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1. Referee’s comment: Dear editor and authors. Thank you for the task of reviewing the manuscript 
“Warm-season hydroclimate variability in Central China since 1866 AD and its relations with the 
East Asian Summer Monsoon: evidence from tree-ring earlywood width”. The report is interesting 
and attempts to provide new exiting information of the application of traditional proxy parameters 
derived from tree rings and at the same time attempts to provide information on the relationship 
between hydroclimate and the Eastern Asian Summer Monsoon (EASM). PDSI was used before in 
relationship to EASM at a broader scale by Cook et al. (2013), Deng et al. (2013), been applied 
before. The manuscript is very interesting, tidy presented, with interesting figures. The work is 
ambitious and reach partly the objectives. I consider that the methods are appropriate to a great 
extent but not determinant to fully accept the conclusions of the study. The main problem as I see, 
is that the authors attempted to do two papers in one, one on the quality of the signal detected by 
different tree ring parameters, and one on the relationship of the reconstructed regional 
reconstruction. These are well reflected in the objectives. As a consequence, each aim is partially 
achieved, but not beyond doubts. 

Author’s Response: Thank you very much for your comments. We have strengthened the 
analysis for each aim, and hope you find this revision satisfactory. 
 
2. Referee’s comment: 1. For the aim n1, (1) “(To) compare the climate sensitivity of tree-ring 
parameters earlywood width (EWW), latewood width (LWW), and total tree-ring width (TRW) in 
P. tabulaeformis at BYS and LCM” (where BYS and LCM two study sites). The authors compare 
tree ring data with means of temperature, precipitation totals and hydroclimatic index scPDSI. This 
aim is partially reached by the authors. It needs to be completed with further assessment of LWW 
and TRW parameters have significance, but are left aside for the more sensitive EWW and not 
further analyzed. The probable relationships at different frequencies (interannual, to decadal) are 
tested only very succinctly with no exploration on the possible lags. 

Author’s Response: Thank you very much for suggestion. We enhanced the analysis to verify 
that EWW can provide much stronger hydroclimatic signals than TRW and LWW from the aspects 
of different frequency domain, lags and leads using the wavelet coherence method. Please refer to 
Line 10-12 of Page 6, Line 26-33 of Page 8, and Fig. 5 in the revision. 
 
3. Referee’s comment: Moreover, only one detrending procedure was reported, a rather 
conservative one, not that it is wrong, but certainly other routines should be tried when investigating 
aim 1. In this case, the frequency responses of each of the parameters tested should have been 
analyzed and tailor-made detrending options to preserve best the signal characteristics. The climate 
data should also be enhanced, different temperature patterns to start, min-max temperature and 
different precipitation indices. 

Author’s Response: Thank you very much for suggestion. We used other two detrending 
methods and signal-free method to create six kinds of chronologies for comparison, and to find out 
the best detrending and standardization method. Please refer to Section 2.3, Section 3.1 and Figs. 3-
4 in the revision. 



We added the maximum temperature, minimum temperature, and the SPEI of 1-month, 3-
month and 12-month to enhance the climate data. Please refer to Section 2.4, Section 3.1 and Figs. 
3-4 in the revision. 
 
4. Referee’s comment: Since there is no mention of the detrended interannual correlations except 
as in figure 8b (this is not mentioned in the methods) or the lower frequencies, the exploration of 
this frequency domain can be seen as incomplete. Please see through to discuss the differences of 
why PDSI indices are of higher relevance than precipitation alone mostly if tree rings series are 
irresponsive to precipitation. It is still unclear whether the partial correlation tests were run for 
precipitation and temperature excluding PDSI, etc please explain. 

Author’s Response: Thank you very much for pointing out these issues. we also calculated the 
correlation coefficients between the prewhitened and linearly detrended chronologies and climate 
data to indicate that no inflation of correlation due to the autocorrelations and trends. Please refer to 
Line 5-8 of Page 6, Section 3.1 and Fig. 4. Test on the lower frequencies was done using wavelet 
coherence method, please refer to the answer for Comment 1. 

In fact, the May precipiation has significant impact on tree-growth (Figs. 3-4). The reasons 
why EWW is still restricted by PDSI but not precipitation during June-July can be referred to Line 
26-29 of Page 7 in revision. 

Just as the comments of RC2 and SC1, the partial correlation tests for tree-ring width and 
precipiation, temperature, and PDSI is unreasonable, since the PDSI is calculated based on 
precipiation and temperature. Therefore, we removed the partial correlation analysis. 
 
5. Referee’s comment: The authors indicate that MJJ (early season moisture availability) can be 
driver for the growing season increment of EWW. It can be considered that previous years moisture 
also affects the present year increment (see Fritts 1976) for example. The correlations tested start 
from July in the previous year. This means that April, May and June one or two years before can 
have importance. If this analysis is done please present the results. If it is not done yet please add it 
to the report. Regarding this problem, I may suggest the authors do additional tests either wavelet 
analysis, or evolutionary and moving intervals as those available in Dendroclim package (Biondi 
and Waikul, 2004) on longer temporal extension data. On the other hand, the positive correlation of 
LWW with PDSI indicates that there is an effect of this index on tree growth at some point in the 
growing season. The relationship between August temperatures on LWW with the previous year 
may be at least discussed. The opposite patterns of correlations found for precipitation and 
temperature in May (current growing season) indicates that trade off mechanisms between these two 
factors and photosynthesis are in action through the beginning of the growing season. This may 
perhaps be clarified with extending the study period to two years before the growing season as well 
as testing residual chronologies against residuals of the climate data. 

Author’s Response: Thank you very much for pointing out these aspects needed to be considered. 
We extended the time period to the January of two years earlier. Please refer to Line 2-3 of Page 6, 
Line 10-17 of Page 8 and Figs. 3-4. We used wavelet coherence method to study the temporal 
stability. Please refer to the response for Comment 2. We discussed the possible reasons for the 
significant correlation between LWW and last August temperature, please refer to Line 10-17 of 
Page 8. Test on the residual chronologies and residuals of climate data was done. Please refer to the 
response to Comment 4. 



 
6. Referee’s comment: “(To) Attempt to reconstruct regional hydroclimate variability using the 
parameter that contains the strongest hydroclimate signals”. I think this is what the authors really 
had in mind when writing the report. I think it is brave to attempt to reconstruct regional features 
based on two sampling plots (33 trees) merged, located in the edge of the region in focus. Let alone 
to call it regional or local, to reach wider spatial representation more proxy data should be added. 
And previous to merge these datasets, more tests could have been attempted to see if both sites have 
same climatic signals. This comment is grounded on the small sample size, its only 33 individuals 
that can be deeply explored. 

Authors’ Response: Thank you for pointing out the problems. In the revision, we firstly 
calculated the correlations between the chronologies of two sites. We found that the chronologies 
showed very high correlation, indicating they shared similar climatic signals. Therefore, we merged 
the tree-ring samples from the two sites to create a composite chronology. This can be referred to 
Line 20-23 of Page 4, and Table S1 in the Supplementary material. 

The reason for that our tree-ring sites located in the edge of focus may be because the 
meteorological stations utilized by CRU scPDSI dataset were unevenly distributed and mainly 
concentrated in the west side of our tree-ring sites. Please refer to Fig. S5 and Table S4 in the 
Supplementary material. 

To capture a regional scPDSI variation, we admitted that the sample depth is too small. In the 
revision, we selected the scPDSI over a smaller space for calibration. We would take more samples 
in the future to capture a regional scPDSI variation. 

 
7. Referee’s comment: “To explore the relationship between reconstructed scPDSI with EASM”. I 
understand the need to use EASM. This exploration is also succinct. But, it can and should be 
explored more in detail. With that in mind, almost trivial analysis are well tested and available: e.g. 
evolutionary response, moving intervals, coherency and wavelet analysis among others. The aim is 
to find synchrony (asynchrony) between datasets and extreme episodes that can be used to link two 
signals. These tests can really help to clarify when and how these signals could have been related 
and the stability of the relationship. To achieve this aim, I consider that other environmental signals 
with their lags should be ruled out as well. The authors mention other circulation patterns that are 
expected to influence the climate in the study area. 

Author’s Response: Thank you for suggestion. In the revision, we tentatively explore the 
relationship between the reconstructed hydroclimate variability and EASM. Firstly, we used the 
wavelet coherence method to test the temporal stability and lags of the relationship between EASMI 
and reconstructed scPDSI. A strong in-phase relationship between EASMI and the reconstructed 
scPDSI was found before the 1940s on the decadal and longer timescales. And, this significant in-
phase relationship was further evidenced by the 21-year moving window correlation analysis on the 
decadal-filtered EASMI and scPDSI. We detailly explored the causes for the unstable relationship 
between EASMI and scPDSI using the precipiation data. We attributed the lack of correlation 
between EASMI and scPDSI partly to the change of leading mode of EASM precipitation. Please 
see section 3.4 in the revision. The influence of other circulation patterns on the climate in our 
sampling sites would be studied in the future. 

 
8. Referee’s comment: Once these issues are solved, the authors will have material to two good 



papers: one on comparison between two or three tree ring parameters and one on the reconstruction 
of scPDSI and its subsequent comparison with the EASM and other atmospheric circulation patterns. 
I consider that the authors should take a decision on this issue and work on these alternatives 
separated. Each of these alternatives are promising contributions to the scientific community. 
Further, I provide detailed comments that may improve the article readability and content to rise its 
quality to a more publishable level. 

