate from since we explicitly noted thatdhare 417 Chinese stations

in version 3 and 494 in versionForcomparison, the CRUTEM datagehichLi had specifically
recommended to us when we shared an early draft of S2018 with tinty contained 160 stations

in version 3, but now contains 703.

Speaking of the CRUTHEsitasets, LY2®lalsoarguein their Section 1.2hat simplyby processing

the CRUTEM4 data in a different manner, you can obtaemadifferent estimate for China. They do
not describe exactly how thgyrocessed the data (the process we used is described in Section 2 of
S2018, but if they are correct then this adds further support to our recommendations

In their Section 1.8,Y209 proposea rathersimplistica nal y s i s thexongilutionshat e *
urbanization to the regional SAT setiehheyarguethe magnitude of urbanization bias can be
estimatedfrom Table 1 of S2018s follows

1. Subtractthe peakannualtemperature of the early20" centurywarm period(1946)from the
peak annual temperature in the current warm peri(®98 or 2007)
2. Divide this difference by either 2 or 3 depending on whether the recent peak occurred in
1998 or 2007 respectively.
3. Accordingto LY2®l thisisthe¢' Est i mat ed wur ba®ila.ati on ef fect s’

LY209 construct their own Table 1 calculating estimates from the values of 14 of the 16 iseries
our Table 1, dropping theRUTEM3 series and replading CRUTEM4 series with their own version.
For some reagm they seem to have also included the wrong values for two of the remaining 14
series, i.e., Tang & Ren (2005) and getral. (2004).

We disagree with this analysié/hydo LY209 assume that theonly difference between the two

peak years is urbanization bias? Alsdyanization bias is usuallyparsistentlongterm multi-

decadal phenomenon, so using a direct comparison of two individual yesinsplyinappropriate.

LY2Q9 refer totheir proposedanalysisa s mastaken contribution of urbanizatién. We suahg r e e
ananalysis would be mistake

4. Comparing climate model temperature hindcasts to observations
S2018resented 14lifferent time series of Chines®AT derived from meteorological obseroas.
For comparison, we also presentid equivalent series which were based on GCM hindcasts
(provided to us by). One series was the muttiodel ensemble average of all 42 CMIP5 hindcasts
for China. The CMIP5 hindcasts were the ones used for thesliP&Sessment Report (ARS).

In their Section 1.3,Y209 claim thatdirectly comparing the CMIP5 ensemble averages tolhe

ser X&a HdzyNBIlI az2yl of S | y'RHowelel theyivheiatéycoyitiadich G F G A a G A O
themselves and make a similar coanigon only usingust one of the 14 serie§ his time, where the

comparison is more favourable to them, thegistthat it “enhancgs] the confidence level for SAT

analysis from both CMIP5 ensemble and the observdtions



The contradictiorseems toarisefrom the inherentconflictbetweentwo different schoolsof-
thoughtwithin the scientific communityThe existence of these two diffarfecamps is often
unappreciated, and therefori this sectiorit may be helpful to elaborate on thationales of the
two camps (see also the discussion in Connolly et al., 28L8)e end of the section, we will show
that whichever schoebf-thought yau favour,LY2019 werstill wrong in their Section 1.3 to dismiss
the significance of the comparison between observed trends and the CMIP5muaaé&l ensemble
average hindcast.

The two differentschoolsof-thought occur becauseitth current GCVhindcass, if the simulation
run is adequately equilibratednd not majorly affected by drifthen the global temperatures for a
given year are mostly determined by three factors:

1. External Radiative Forcing (RF) fattormamee “ Ant hr o
considered, but greenhouse gas and aerosol concentrations are the main two.

2. External Radiative Forcing from “Natural?” f a
consider ed, i . e. changes in Tot asolsfboml ar I rr

volcanic eruptions (“volcanic”).
3. Internal variability. This is the yets-year random fluctuations in a given model run.

The GCMs are effectively only able to simulate radditadal trends usinthe firsttwo factors.