Author’s Response: Thank you very much for your evaluation and advice. In the revision, we 
mainly focused on revealing the climatic significance of EWW and reconstructing the MJJ scPDSI. 
Further comparisons with the large-scale atmospheric circulation pattern are indeed an important 
task, but we have limited ability to dig into this issue at this stage, given that we have only one series 
based on two sampling sites, and the climate forcing are very complicated. Therefore, we only 
conducted a tentative exploration of the relationship between the reconstructed scPDSI and EASM 
(the most apparent influence factor) in section 3.4, indicating that this reconstruction could provide 
us some new understanding of the impact of EASM on local hydroclimatic condition. Please 
consider whether this part is acceptable. 
 
9. Referee’s comment: Page 1 lines 15-18: Please be so kind to avoid redundancy.  

Author’s Response: Many thanks. It was modified. Please refer to Line 20-22 of Page 1. 
 

10. Referee’s comment: Page 1 line 16, MJJ scPDSI was used to denominate both the 
reconstruction and the scPDSI data targeted which made it rather confusing. Please use other 
denomination for the reconstructed data. 

Author’s Response: Sorry for this. In the revision, we only used the MJJ scPDSI from CRU 
scPDSI 3.25 dataset for reconstruction. The comparison was deleted. 

 
11. Referee’s comment: Introduction. Generally, the introduction is somewhat confusing, mostly 
due to alternation of subjects either focusing on hydroclimatic data or the EASM. Then the real 
product of this article is a reconstruction hydroclimatic patterns, or an attempt to provide a predictor 
for the EASM, or comparisons between TRW, EWW and LWW. The authors claim that a 
comparison of the sensitivity to climate patters is the first objective, then the introduction should 
start in that way, and not focusing on EASM or scPDSI indices. WDI should be properly introduced 
and described. 

Author’s Response: Thank you for pointing out this problem. We modified the introduction 
thoroughly with focusing on tree-ring directly rather than EASM or scPDSI. Please see Section 1 in 
the revision. The “WDI” in the comment may be “DWI” as we think, it was detailly described in 
the Line 18-23 of Page 5, as it was only used for comparison with our reconstruction. 

 
12. Referee’s comment: Page 1, lines 24-25. Please consider explain the frequency domain of these 
examples as well as the temporal extension. If the aim is decadal to interdecadal variability, the 
authors could explain these anomalous events in this frequency context. Anomalous in terms of 
strength of the wind? The timing in the season? The spatial extension? Please explain. 

Author’s Response: This part was removed. In the revision, we start the introduction from tree-
ring based reconstruction, and intra-annual tree-ring width directly. The EASM is not the key part 
of the introduction. 



 
13. Referee’s comment: Page 2, lines 4-5. The study is not focused on comparison with other 
proxies please reword. 

Author’s Response: This part was removed, as we focused on tree-ring based reconstruction, 
and intra-annual tree-ring width parameters in the introduction. 
 
14. Referee’s comment: Page 2 lines 14-15. ”and suggested the use of tree-ring stable isotopes to 
capture hydroclimate signals” Is this sentence relevant to the study? It suggests that the study 
focuses on these proxies.  

Author’s Response: Many thanks. We removed this sentence. 
 
15. Referee’s comment: Page 2, line 20 . “These findings inspired us reconstructing hydroclimate 
variations...” please change to inspired us “to reconstruct...” please consider that reconstructions of 
past climate can not be achieve by inspiration alone. Intensive experimentation is a previous process 
in such an attempt. More over this sentence introduces the study aims, but later, the authors continue 
with introductory facts. Please consider to move this sentence further in the introduction. 

Author’s Response: Many thanks. We removed this sentence and clarified our aims only in the 
end of the introduction. 
 
16. Referee’s comment: Methods The authors are too general in the description of the methods. 
Please be specific to guarantee reproducibility of the results. 

Author’s Response: Thank you very much for this suggestion. We added more detail 
descriptions in the method section including the different detrending and standardization methods, 
correlation analysis, prewhitening and detrending methods, low-pass filtering methods and so on. 
Please refer to Section 2.3 and 2.5. 
 
17. Referee’s comment: Page 3 lines 3-9: Please indicate the extension of the datasets do they start 
in 1887? Please indicate correlation values of detrended data, either residuals or first differences, 
otherwise is a trend relationship that the authors are describing. 

Author’s Response: Thank you very much for this suggestion. Extension of the datasets were 
indicated in Line 13 of Page 4 in the revision. Correlation were tested based on both the original 
standard and signal-free chronologies and their prewhitened and linearly detrended series. Please 
refer to Line 20-23 of Page 4 and Table S1 in the Supplementary material. 
 
18. Referee’s comment: Page 3 line 19-27. With aims of reconstruct climate data, would it not be 
better to keep two separate chronologies and use them as independent predictors to the PDSI? 
Provided that there are issues on the signal strength and intercorrelation between the two datasets 
may expected to be higher due to the distance between sites, whereas it may be expected to have 
different climatic signal due to the altitude difference. 

Author’s Response: Please refer to responses for Comment 6 and Comment 17. 
 
19. Referee’s comment: Page 3 lines 32 to Page 4 line 1: “and were quality checked before release” 
vague sentence and perhaps not really relevant as written here if the authors of this article have not 
done this quality check. What do the authors mean with quality check? Is the data homogenized in 



any way? 
Author’s Response: Sorry for this. We mean the “quality check” is the homogeneity and missing 

values had been checked and corrected by the China Meteorological Administration before publish 
the data. We deleted this sentence in the revision. 
 
20. Referee’s comment: Page 4 line 4. PDSI is not described in the introduction either its 
application in relevant articles in the area. Please be so kind to complete or specify. 

Author’s Response: Thank you for this suggestion. It was done. Please refer to Line 20-23 of 
Page 2. 
 
21. Referee’s comment: Please be specific what frequency domain is tested in the correlation test. 
Only data with no autocorrelation can give interannual responses without low frequency noise. If 
the standard versions of the chronologies were used the authors, they should indicate the possibility 
of inflated correlation values due to the slope effects of the curves. 

Author’s Response: Thank you for this suggestion. We used the prewhitened and linearly 
detrended chronologies and climate data to calculate the correlations. Please refer to Line 4-8 of 
Page 6. 
 
22. Referee’s comment: Page 4 lines 8-10. Please be more specific on what limiting factors, since 
the authors are performing the analysis at this stage, do they assume hydrological deficit is a limiting 
factor? Or temperature alone? Regional means, or extremes, etc. 

Author’s Response: Thank you for this suggestion. It was done. Please refer to Line 13-15 of 
Page 6. 
 
23. Referee’s comment: Page 4 line 11: “For hydroclimate reconstruction”, grammatically 
incorrect, please revise. 

Author’s Response: Thank you for this suggestion. It was done. 
 
24. Referee’s comment: Page 4 line 13: Please specify the periods which were used to split the 
data. 

Author’s Response: Thank you for this suggestion. It was done. Please refer to Line 16 of Page 
6. 
 
25. Referee’s comment: Page 4 line 13: The authors could be so kind to add Durbin Watson test 
and Cox and Stuart Tests for the autocorrelations of the regression residuals. 

Author’s Response: Thank you for this suggestion. It was done. Please refer to Line 18-23 of 
Page 6, Table 3, and Fig. 6b in the revision. 
 
26. Referee’s comment: Page 4 Lines 13-14. Please be specific: What spatial data were compared 
the reconstructed time series with? 

Author’s Response: It’s the CRU scPDSI 3.25 dataset (van der Schrier et al., 2013). It was added 
in the revision. Please refer to Line 29-31 of Page 6. 
 
27. Referee’s comment: Page 4 line 16. Please explain the criteria for selection of the spatial 



extension of the scPDSI data used in the study. 
Author’s Response: We selected this spatial extension of the scPDSI because the scPDSI in this 

area has the highest correlations with our EWW, although it was in the west side of our tree-ring 
sites. This may be because the meteorological stations utilized by CRU scPDSI dataset were 
unevenly distributed and mainly concentrated in the west side of our tree-ring sites. Please refer to 
Line 6-9 of page 5, Fig. S5 and Table S4 in the Supplementary material. 
 
28. Referee’s comment: Page 4 lines 21-24. This description introduces the reader to EASMI 
indices and should be properly described in the introduction. If you please. 

Author’s Response: Thank you very much for this suggestion. It was done. Please refer to Line 
22-25 of Page 2. Besides, we detailly described this EASMI in Line 23-31 of Page 5. 
 
29. Referee’s comment: Page 4 lines 15-20. Could you please indicate the length of the time series 
named here. 

Author’s Response: It was done. Please refer to Line 15-18 of page 5. 
 
30. Referee’s comment: Page 4 line 21. Vague sentence since the term “notions” is confusing in 
this context, please reword. 

Author’s Response: Thanks. It was done. 
 
31. Referee’s comment: Page 4 lines 24-25. Please describe how this index was calculated, even if 
it is described in Zhao et al. (2015). 

Author’s Response: Thanks. It was done. Please refer to Line 25 of Page 5. 
 
32. Referee’s comment: Page 4 line 25. “the used 200 ha...” Please remove “The used” 

Author’s Response: Thanks. It was done. 
 
33. Referee’s comment: Page 4 line 31. First differences or trends? Please see comment on this 
issue above reference to the page 4 lines 7-10. 

Author’s Response: In the revision, we tested the correlations between EASMI and our 
reconstruction on different frequency domain using the wavelet coherence method. When we 
compared the decadal filtered EASMI, scPDSI, and Precipiation, we used Pearson’s correlation 
analysis, and the significance of correlation coefficients were tested using Monte Carlo method. The 
significance of correlations between tree-ring width and climate data was also tested using Monte 
Carlo method. Please refer to Line 14-19 of Page 7. 
 
34. Referee’s comment: Page 4 line 30-34. I Don’t understand, is this only one procedure? 
correlation tests on FFT filtered series? And that is why the authors adjusted the degrees of freedom, 
right? 

Author’s Response: Sorry for this. Since the time series were lowpass filtered by FFT, their 
degrees of freedom were changed. We test the significance of correlations between the filtered series 
according to Yan et al., (2003). In the revision, we tested the significance for all correlations using 
Monte Carlo method. Please refer to Line 14-19 of Page 7. 
 



35. Referee’s comment: Page 4 Line 34 to page 5 line 5: Is this the spatial correlation the authors 
used Climate explorer suite? Please explain how this was done, for example, lags, filtering, first 
differences, etc. 

Author’s Response: Sorry for not detail explanation. The Climate Explorer suite cannot provide 
correlation on the decadal filtered series. We lowpass filtered all time series, and calculated the EOF, 
correlations using Matlab and draw the plots using Surfer 10. Please refer to Line 12-13 of Page 7. 
 
36. Referee’s comment: Page 4 line 34. These datasets can be used to represent temperature and 
precipitation, rather than “reproduce”. 

Author’s Response: Many thanks. It was done. Please refer to Line 33-34 of Page 5. 
 
37. Referee’s comment: On the methods section, the descriptions of the data are good, but can be 
favorable to present it as well in a table.  

Author’s Response: Many thanks. It was done. Please refer to Table 1-2. 
 
38. Referee’s comment: In addition, pleas be so kind to check for repetition in lines 4-6 and 16-17 
in page 4. 

Author’s Response: Many thanks. We only used the CRU scPDSI dataset for reconstruction, and 
removed the comparison. 
 
39. Referee’s comment: Page 5 lines 8-9: If the extension of the chronology are not specific results 
of this research should be stated in the methods section. Moreover, these descriptions temporal 
extension of the data, EPS, Rbar, mean, etc. are better presented in a table. If the authors will keep 
the paragraph, please add some values, these give base to the comparison between chronologies. 
For example, how much stronger were the common signals of EWW? 

Author’s Response: Thank you for your suggestion. As this part is not our aim in the revision, 
we only mentioned the extension of chronology in Section 2.3. Meanwhile, the statistics of the 
chronologies are presented in the form of tables shown in the Supplementary material (Table S2 and 
Table S3.) 
 
40. Referee’s comment: Page 5 line 20: Please revise the grammar, “time stable” change to “is 
more stable through time than...” but then what do the authors mean with this? Could you please 
prove this with values? 

Author’s Response: Sorry for this. Here we mean that the relationship of EWW and MJJ scPDSI 
showed more stable through time than LWW and TRW. This was done by 21-year moving 
correlation analysis in the original manuscript. In the revision, we used the wavelet coherence 
method. Please refer to Line 26-33 of Page 8, and Fig. 5. 
 
41. Referee’s comment: Page 5 line 23. “By contrast, LWW almost has no significant correlations” 
please add the values to make it comparable, and change “almost has no” to “has almost no...” 

Author’s Response: Thank you for pointing out this issue. It was done. Please refer to 2-7 of 
Page 8. 
 
42. Referee’s comment: Page 5 line 24. A conceptual observation, LWW can not induce anything... 



The researchers included LWW information in TRW information. The effect is understandably a 
decrease of climate sensitivity for the months and frequency tested. But please consider to test the 
data with no trends. 

Author’s Response: Thank you for suggestion. The sentence has been modified. Please refer to 
Line 8-11 of Page 9. The tests with no trend were conducted. Please refer to the response for 
Comment 4. 

 
43. Referee’s comment: One more observation: the positive correlations between tree ring data and 
temperature and PDSI in months other than growing season can be seen as an alarm. Is it possible 
that there is an artefact rising the correlation values? Following the same reasoning, the spread of 
the correlation values is quite low both before and after the growing season, and I do not think that 
the trees continue photosynthesizing in December? This issue needs to be explored and analyzed 
more deeply before publication. 

Author’s Response: According to the previous studies relevant to the seasonal dynamics of 
cambial activities in P. tabulaeformis (Line 10-17 of Page 3 in the revision), the tree would could 
not photosynthesize in December, and the earlywood growth could terminate in the mid-July. The 
significant correlations between EWW and scPDSI after the growing season may be ascribed to the 
characteristic of scPDSI which has a strong autocorrelation with previous months. This has been 
clarified in Line 31-32 of Page 7 and Line 1 of Page 8.  

The significant correlation between EWW and temperature in November seemed caused by the 
low-frequency, as there is no significant correlation was found between their first-order difference 
(Fig. 1). Since the Referee 2 argued that the correlations analysis between tree-ring width the and 
climatic factors in November and December is unreasonable, we deleted the correlation analysis in 
the revision. 

 
Fig. 1 Linear regression between the first-order difference of the NELR based EWW STD 

chronology and the Tmean in November of the growth year 
 
44. Referee’s comment: Page 6 line 5, did the authors consider two chronologies for predictors of 
scPDSI? 



Author’s Response: Thank you for pointing out this issue. The number of our tree-rings samples 
were limited, especially in the LCM, where only 11 trees were only obtained. We found the tree-
growth at the two sites shared very similar variations, manifesting the similar climate forcing. 
Therefore, we merged the tree-ring samples from LCM and BYS to get a chronology and used for 
calibration with scPDSI. We would take more samples in the future to capture a regional scPDSI 
signals. Please refer to the response to Comment 6. 
 
45. Referee’s comment: Page 6 lines 12-13. “We restored the variance of reconstruction... “ Do the 
authors mean scaled? Also consider pleas to add “the” before “reconstruction”.  

Author’s Response: Yes, it is. Please refer to the equation (1) in the revision (Line 25 of Page 
6). “the” was added. 
 
46. Referee’s comment: Page 6 lines 15-16. Please indicate the frequency domain the correlation 
is tested on. 

Author’s Response: In the revision, we tested the correlation between the reconstruction and 
other hydroclimatic series on the interannual, and decadal and longer timescales, respectively. 
Please refer to Section 3.3 in the revision. 
 
47. Referee’s comment: Page 6 lines 19-21. Please consider the number of datasets used in Cook 
et al, 2010 (>300) in relation to this study where the authors used two chronologies, it could be 
argued that the spatiotemporal signal strength in this study is restricted to the area shown in the 
figure 1. But also, be so kind to consider the different target seasons of these datasets (MJJ and JJA). 
In relation to the figure 1(b): Do the authors refer to NADA dataset only to the grid point indicated 
in the map with the red triangle? If so, it is not clear in the text, or in the figure. I also consider that 
a suggestion that NADA is biased and the results presented here are more correct is premature (just 
on regard of the sample size). 

Author’s Response: Many thanks for pointing out these issues. The MADA grid is labeled using 
a red triangle in Fig. 1. Its coordinate is included in the text. Please refer to Line 15 of Page 5. In 
the revision, we only discussed the mismatches between our reconstruction and the MADA and the 
possible reasons, and removed the argument that MADA is biased in recent decades. Please refer to 
Section 3.3. 
 
48. Referee’s comment: Page 6 lines 21-22. As mentioned before, please report the frequency 
domain of the test. 

Author’s Response: Please refer to answer for Comment 46. 
 
49. Referee’s comment: Page 6 lines 25-26. Please notice that Van der Schrier et al. (2013) explains 
values between 2 and 3 (-2- -3) as moderated wet (moderately dry). Since the authors are using their 
data is worth to be consistent with their definition. Page 6 lines 26-32. It could be valuable if the 
authors could show some statistics (significance) of these coincident events and if possible, 
described events shown in different sources that are not detected by the reconstruction.  

Author’s Response: Many thanks for this suggestion. It was done. Please refer to Line 12-18 of 
Page 10 and Table 4 in the revision. 
 



50. Referee’s comment: Page 7 lines 5-6. Very interesting! Please consider explain in the methods 
how this breaking point (1956) was established.  

Author’s Response: Sorry for this. The breaking point was roughly determined visually. In the 
revision, we used the wavelet coherence method, and it was showed the breaking point was located 
around the 1940s. Please refer to Fig. 8. 
 
51. Referee’s comment: Page 7 lines 12-13. Please explain this claim, what is the importance of a 
dipole pattern? Is it meaningful? Is a dipole pattern contrasting to conditions previous 1950s decade? 
Page 7 line 13. Please demonstrate this claim with some tests.  

Author’s Response: The dipole pattern means the contrast precipitation anomalies over south 
and north part of East China, this pattern receives much attention in China because it concerns the 
allocation of water resources. However, this issue is beyond the scope of this paper, so we did not 
explain it in details and only use the phrase “dipole pattern” to describe the distribution feature of 
precipitation. As shown in Figs. 10b, the dipole pattern was mainly occurred since the late-1970s.  
In contrast, the variation of precipiation anomalies before the 1970s were similar in the south and 
north of the Yangtze River (Figs. 10a). We attributed the unstable relationship between EASMI and 
scPDSI partly to the changed leading mode of EASM precipiation. Please refer to Paragraph 2 of 
Section 3.4. 
 