However because the randm yearto-year” i nt e r n a |fluctuations \apbetiveiert models

and individual runs, if one plots all of the individual model runs on top of each other, e.g., as a
“spaghet ti plot”, the thicker “envebsevat®ris i S mor e
thana comparison with the ensemble mean

One schoaebf-thought argues hat t hi s “internal vandthallyi | i ty” i s
averaging together the results you can improve the sigoaloise ratio, e.g., Douglass et al. (2Q07)
However the other schocbf-thought disagrees and arguésat thisis a feature which can

somehow approximat¢ he “i nternal wvariabil it yBotheaafmpsnat ur e,
agreethat, because the random fluctuations are different for each model run, they tend to cancel

each other out in ensemble averages.

We suggest that botechoolsof-thought have some validity and should be considered. Despite

LY209 s claim tRataveagedngNInba2y | 6t S | yR, AW@AIyATA
argue that using the ensemble averages is better for describing the influence of the external

radiative forcing factors, and that these are more relevant for studying rdattadal trends.



Inter-model variability on the difference between the early and late peaks

(a) All 108 CMIPS simulation runs (using RCP4.5 scenario for post-2005)
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Figurel. Histograms showing the difference between the early warm peak (maximum in the 1B@80 period) and the

recent warm peak (maximum in the 1952017 period) for all CMIP5 simulation runs (using RCP4.5 scenario for post

2005 projections).

Nonetheless, let us consider the intgrodel variability. For S2018, we used the averages for each of
the 42 models that submitted hindcasts to the CMIP5 project. These hindcasts covered the period
1861-2005. However, some of the modelliggoups submitted multiple runs for each model (e.g.,
CSIR&Mk-3-6-0 submitted 10 runs), and in those cases, our analysis (which used the same data as Li
et al., 2017 provided to us by Li) was based on the average of the multiple runs. Also, the
modellinggroups also projected these hindcasts into the future using a range of scenarios (RCP2.6,
RCP4.5, RCP6.0 and RCP8.5). Therefore, we downl ¢
(https://climexp.knmi.nl) all 108 of therdividual model runs and used the RCP4.5 projections to
extend our analysis up to 2017. [We chose RCP4.5 as this was the most popular scenario submitted,
but at any rate most of the differences between the four scenarios occur after 2017].

To sort the 108nodel runs, we calculate the differences for each model run between the maximum
temperature over the 1901950 period and the maximum temperature over the 198#&sent (i.e.,
2017) period. This crude, yet simple, metric allows comparison with part ofiscagsion in S2018.
Figure 1(a) shows that the mean value of this metric was°@.83., the recent warm peak was


https://climexp.knmi.nl/

0.83°C warmer than the ear20" century peak. However, the exact value varied from model to
model.

Comparison of CMIP5 model runs

(a) CMIP5 ensemble mean (average of all 42 models, difference = +1.08°C)
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Figure2. Comparison of (a) the CMIRBulti-model ensemble mean to (bjd) three individual CMIP5 simulation runs.

As an aside, ebriefly note that much of the spread in the histogram can be traced to one specific
modelling group, NASA GISS, who submitted nd&Blpf the model runs. All of their model runs
used a version of their G2 model. The differences between the 34 @3®odel runs (Figure

1b) and the other 74 model runs (Figure 1c) are quite pronounced.

At any rate,m Figure 2, we compare the emable average (Figure 2a) to three of the 108 individual
model runs (Figure 2d). The ensemble meaimdeedremoves mostof the interannual variability of

i ndividual runs, making the average a | ot “fl att
peak years larger, i.e., +1.@). However, for runs where the difference between the two peaks is
|l arge, there iM% eanltnuorsyt wnaoe.nthessaenelfinydind?a for the ensemble

mean Zhou & Yu (2006) had noticttds for the earlierCMIP3 hindcasts for Chifdeanwhile for



runs where the difference between the peaksmall (e.g., Figure 2bthe recent warming is
considerably muted, andot especially unusual.