52. Referee’s comment: Page 7 line 14. Please change “and there are no significant spatial pattern 
changes” for “and there are no significant changes on the spatial patterns”. 

Author’s Response: Many thanks. We have modified the discussion in this part. Please refer to 
Section 3.4. 
 
53. Referee’s comment: Figure 1(a) units or information on the color bar are missing. Figure 1(b) 
Please add code or name of the stations, altitude can be also relevant. Since the EASM is relevant 
to the article can be good to indicate the spatial influence of this phenomena in the map. Figure 1 
caption Page 17 line 3. Please change “Cycle” for “circles”. “Monsoon atlas...” “...grid point triangle” 
please reword this sentence, since it is not altogether clear what the authors mean. The last sentence 
“and the range ...” please clarify that is a selection taken from Van der Schrier et al., (2013) larger 
dataset. 

Author’s Response: Many thanks. It was done. 
 
54. Referee’s comment: Figure 2. Please list the stations if possible, with the temporal extension.  

Author’s Response: Many thanks. It was done. 
 
55. Referee’s comment: Figure 3. Please change “piece” for “section”. These examples usually list 
the sample ID.  

Author’s Response: Many thanks. It was done. Besides, we have moved this figure to the 
Supplementary material. Please refer to Fig. S1. 
 
56. Referee’s comment: Figure 4. Figure caption line 4. Please change “size” for “depth”.  

Author’s Response: Many thanks. It was done. Besides, we have moved this figure to the 
Supplementary material. Please refer to Fig. S4. 



 
57. Referee’s comment: Figure 5. Is this figure really relevant? Please write the names of the 
datasets.  

Author’s Response: Thank you for your suggestion. We deleted this figure. 
 
58. Referee’s comment: Figure 6. This is a key figure for the study. It must be complete. Please 
add at least from April in the previous growing season, and I wish to suggest the authors to add 2 
years before the current growth year. I assume these correlations are run with the standard 
chronologies which probably contain a significant amount of trends. A figure similar to this could 
be added with prewhitened tree ring and station data for each chronology.  

Author’s Response: Thank you for your suggestion. Please refer to the new Fig. 4 in the revision. 
 
59. Referee’s comment: Figure 7. It is a very interesting figure. This can be completed with LWW 
and TRW information, to rule out the possibility that there has been loss of signal for LWW. The 
figure itself is good and illustrative but highlights that no lags were tested. Consider that this figure 
is made on time span after 1956, a date that the authors claim there is a change in the relationship 
of hydroclimatic variability and EASM. Thus this figure is restricted to “actual” conditions and not 
useful to illustrate past relationships. This is a subtle problem that challenges the temporal stability 
of the relationship between the datasets tested (tree-rings and climate). 

Author’s Response: Thank you for your suggestion. Here we used the Fig. 5 to replace the 
original Fig. 7. The Fig. 5 can display both the temporal stability and lags of the relationship between 
tree-ring parameters and MJJ scPDSI. 
  The original Figure 7 was used to tested the temporal stability of the relationship between EWW 
and scPDSI, precipitation, and temperature, but not EASMI. This figure only indicated that EWW 
had much stable relationship with MJJ scPDSI than with precipiation and temperature. In addition, 
the reconstructed MJJ scPDSI can be validated by other hydroclimatic reconstructions and historical 
document records (Please refer to the Section 3.3 in the new revision). So, we think there is no 
problem in the reconstruction. 
 
60. Referee’s comment: Figure 8. Caption: a, “Raw time series” is this the raw chronology? or 
standard chronology “raw”?. b, 1st order difference over raw time series or standard chronologies? 
Please add some statistics on the figure, and analysis of residuals. 

Author’s Response: Many thanks. It was done. Please refer to Fig. 6. 
 
61. Referee’s comment: Figure 9. It is demanding for the reader to guess all the time whether is 
scPDSI reconstruction or original data. Please make a denomination of the reconstructed index. 
Please add the authors in the corresponding axis of the charts. There is a lag between precipitation 
and scPDSI (d). This is not discussed at all, as the information in this figure is hardly integrated in 
the manuscript. 

Author’s Response: Many thanks. The comparison with CRU scPDSI dataset were removed and 
the data was only used for calibration and reconstruction. Authors for corresponding reconstruction 
were added. The lag and mismatches were detailly discussed in revision. Please refer to section 3.3 
and Fig. 7.  
 



62. Referee’s comment: Figure 10, caption. Please indicate what type of filter. Pearson correlation? 
Author’s Response: Many thanks. It was done. Please refer to Fig. 9. 

 
63. Referee’s comment: Figure 11, please indicate what represent the color bar in the figure. 
Caption: Please indicate what type of filter, reconstructed scPDSI? source of the datasets: “author 
et al (year)”, Mean (?) temperature. This figure answers the question “is any change of atmospheric 
regime in the EASM area” not altogether relevant with the objectives, since the time domain is 
marginal within the reconstruction period. Are the rivers set as geographical reference? 

Author’s Response: Many thanks. Since we found a decreased correlation between the 
reconstructed scPDSI and EASMI, we want to use this figure illustrate that decreased correlation 
may be associated with the change of leading EASM mode. The information of color bar, filter, 
rivers for reference were added. Please refer to Fig. 10. 
 
64. Referee’s comment: Missing in the manuscript: The more urgent motivation, local 
reconstruction, should have more local facts. More accurate description of the data, what was 
originally used for and why was it relevant to this one study. Often reports do not include such 
information, but since the dataset is small, it is worth to convince the reader of the robustness of the 
data. An overview table and figures with the chronology information: this because different tree ring 
datasets are compared. This comparison must be done in deep. An overview table with the climate 
data used, An overview of the data used for comparison (discussion) Better descriptions of the 
methods used (more accurate) Better descriptions of some of the datasets e.g. DWI. The relevance 
of the findings. Why are these results valuable? Please be so kind to explain. Axis information in 
the figures (color bars information) Text information within the figures. Acronyms to the specific 
datasets, two datasets can not be called in the same way. Please fix this detail. 
  Author’s Response: Thank you very much for pointing out these issues. We modified the 
introduction to clarify our motivation. The overview table and figures of the chronology information 
were added. Please refer to Fig. S4, Table S2 and Table S3. The table of climate data and 
reconstructions used for comparison can be referred to Table 1 and Table 2. Descriptions about DWI 
were added in the Line 18-22 of Page 5. The findings from the comparison between our 
reconstruction and other hydroclimatic reconstruction were detail discussed. Please refer to Section 
3.3. Information of the axis, color bars were also added. The CRU scPDSI 3.25 data was only used 
for calibration and reconstruction, and the comparison was deleted. 
  



Response to referee comment 2 
 
1. Referee’s comment: Using reanalyzing tree-ring material from Shi et al. (2012), this manuscript 
found that EWW was a better hydroclimatic index in central China than TRW and LWW. The author 
reconstructed the growing season scPDSI based on standard procedure of dendroclimatology, and 
proved the fidelity of the reconstruction. I totally agreed another reviewer’s comments, and suggest 
publication after they fully consider the comments. My confusions are listed as following:  

Author’s Response: Thank you very much for your review and comments. We have revised the 
manuscript according to your suggestions. Please see details below. 

 
2. Referee’s comment: Pinus tabulaeformis may stop radial growth during November and 
December in the study area. It may be unreasonable to consider these months for Pearson’s 
correlation in line 8 of page 4 and Figure 6.  

Author’s Response: Many thanks for suggestion. We have deleted the climate response analysis 
for these months. Please refer to the line 3-4 of page 6 and Figs. 3-4 in the revision. 
 
3. Referee’s comment: The MJJ scPDSI was reconstructed based on downloaded scPDSI (32◦-
35◦N, 110◦-112◦E), it is unnecessary to compare them again in Figure 9. 

Author’s Response: Thanks. We have removed this comparison. Please refer to Fig. 7 in the 
revision. 
 
4. Referee’s comment: I’m confused about the contents in lines 18-19 of page 5. Since the 
calculation of scPDSI was based on multi-proxies including precipitation and temperature, the result 
of partial correlation (r = 0.59, p < 0.01) that removed the effects of temperature and precipitation 
could only indicate that factors other than precipitation and temperature control tree-ring growth. 
It’s not helpful for your conclusion. 

Author’s Response: Thank you very much for pointing out this unreasonable analysis. We 
deleted this analysis. 
 
5. Referee’s comment: After you reconstructed MJJ scPDSI using the linear model, do you deal 
the reconstruction with special method to make it match the variance of instrumental scPDSI? and 
how? (Page 6, line 12-13). I’m interested in it. 

Author’s Response: Yes, we have adjusted the variance of reconstructed MJJ scPDSI so that it 
has the same variance with the actual MJJ scPDSI. The detail method was shown as the equation 1 
in Page 6 Line 25 in the revised manuscript. 
 
6. Referee’s comment: The reasons for the unstable relationship between scPDSI reconstruction 
and EASM are simply discussed. Is it caused by the calculation method of EASM? Because there 
are several EASM indices calculated in different ways. Do you try to compare your reconstruction 
with other EASMI, such as EASMI from Jianping Li? 

Author’s Response: Thank you very much for this question. We added more discussion for the 
unstable relationship between scPDSI reconstruction and EASM. Please refer to Section 3.4. 

It is well known that there are many EASMI. We could get different results if we used different 
EASMI. However, before the analysis, it is necessary to select an EASMI which had the best ability 
to capture the precipitation over East Asia and with clear physical mechanisms. The EASMI of Zhao 



et al., (2015) has been proved to show better ability in depicting the precipitation and temperature 
over East Asia compared with previous indices, this can be referred to Zhao et al., (2015). 

As shown in Fig.1, the EASMI of Zhao et al., (2015) had significant positive correlations (p < 
0.05) with the May-July precipitation over the south of the Yangtze River on the decadal and longer 
timescales during the period 1901-2005, indicating that it can capture the Meiyu precipitation which 
is the most appropriate indicator of EASM as suggested by Wang et al., (2008). In comparison, the 
EASMI of Li and Zeng (2005) had limited ability in depicting the precipitation variability. 

 
Fig. 1 Pearson correlation coefficients between the decadal-filtered May-July precipitation and 
EASMI ((a) Zhao et al., 2015; (b) Li and Zeng (2005)) during the period 1901-2005 over East Asia.  
 
Reference: 

Li, J., and Zeng, Q.: A new monsoon index, its interannual variability and relation with monsoon 
precipitation, Climatic and Environmental Research, 10, 351–365, 2005. 

Wang, B., Wu, Z., Li, J., Liu, J., Chang, C.-P., Ding, Y., and Wu, G.: How to measure the strength of the 
East Asian Summer Monsoon, J. Climate, 21, 4449–4463, https://doi.org/10.1175/2008jcli2183.1, 2008. 

Zhao, G., Huang, G., Wu, R., Tao, W., Gong, H., Qu, X., and Hu, K.: A new upper-level circulation 
index for the East Asian Summer Monsoon variability, J. Climate, 28, 9977–9996, 
https://doi.org/10.1175/jcli-d-15-0272.1, 2015. 
 
  



Response to short comment 1 
 
1. Shorth comment: The authors selected the earlywood width to reconstruct the early summer 
drought in eastern Qinling Mountain. Their reconstruction follows standard methods and presented 
new datasets. The authors also have some discussion on the drought regimes in relation to EASM. 
I agree with publication after a revision. I have some suggestions as shown below. 

Author’s Response: We really appreciate your valuable comments and suggestions. We have 
carefully revised the manuscript and hope you find this revision satisfactory. Please see details below. 

 
2. Shorth comment: line 35, p2, I feel that there are many tree-ring data in southern China is related 
to hydroclimate. This is not rare. 

Author’s Response: Sorry for the inaccurate description here. We made a new summary about 
the hydroclimatic related tree-ring data in southern China. Please refer to line 5-11of page 2 in the 
revision. 

 
3. Shorth comment: line 21-24, p4, you mentioned the monsoon indices by Wang and then you 
actually used the one by Zhao. I think you just need to mention the one by Zhao. You may need to 
introduce why this one is better and then you select it, but not just because it is longer. You may also 
do not need to detail the reanalysis data that used to derive the indices. I suggest you to focus on the 
introduction of the key part of this index. 

Author’s Response: Many thanks for this suggestion. We added more descriptions for the 
EASMI developed by Zhao. Please refer to line 23-31 of page 5 in the revision. 
 
4. Shorth comment: line18-19, I do not understand well on why you calculate partial correlation 
with temperature and precipitation, because actually pdsi are calculated based on the temperature 
and precipitation. So they are related. Please add some explanations. 

Author’s Response: Thank you very much for pointing out this question. Just as suggested by 
RC2, this analysis is unreasonable, and we removed it from our revision. 
 
5. Shorth comment: is it common for earlywood to respond to early summer moisture but the 
latewood has no response? It would be interesting to add more interpretation on this part in the 
revision. I am curious why the latewood has no correlation at all. 

Author’s Response: Thank you for this question. In fact, the latewood still had a significant 
response to early summer moisture (scPDSI) as displayed in Fig. 3-5 in the revision, but the response 
was not as strong and stable as those found in earlywood. We added the interpretation for the less 
sensitivity of LWW to early summer moisture. Please refer to Line 7-8 of Page 9. 

 
6. Shorth comment: I feel that figure 3 can be moved into the appendix 

Author’s Response: Thank you very much for suggestion. Since we have lots of new figures and 
tables, we moved the figure 3 into the Supplement material. Please see Fig. S1. 
 
7. Shorth comment: it is interesting you found a shift in correlations in the 1950s. This may be 
related to a shift between monsoon and local precipitation. You can use long instrumental 
precipitation to test their relationships. It is also helpful to add more discussion in relation the dipole 



pattern. This can be a novel point of the study 
Author’s Response: Many thanks for suggestion. We used the GPCC precipitation (1901-2005) 

to make comparisos between the EASMI and reconstructed scPDSI. Discussion relevant to the 
dipole pattern and its driving mechanisms were also enhanced. Please refer to Section 3.4 in the 
revision. 
 
8. Shorth comment: The authors identified 10 anomalously dry years and 11 anomalously wet 
years in the reconstruction period, and most of the anomalously dry (wet) years could be verified 
by corresponding descriptions in historical documents. Seems that there are some mismatches with 
the reconstruction, such as the flooding in 1954 and 1998 and the drought in 1958. Please add more 
discussion. 

Author’s Response: Thank you for this suggestion. We added some discussion about the 
mismatches and causes in line 14-18 of page 10 in the revision. 
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Early summer hydroclimatic signals were well captured by tree-ring 
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Abstract. Tree-ring width (TRW) chronologies could only provide limited amount of moisture-related climatic information 10 

in the humid and semi-humid regions of China; thus, it is worth to explore the potentials of the intra-annul tree-ring width 

indices (i.e., the earlywood width (EWW) and latewood width (LWW)) to provide some additional climatic information. To 

fulfill this task, TRW, EWW and LWW were measured from the tree-ring samples of Pinus tabulaeformis in a semi-humid 

region, that is, the eastern Qinling Mountains, Central China. Their standard (STD) and signal-free (SSF) chronologies were 

created using different detrending methods including (1) negative exponential function together with linear regression with 15 

negative (or zero) slope (NELR), (2) cubic smoothed splines with a 50% frequency cutoff of 67% of the series length (SP67), 

and (3) age-dependent splines with an initial stiffness of 50 years (SPA50). The results showed that EWW chronologies were 

significantly negatively correlated with temperature, but positively correlated with precipitation and soil moisture conditions 

during the current early growing season. Comparatively, LWW and TRW chronologies had weaker relationships with these 

climatic factors. EWW STD chronology with the detrending method of NELR contained the strongest climatic signal, 20 

explaining 50% variance of the May–July self-calibrated Palmer Drought Severity Index (MJJ scPDSI) during the instrumental 

period 1953–2005. Based on this relationship, the MJJ scPDSI was reconstructed using a linear regression function with strong 

statistical parameters over the period 1864–2005, and the reconstruction was further validated by comparing with other 

hydroclimatic reconstructions and historical document records in adjacent regions. On the decadal and longer time scales, a 

stable relationship between the reconstructed MJJ scPDSI and the East Asian Summer Monsoon index (EASMI) only existed 25 

until the 1940s, partly because the study region is outside of the mei-yu/changma/baiu rainband where the influence of EASM 

on precipitation is supposed to be stable. The climatic potential of intra-annual tree-ring indices might be explored in the future 

at other sites in humid and semi-humid regions. 

 

删除的内容: Warm-season hydroclimate variability in Central 30 
China since 1866 AD and its relations with the East Asian 

Summer Monsoon: evidence from tree-ring earlywood width

删除的内容: Historical hydroclimate records derived from tree-ring 

parameters are scarce in the core region of East Asian Summer 

Monsoon (EASM) in China, limiting our understanding of the inter-35 
decadal hydroclimate variability of this region and its possible 

connections with the EASM. In this study, 
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1. Introduction 

Most of the existing tree-ring width (TRW) based hydroclimatic reconstructions have fallen in the regions between the 200-to 

600-mm annual precipitation isolines in China (Liu et al., 2018b), close to the northern fringe of Asian Summer Monsoon. 

Comparatively, there are still a small amount of hydroclimatic reconstructions in the core monsoon region, for example, a few 

case studies in Southeast China (e.g. Cai et al., 2017; Chen et al., 2016a; Shi et al., 2015), North China (e.g. Chen et al., 2016b; 5 

Hughes et al., 1994; Lei et al., 2014; Liu et al., 2002), and the Hengduan mountains in Southwest China (Fan et al., 2008; Fang 

et al., 2010; Gou et al., 2013; Li et al., 2016). Since precipitation is spatially variable (Ding et al., 2013), hdyroclimatic 

variations in the monsoon fringe can not completely represent those in the core monsoon region (Liu et al., 2018b). Thus, more 

hydroclimatic reconstructions are needed in the monsoon region. 

Some TRW chronologies within the monsoon region showed weak or unstable hydroclimatic signals (e.g. Li et al., 2016; Shi 10 

et al., 2012; Wang et al., 2018), unable to be used for reliable reconstruction. Intra-annually resolved tree-ring width (i.e., 

earlywood width (EWW) and latewood width (LWW)), however, provided stronger hydroclimatic signals than TRW in some 

cases (Chen et al., 2012; Zhao et al., 2017 a, b). This might be related to the seasonal movement of monsoon rainbelt which 

causes water restrictions on tree growth during parts of the growing season (Liu et al., 2018a). 