IPCC ARS5's Radiative Forcing estimates
(as recommended to the CMIP5 modelling groups)

(a) Sum of IPCC AR5's Anthropogenic Forcings
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(b) One of IPCC ARS5's two Natural Forcings - Solar (i.e., Wang et al., 2005)
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(c) IPCC ARS5's other Natural Forcing - Volcanic
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(d) Sum of all IPCC AR5's Radiative Forcings (Anthropogenic and Natural)
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Figure3. The various external "radiative fcings" estimatesconsidered by the CMIP5 Global Climate Model hindcasts.
Taken from IPCC AR5 Working GroufMyhre et al., 2013)

Let us now consider the radiative forcing components used by the CMIP5 maadd-igure 30f

t he two *“ naconsidadd byfthe CMIPSmgdels, only the solar forcing could potentially
introduce a multidecadal warming trend, since the volcanic forcing (Figure 3c) only acts to introduce
short 2-3 year cooling events. However, in Soon et al. (2015), somestfowgedthat the Wang et

al. (2005) solar forcing dataset (or similar equivalents) used by the GiviR&ry lowvariability
estimates(Figure 3b).

Thissl ow variability is reduced even further in the
“al bedo factor? of 0. 55, i . e.., they scale the or



then by an additional 4@lbedd® etpe nadeaacwerit (Mymhrewaxt e l
Section 8.4.1, p688).

Some different estimates of "Solar radiative forcing",
i.e., Total Solar Irradiance

(a) Updated Wang et al., 2005 - estimate used by most CMIP5 groups
Using IPCC ARS's albedo factor of 0.55 (=0.70%0.78)
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Figure4. Comparison of the main "Solar radiative forcing" estimate used by the CMIP5 hindcasts (i.e., Wang et al., 2005)
to analternative estimate of solar radiative forcing (i.e., Hoyt & Schatten, 19€8jt is at least as plausible

Soon et al. (2015) argueddt the CMIP5 modelling groups should have considaremhge of the
various available plausible solar variability datasets, rather than only considering the low variability
ones. Figure 4 compares théang et al. (2005Jataset to another solar forcing theset (Hoyt &
Schatten, 1993) that is at least as plausible (Scafetta & Willson, 2014; Soon et al., 2015).

The choices made by GCM modelling groups as to wadihtiveforcing datasets directly influence

the model output, as can be seen from Figure Sylich different estimates of Chinese SAT are
fitedtovar i ous combinations of “anthropogenic” and
linear least squares best fit rescaling

Figure 5a shows that theMIP5 multmodel ensemble mean for Chinlrest exactly overlaps with

the combined “anthropogenic and natural forcings
averageChinesdemperature trends hindcasted by the CMIP5 models is determined almost entirely

by the choice of forcing datasets uskey the modelling groups.



This has profound implications for our understanding of the relative role of natural and

anthropogenic factors in Chinese temperature trends since tiecEaitury, as well as in our

assessment of the relative warmth of the varsowarm periods. For instanoghile the Li et al.

(2017) series (with a relatively modest 1940s warm period) is fairly welldeserised ng t he | PCC’
“ant hropogeni c f o820l8elaiwly rurbl Beries is faidy welldgscribed bseng

the Hoyt & Schatten (1993) solar forcing dataset (Figurdrbother words, depending on which

SAT series and which forcing datasets are used, you could come to completely different conclusions

on whether Chinese temperatures since thé"t&nturyweremostlyd et er mi ned by “ant h
factors” (Figure 5b) or “natwural factors” (Figur

This buil ds on [undeastardiag the lopgern vatiation im sutface' air

temperature related to climate warming is one of the importessues for understanding the

regional and global climate change and its detection, attribution and inipact That i s, we ag
LY2019 that it i s the dgtacoutces runcertaioty, hiased and stherlimithtioris

of [the variousChineg surface air temperature dataset]—indeed, that was the primary motivation

of S2018. But, furtherye should also be aware of the considerable debate over the various
radiative forcings datasets that Hanpesatulreen used
trends. We recommend Soon et al. (2015) for a comprehensive review of the ongoing debate over

the solar radiative forcing datasets.

Chinese SAT estimates vs. various Radiative Forcing estimates

(a) CMIP5 ensemble mean compared to IPCC AR5's Forcings
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(c) Soon et al. (2018)'s relatively rural series vs. Natural forcings

Soon et al. (2018), relatively rural composite
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Figureb. Comparison of three of the estimates of Chinese SAT considered in Sodn @04.8) with various "radiative
forcing" estimates.