The eastern Qinling Mountains are located within the core region of East Asian Summer Monsoon (EASM), and are 15 

characterized by a transitional climate from warm-temperate to subtropical. In this region, Shi et al. (2012) has built four TRW 

chronologies of Pinus tabulaeformis along an elevation gradient in Mount Funiu. The TRW chronologies from the two low-

altitude sites, Baiyunshan (BYS) and Longchiman (LCM), exhibited a positive response to precipitation and negative response 

to temperature during early summer, showing some kind of water stress. However, the dendroclimatic potentials of EWW and 

LWW were not explored. Meanwhile, tree-growth at an adjacent site was more restricted by the drought index, PDSI (Palmer 20 

Drought Severity Index), than precipitation and temperature (Peng et al. 2014), indicating that this parameter should also be 

incorporated into the analysis. In addition, Zhao et al. (2015) proposed a new East Asian Summer Monsoon index (EASMI), 

which shows a good performance in describing summer climate variability over East Asia. This allows us to study the response 

of local hydroclimate to EASM with these tree-ring materials and the newly proposed EASMI. 

Since the TRW of P. tabulaeformis in BYS and LCM were mainly restricted by the early summer moisture condition, we 25 

hypothesize that the early summer hydroclimatic signals might be strengthened only using EWW, with the exclusion of LWW 

from TRW. Therefore, the objectives of this study are (1) to verify that EWW is more sensitive to early summer hydroclimatic 

factors than TRW and LWW for P. tabulaeformis at BYS and LCM, (2) to reconstruct early summer hydroclimate variations 

using EWW, and (3) to tentatively explore the relationship between the reconstructed hydroclimate variability and EASM. 

删除的内容: standard chronologies of total tree-ring width (TRW), 30 
earlywood width (EWW), and latewood width (LWW) were created 

using tree-ring samples of Pinus tabulaeformis in the eastern Qinling 

Mountains, Central China. The strongest growth-climate relationship 

was found between EWW and May–July self-calibrated Palmer 

Drought Severity Index (MJJ scPDSI). Therefore, a linear regression 35 
model, which explained 50.3% of the variance in MJJ scPDSI (1951–

2005), was developed to estimate the past MJJ scPDSI variations 

using EWW. The time series of MJJ scPDSI was extended back to 

the year 1866, and validated by independent hydroclimate series from 

nearby regions. Before the mid-1950s, the variations of MJJ scPDSI 40 
were in-phase with those of EASM intensity on decadal and longer 

timescales, suggesting that wet conditions would occur in the eastern 

Qinling Mountains when EASM was strengthened. Since the mid-

1950s, however, the relationship has been out-of-phase. This phase 

change may be associated with an intensified dipole pattern of EASM 45 
precipitation. 

删除的内容: Anomalous East Asian Summer Monsoon (EASM) 

activity can cause severe drought and flood events in its impact area, 

leading to great loss of lives and property (Ding, 1992; Huang et al., 

2006). Interdecadal variability of EASM and the related 50 
hydroclimatic changes have been topics intensively discussed in 

China’s climate research community (Zhou et al., 2017). Since 

quality-controlled instrumental records started in the 1950s in China 

(Zhou et al., 2009), 

删除的内容: most studies only focused on the past 60 years when 55 
exploring the EASM-hydroclimate relationship. Nevertheless, Wang 

et al. (2000) developed a precipitation dataset which extended back to 

1880, enabling it possible to study the relationship between EASM 

and hydroclimate before the 20th century (Ding et al., 2008; Guo et 

al., 2004; Zhou et al., 2009). However, the reliable period of this 60 
dataset only began in the early-stage of 20th century (Zhou et al., 

2009). Therefore, to study the long-term relationship between EASM 

and hydroclimate, reconstructions using climate proxies such as tree 

rings, ice cores, or historical documents are needed (Ding et al., 

2013).65 

删除的内容: Therefore, our aims in the present study are determined 
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the impacts of EASM on hydroclimate variability vary spatially (Guo 

et al., 2004; Zhou et al., 2009). In the core monsoon region of China, 

a predominant feature of EASM is the Mei-yu rainfall, which has a 
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EASM variability (Wang et al., 2008). Therefore, hydroclimate 

reconstructions within the representative region of EASM are 

necessary. Numerous studies have indicated that tree-ring width 120 
mainly reflects temperature signals in the humid and semi-humid 

EASM core region (Cai and Liu, 2016; Duan et al., 2012; Shi et al., 

2017; Shi et al., 2010; Zheng et al., 2012), and suggested the use of 

tree-ring stable isotopes to capture hydroclimate signals (Cai et al., 

2018; Liu et al., 2017a; Xu et al., 2016; Xu et al., 2018). However, 125 
robust hydroclimate signals can also be extracted from tree-ring 
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several recent studies. Furthermore, studies indicate that using tree-
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stronger hydroclimate signals than using total tree-ring width (TRW) 

(Chen et al., 2012; Zhao et al., 2017a; Zhao et al., 2017b). These ...
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2. Materials and Methods 

2.1. Study sites 

Dated tree-ring samples of P. tabulaeformis used in this study were provided by Shi et al. (2012). They were collected from 

two sampling sites in Mount Funiu in 2006 and 2008 separately: BYS (33.63° N, 111.85° E) and LCM (33.68° N, 112.05° E) 

(Fig. 1). The sampling sites were located on mountain tops, where soils are thin and well-drained. The elevations of BYS and 5 

LCM range from 1200–1300 m above sea level (asl), and 1340–1400 m asl, respectively. The regional annual mean temperature 

and annual total precipitation are 14.1 °C and 822 mm, respectively. The majority part of the annual total precipitation drops 

during the warm season (Fig. 2). More detailed information of the study sites can be found in Shi et al. (2012). 

2.2 Tree-ring data 

The selected P. tabulaeformis is a widely distributed conifer species in North China with the extension from 31° 00′ N to 43° 10 

33′ N, and 103° 20′ E to 124° 45′ E (Xu et al., 1981). Liang et al. (2009) studied the cambial dynamics of P. tabulaeformis in 

its northern distribution limit (43° 14' N, 116° 24' E, 1363 m a.s.l.), and found that the cell division in the cambial zone started 

within the third week of May and did not complete aroud mid-Septermber. Zeng et al. (2018) found that the cambial cells of 

mature P. tabulaeformis in Northwest China (37° 02′ N, 104° 28′ E, 2456 m a.s.l.) started in late spring and ceased in late July 

to early August. Considering that our sampling sites are located at lower latitudes, the cambial activites of P. tabulaeformis in 15 

our study may start earlier and ends later than those found in above studies according to the temperature-controlled phenology 

theory (Chen and Xu, 2012). 

P. tabulaeformis generally exhibits an abrupt transition from light-colored earlywood to dark-colored latewood (Liang and 

Eckstein, 2006; Fig. S1), and the transition can occur in mid-July in Beijing (39.9° N, 116.3° E) (Zhang et al., 1982). Due to 

this wood anatomical characteristic, the earlywood and latewood segments of annual growth rings can be discriminated 20 

visually by the sudden change in cell size, lumen size, and color (Stahle et al., 2009). However, gradual transitions also occur 

in a few samples, making the earlywood-latewood boundary difficult to discern. Therefore, only samples with distinct 

earlywood and latewood segments were used for subsequent measurements (Knapp et al., 2016). In total, 20 cores from 11 

trees and 42 cores from 22 trees were selected from BYS and LCM, respectively. EWW and LWW were then measured using 

a LINTAB5 system at a resolution of 0.001 mm, and TRW was obtained by adding EWW and LWW together. 25 

2.3 Development of tree-ring width chronologies 

Non-climatic growth trends need to be fitted and removed from each “raw” (untreated) EWW, LWW and TRW series, which 

is known as detrending (Cook et al., 1990). In order to check the effects of detrending methods on the preservation of climatic 

signals, three detrending methods were selected for comparison. They were negative exponential function together with linear 

regression with negative (or zero) slope (NELR), cubic smoothed splines with a 50 % frequency cutoff of 67 % of the series 30 

length (SP67), and age-dependent splines with an initial stiffness of 50 years (SPA50). NELR is a deterministic method based 
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on the assumption that tree radial growth declines monotonically (Cook et al., 1990). SP67 has a good ability in fitting the 

potential low-and middle-frequency perturbations contained in ring-width series (Cook et al., 1990). It allows no more than 

half of the amplitude of variations with wavelength of two-thirds of the length of series being preserved in resulting indices 

(Melvin et al., 2007). SPA50 specifies annually varying 50 % frequency cutoff parameter for each year by adding the initial 

stiffness with ring age. In comparison with SP67, it makes the resulting spline become more flexible in the early years and 5 

progressively stiffer in later years (Melvin et al., 2007). All raw ring-width series were divided by the estimated growth trends, 

and the resulting detrended ring-width series were averaged to generate the standard (STD) chronologies using the bi-weight 

robust mean method (Fig. S2). Since the traditional fitted curves may contain the climatic signals, which is termed as “trend 

distortion” problem (Melvin and Briffa, 2008), the signal-free (SSF) method is introduced to create the fitted growth curve 

free of climatic signals by dividing the raw ring-width series by the STD chronology via iterations (Melvin and Briffa, 2008). 10 

Therefore, the SSF chronologies were also developed for analysis (Fig. S3). The variance of each chronology was stabilized 

to minimize the effects of sampling depth according to the methods described in Osborn (1997). The temporal extension for 

all width chronologies in BYS and LCM are 1841–2005 and 1850–2005, respectively. EPS (expressed population signal) and 

Rbar calculated over 51-year windows were used to evaluate the quality of the width chronologies (Cook et al., 1999; Wigley 

et al., 1984). Rbar represents the mean of all correlations for ring-width series between each pair of cores. EPS is a function of 15 

Rbar and sample size, and is used to estimate how well the sample chronology represents the theoretical chronology. The 

reliable period for each chronology is determined based on the generally accepted EPS threshold value of 0.85 (Wigley et al., 

1984). All above processes were performed with the program RCSsigFree Version 45_v2b 

(http://www.ldeo.columbia.edu/tree-ring-laboratory/resources/software). 