5. Comments on the blending problem of homogenizatio n

In their Section 1.4,Y209 admit to being confused about the blending probleifrthe current
homogenization processelkY2019 briefly summarisdsa rationale of homogenization, but for

those who want to gain a more comprehensive understanding of the process, we refer the

interested reader to Section 3.2 of S2018 and the references cited therein. Unfortunately, LY2019 do
not appear to have considedehe blending problem associated with the current homogenization
processes, which we described in Sections 3323%.We appreciate that the blending problem has
been largely overlooked in the literature until S2018, and therefore it may be usefubtadprsome
additional insights herelo understand the blending problentjs important to distaguish between

two separate stage of thehomogenization process:

1. Identifying when a nostlimatic step change bias occurred
2. Establishing (and adjusting for)etlsign and magnitude of the bias

Inthe firststage the main challenge is in mininmg the number of false positives and false
negatives, whilenaximisng the number of true positives and true negativAs.LY204.note, many

of the current homogenizatioproceduregperform quite well at thistagewhen tested with

simulated and/or synthetic biases, e.g., Venema et al. (2048)agree, but point out thahose

tests did not consider the urban blending problem (personal communication with Venema, 2017).

Often the homogenization process is carried out in the absence of any information about

documented changes in the station location, instrumentation, ettich the station observers

record in accompanying station histories (somet.
the widelyused GHCN dataset which we used for much of our analysis. However, while the CMA

have access t o0 adwc h a‘thslin teedieda. (201&)tha@andgenization process,

they have not yet provided public access to this important information, or to the homogenization
adjustments they applied.

In October 2017, we invited Li to share this station metadath wit and/or collaborate with us to

try and assess the accuracy of the GHCN homogenization adjustments with regards to this first stage.
We repeat thisinvitation to Liand colleagueff they are interested in helping us to advance the

scientific understanihg on this important issue.

Nonethelessthe blending problenarises from the second stage andt from the first stage. All of
LY209 s comments on t he (ihtbhenBeagtomlidelatd td therfirststagellc e s s
S2018wne showed that théolending problem is a real statistical artefact. This is also confirmed by
the statistical experiments of deGaetano (2006) and Pielke et al. (2007).

That said, quantifying the extent of the problem for a given region, such as China, is more
challenging.ni S2018wve showed that the problem was indeed substantial for a sample of 10
stations in the Beijing area which had been homogenized by He & Jia (2012) apparently using the
same station history information endorsed by LY2(1owever, the Beijing area ahighly

urbanized region of China, and it is still unknown how large the problem is for the rest of China.

In Figure 6, we plot the net gridded mean of the homogenization adjustments applied by NOAA to
the two most urbanized subsets (Figure 6a) and theepthree subsets (Figure 6lQualitatively
the longterm trends areconsistent withurban blending being be a significant problem. That is,



homogenization partially reduces the warming trends of the most urban stations, but it introduces
extra warming ito the more rural stations.

However, when we consider the period before the 1950s (and to a lesser extent, after 1990), we can
see that there is a considerable droff in station numbers for both the most urban (Figure 6¢) and

the least urban (Figure 68ubsets. Moreover, the station numbers fluctuate from decémlelecade

(and even yeato-year). That is, the stations used for calculating the average Chinese temperature
as well as the stations used for homogenizatiary substantially over the yesirAs a result, we do

not attempt to quantify here the extent of the blending problem for Chinese temperature estimates
based on homogenized data. Rather, we merely note that the problem is real and insidious, and
recommend further research to investigats extent.



Analysis of the effects of homogenization on the 494 Chinese stations
in the publicly archived GHCN version 4 dataset

(a) Mean homogenization adjustment applied to 40% most urban Chinese stations
Long-term linear trend = -0.35°C/decade (r?=0.36) l
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(b) Mean homogenization adjustment applied to 60% least urban Chinese stations
Long-term linear trend = +0.82°C/decade (r2=0.65)
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(c) Station availability for the 40% most urban Chinese stations
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(d) Station availability for the 60% least urban Chinese stations
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Figure6. Gridded mean homogenization adjustments applied by NOAA to 484 Chinese stations in version 4 of the
Global Historical Climatology Network (GHCN) dataset.
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