The with chronologies from the two sampling sites show high degree of coherence as evidenced by their significant positive 20 

correlations (p < 0.001) during their common period when EPS larger than 0.85 (Table S1). Moreover, the positive correlations 

remain significant (p < 0.001) after removing the influence of autocorrelations and linear trends (Table S1). This indicates that 

the two sites share common climatic signals. Therefore, we pooled all raw ring-width series from the two sites, and developed 

composite STD and SSF chronologies for EWW, LWW and TRW using the three detrending methods as described above (Fig. 

S4). Statistics for each chronology including the starting year when EPS larger than 0.85, standard deviation, mean sensitivity 25 

and first-order correlation coefficient (AR1) are shown in Table S3. In addition, several statistics were calculated to assess the 

degree of similarity among detrended ring-width series over the common period 1915–2005 (Table S4). These statistics are 

first principial componet (PC1), Rbar, siganl-to-noise ratio (SNR), and EPS (Cook et al., 1990). 

2.4. Climate data 

Monthly mean maximum (Tmax), minimum (Tmin) and mean temperature (Tmean), and monthly total precipitation (Pre) 30 

were selected from four nearby meteorological stations (Table 1; Fig. 1b). These climate data were obtained from the China 

Meteorological Administration. Regional temperature values were calculated by directly averaging the temperature time series 

from the four statioins over their common period 1957–2005. Regional precipitation were produced by firstly deriving the 
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regional averages in terms of percentages, then multiplying the regional mean to transform the resulting series back to 

millimetre units (Jones and Hulme, 1996). The self-calibrated PDSI (scPDSI) and SPEI were also chosen as the hydroclimatic 

factors. The PDSI monitors the cumulative departure in surface water balance in terms of moisture supply (precipitation) and 

demand (potential evapotranspiration) (Palmer, 1965). Here we used the scPDSI instead of PDSI because it has solved the 

PDSI problems in spatial comparisons by automatically adjusting the climatic characteristic and calculating the duration factors 5 

based on the characteristics of the climate at a given location (Wells et al., 2004). The regional scPDSI were calculated by 

averaging the CRU (Climate Research Unit) scPDSI grids (van der Schrier et al., 2013) over the area between 32° N to 34.5° 

N and 111° E to 112° E (Fig. 1) where the meteorological stations utilized by CRU dataset were concentrated (Fig. S5; Table 

S6). The SPEI represents a simple climatic water balance as the form of difference between precipitation and potential 

evapotranspiration, and can be calculated on different timescales (Vicente-Serrano et al., 2010). We calculated the regional 10 

SPEI at three timescales (1-month, 3-month and 12-month) in program R using the “SPEI” package with the climatic factors 

including regional Tmax, Tmin and Pre (Beguería and Vicente-Serrano, 2012). 

In order to validate the reconstruction, we compared the reconstruction with several hydroclimate reconstructions and historical 

document records (Table 2), including (1) the June–August PDSI from the No. 370 grid point of the Monsoon Asia Drought 

Atlas (MADA) at 33.75° N, 111.25° E over the period 1864–2005 (PDSICook; Cook et al., 2010), (2) the dryness/wetness index 15 

(DWI) from the grid point at 33.75° N, 111.25° E over the period 1864–2000 (DWIYang; Yang et al., 2013b), (3) reconstructed 

April–June precipitation based on TRW in Mount Hua over the period 1864–2005 (PreChen; Chen et al., 2016b), and (4) 

drought/wet events recorded in historical documents over the period 1864–2005 (Wen, 2006; He, 1980). The DWI dataset 

were reconstructed from the historical documents and modern instrumental May–September precipitation in 120 sites over 

China (Chinese Academy of Meteorological Sciences, 1981). The dataset classified the degree of dryness and wetness into 20 

five grades: very wet (grade 1), wet (grade 2), normal (grade 3), dry (grade 4), and very dry (grade 5). Yang et al. (2013b) has 

interpolated the DWI dataset into 2.5° latitude/longitude grid cells. 

The EASM circulation was represented by a newly defined East Asian Summer Monsoon index (EASMI) which was 

developed by Zhao et al. (2015) based on the 200 hPa zonal wind anomalies. It was computed as:  

EASMI = Nor [u(2.5°– 10° N, 105°– 140° E) − u(17.5°– 22.5° N, 105°– 140° E) + u(30°– 37.5° N, 105°– 140° E)]  (2) 25 

where Nor and u represent standardization and mean 200 hPa zonal wind, respectively. We selected this EASMI is because: 

(1) it can capture the leading mode of EASM precipitation, whose center is located at the mei-yu–changma–baiu rainband 

(27.5°–32.5° N, 105°–120° E and 30°–37.5° N, 127.5°–150° E) and the tropical Philippine Sea rainband (10°–20° N, 115°–

150° E); (2) it uses the 200 hPa wind filed which was less affected by complex weather processes near the surface; and (3) it 

can better capture the summer precipitation and temperature characteristics over East Asia compared with previous EASM 30 

indices (Zhao et al., 2015). To understand the connections of local precipitation (32°–34.5° N and 111°– 112° E) with scPDSI 

and EASMI, the precipitation data were extracted from the gridded precipitation dataset Global Precipitation Climatology 

Centre Version 7 (GPCC v7; Schneider et al., 2015). The gridded dataset can represent the variations of precipitation over East 

China during the 20th century (Wang and Wang, 2017). 
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2.5 Statistical methods 

To investigate the climate response of different tree-ring parameters (EWW, LWW, and TRW), we firstly calculated the 

Pearson correlation coefficients of the STD and SSF tree-ring width chronologies with monthly climate time series. The time 

window for the correlation analysis spanned from January of two years earlier to October of the current year. Secondly, 

correlations were calculated between the prewhitened and linearly detrended chronologies and climate time series to evaluate 5 

the possible effects of autocorrelations and secular trends. The prewhitening procedure was run with the “ar” funtion in R 

package “stats”. The appropriate autoregressive order was automatically determined by the Akaike Information Criterion 

(Akaike, 1974). The linear detrending procedure was performed in Matlab with the “detrend” function. Then, we analyzed the 

response of different tree-ring parameters to multi-month averaged scPDSI (which had the stronger impacts on tree-growth 

than other climatic factors; see the results for detail) to find the strongest climate-growth relationship. Finally, we used the 10 

wavelet coherence method (Grinsted et al., 2004) to test the temporal stability and possible lags of the climate-growth 

relationship on different frequency domain. 

A simple linear regression model was applied to establish the transfer function using May–July (MJJ) scPDSI as the predictant, 

and the NELR based EWW STD chronology as the predictor (which had the strongest relationship; see the results for detail) 

over the period 1953–2005. Temporal stability of the model was tested by splitting the MJJ scPDSI into two sub-periods 15 

(1953–1979 and 1979–2005) for calibration and verification using the following statistics: correlation coefficient (r), explained 

variance (R2), reduction of error (RE), coefficient of efficiency (CE), and the sign-test (Meko and Graybill, 1995). Meanwhile, 

the possible autocorrelation and trend contained in the regression residuals were evaluated using the Durbin-Watson test (DW; 

Durbin and Watson, 1950) with the R package “Lmtest”, and the two-sided Cox and Stuart trend test (CS; Cox and Stuart, 

1955) with the R package “snpar”, respectively. A DW value of 2 means no first order autocorrelation in the residuals, whereas 20 

values larger (less) than 2 are indicative for negative (positive) autocorrelation. The DW test has the null hypothesis that the 

autocorrelation of the residuals is 0. The two-sided CS trend test has the null hypothesis that there is no monotonic trend in the 

residuals. The variance of the MJJ scPDSI reconstruction were restored to match the variance of instrumental MJJ scPDSI 

during the calibration period using Eq. (1),  

Adj_Reci =
(Reci−Reccal)

σ(Reccal)
× σ(Inscal) + Inscal

̅̅ ̅̅ ̅̅ ̅           (1) 25 

where, the Reci and Adj_Reci indicate the reconstructed value and variance adjusted value for a specific year 𝑖. The Reccal and 

Inscal
̅̅ ̅̅ ̅̅ ̅ indicate the arithmetic mean of the reconstructed and instrumental values during the calibration period (it is 1953–2005 

in this study). The σ(Reccal) and σ(Inscal) are the corresponding standard deviations. 

Spatial correlations were calculated between the reconstructed MJJ scPDSI and CRU scPDSI 3.25 dataset (van der Schrier et 

al., 2013) using the KNMI Climate Explorer (http://climexp.knmi.nl/start.cgi) to investigate the spatial representativeness of 30 

our reconstruction. All the hydroclimatic reconstructions were divided into interannual (< 10 years), and decadal and longer-

term components (> 10 years) for comparison, respectively. The decadal and longer components were derived by lowpass 

filtering the original reconstructions using the the adaptive 10 point “Butterworth” low-pass filter at 0.1 cut-off frequency 
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(Mann, 2008). Then, the interannual components were obtained by subtracting the decadal and longer-term components from 

the original reconstructions. The low-pass filtering technique has a good ability in preserving trends near time series boundaries 

(Mann, 2008). 

We calculated the MJJ EASMI according to the definition of Zhao et al. (2015) using the 200 hPa zonal wind dataset which 

were obtained from the National Oceanic and Atmospheric Administration-Cooperative Institute for Research in 5 

Environmental Sciences (NOAA/CIRES) Twentieth Century Reanalysis V2c (NOAA-20C; Compo et al., 2011) over the 

period 1864–2005. The relationship between EASMI and our reconstruction was firstly evaluated using the wavelet coherence 

method (Grinsted et al., 2004). In addition, 21-year moving window correlation analyses were calculated between the decadal-

filtered MJJ EASMI, reconstructed scPDSI, and local precipitation to explore the connections of precipitation with scPDSI 

and EASMI. Moreover, empirical orthogonal function (EOF) analysis and spatial correlation analysis were performed to 10 

manifest the impacts of the changed leading EASM mode on the relationship between decadal-filtered EASMI and local 

precipitation. The filtering procedure was conducted using the “Butterworth” low-pass filter (Mann, 2008) as mentioned above. 

The filtering, EOF and correlation analyses were performed in Matlab and the plots were drawn with Surfer 10. 

The significance tests for all observed correlation coefficients were conducted using Monte Carlo method (Efron and Tibshirani, 

1986). In detail, modelled time series with the same structure as the original series were produced according to the frequency 15 

domain method of Ebisuzaki (1997). Then, correlation coefficients were computed between the modelled time series. The 

above processes were repeated 1000 times to obtain 1000 modelled correlation coefficients. The significance threshold was 

estimated based on the probability distribution of the modelled 1000 correlation coefficients. The procedure was performed 

using the algorithms of Macias-Fauria et al. (2012). 

3. Results and Discussion 20 

3.1. Stronger hydroclimatic signals derived from EWW 

As shown in Fig. 3, the EWW chronologies generated using different detrending and standardization methods were 

significantly negatively correlated with Tmax, Tmean during May–June, and significantly positively correlated with Pre in 

May. In terms of the drought indices, all EWW chronologies were significantly positively correlated with the 1-month SPEI 

in May, 3-month SPEI during May–June, 12-month SPEI during May–October, and scPDSI during April–October. It can be 25 

found that EWW showed a much longer-term response to the multi-month SPEI and scPDSI than to precipitation after May. 

This may be because the summer temperatures still affected the soil water status as reflected by their negative correlations 

with EWW. Besides, soil has a memory effect on previous drought conditions, and this effect was considered by the multi-

month SPEI and scPDSI (Vicente‐Serrano et al., 2010a; Dai, 2011). The scPDSI had higher correlations with tree-ring width 

than the SPEI. This indicates that the scPDSI has a better ability than the SPEI in monitoring the influence of soil moisture 30 

status on tree growth in our sampling sites, and the reasons remain unknown. However, the significant correlations found 

between EWW and drought indices during autumn should not be regarded as a real drought impact, as the earlywood growth 
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would terminate in the mid- and late-growing season (Larson, 1969). For LWW, during the current growing season, the highest 

correlation was found between the NELR based LWW STD and July scPDSI (r = 0.37, p < 0.01), which was much lower than 

that found between the NELR based EWW STD and the July scPDSI (r = 0.62, p < 0.01), indicating that LWW had less 

sensitivity to the scPDSI. TRW generally exhibited the similar climate response as EWW but with relatively lower correlations. 

Taking the NELR based STD chronologies as an example, the correlation coefficients between TRW and the monthly scPDSI 5 

from May to July were 0.59 (p < 0.01), 0.58 (p < 0.01), 0.58 (p < 0.01), respectively. However, for EWW, the correlation 

coefficients were 0.66 (p < 0.01), 0.66 (p < 0.01) and 0.62 (p < 0.01). The above response patterns were also revealed by the 

correlation coefficients between the prewhitened and linearly detrended series (Fig. 4), indicating that autocorrelations and 

secular trends in the tree-ring width chronologies and climate time series have limited effects on the relationships. 

Significant climate-growth relationships were also observed prior to the current growing season. For example, most of EWW 10 

and LWW chronologies exhibited negative response to Tmax and Tmean during the late summer and early autumn of last year 

(Figs. 3–4). This may be ascribed that high temperatures in the late growing season of last year could enhance soil water 

evaporation, thus inducing moisture stress and limiting the accumulation of photosynthetic products for the next year tree-

growth (Peng et al., 2014). The influence of moisture status prior to the current growing season can also be reflected by the 

significant positive correlations between LWW and drought indices from September of two years earlier to May of last May. 15 

However, EWW had lower correlations with these monthly drought indices. A possible explanation may be that the interannual 

variations of EWW were mainly contributed by the moisture status of the growth year. 

Since the impacts of scPDSI on tree-growth can last for several months, we analysed the responses of various tree-ring width 

parameters to the multi-month averaged scPDSI. The strongest climate-growth relationship was found between the NELR 

based EWW STD chronology and the MJJ scPDSI (r = 0.707; p < 0.01; Fig. S6). Meanwhile, correlation coefficients derived 20 

from the methods SP67 and SPA50 were 0.67 (p < 0.01) and 0.68 (p < 0.01), respectively, which were lower than that based 

on NELR method (Fig. S6). This may be because the downward trend in MJJ scPDSI were better preserved using the NELR 

detrending method (Fig. S7). In addition, correlation coefficient between the NELR based EWW SSF chronology and the MJJ 

scPDSI was 0.705 (p < 0.01), which was quite close to that using the traditional STD method, indicating that the effects of so-

called “trend distortion” in our tree-ring series were limited. 25 

We further tested the temporal stability and possible lags (leads) in the relationships between NELR based STD chronologies 

and the MJJ scPDSI on different frequency domain (Fig. 5). It can be found that EWW generally showed high degree of 

coherence with the MJJ scPDSI on all timescales (2- to 18-year) except the periodicities between 3.5- and 6.5-year. Different 

from EWW, LWW only varied in-phase with the MJJ scPDSI but with some lags during the period from 1970s to 1990s on 

the timescales lower than 12-year. Moreover, LWW was inversely correlated with the MJJ scPDSI during the 1960s on the 30 

periodicities of 4- to 6-year. TRW showed an unstable relationship and certain lags to the MJJ scPDSI on the periodicities of 

6- to 11-year. Therefore, it can be concluded that EWW has the most stable relationships with the MJJ scPDSI than LWW and 

TRW. 
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Previous studies based on TRW has evidenced that moisture status of the current growing season could strongly affect the 

radial growth of P. tabulaeformis (e.g. Cai and Liu, 2012; Cai et al., 2014; Cai et al., 2015; Chen et al., 2014; Fang et al., 2009; 

Fang et al., 2012b; Li et al., 2007; Liang et al., 2007; Liu et al., 2017; Song and Liu, 2011; Sun et al., 2012). Fast radial growth 

of P. tabulaeformis usually happens in the early growing season (Liang et al., 2009; Shi et al., 2008; Zeng et al., 2018). 

Increased water deficiency due to the rising temperature and inadequate rainfall in the early growing season could induce soil 5 

water deficiency thus suppressing cell expansion and cell growth in the cambium (Fritts, 1976), and resulting in the formation 

of narrow earlywood bands. The less sensitivity of LWW to moisture status of the current growing season may be ascribed to 

that the moisture restrictions on tree growth was alleviated in the rainy season (July–August; Fig. 2). Meanwhile, the response 

sensitivity of TRW to moisture status of the current growing season was not as strong as EWW, although they shared a similar 

climatic response pattern because EWW represents the majority of TRW (on average, the portion of EWW of TRW accounts 10 

for 65.8%). 

3.2. MJJ scPDSI reconstruction using NELR based EWW STD chronology 

Based on the above analyses, we selected the MJJ scPDSI as the target for hydroclimate reconstruction, and the NELR based 

EWW STD chronology as the predictor (Fig. 6a). The transfer function was estimated using a simple linear regression model 

as expressed in Eq. (2): 15 

MJJ scPDSI = 4.74EWW − 4.32; (𝑅2 = 0.5, 𝑛 = 53, 𝑝 < 0.001) ,                                        (2) 

The model explains 50 % of the actual MJJ scPDSI variance over the period of 1953–2005. The calibration-verification tests 

show that r, R2 and the sign-test are significant at the 0.01 level, and that RE and CE values are positive (Table 3). In addition, 

the p-value generated from DW and CS tests are larger than 0.05, indicating that there are no autocorrelations and long-term 

trends in the regression residuals (Table 3; Fig. 6). All test results confirm that the model is valid (Cook et al., 1999; Fritts, 20 

1976). 

Based on the above model, the MJJ scPDSI of the study region was reconstructed back to 1864 (Fig. 6c). We restored the 

variance of reconstruction to match the variance of instrumental MJJ scPDSI during the calibration period (1953–2005). Spatial 

correlation analysis indicates that the reconstruction most strongly represents Central China, including the western part of 

Henan, the northern part of Hubei, and the southern part of Shaanxi provinces (Fig. 1a). 25 

3.3. Comparing the reconstructed MJJ scPDSI with other reconstructions and historical documents 

On the interannual timescale (Figs. 7a–c), our reconstruction is significantly correlated with the PDSICook (r = 0.36; p < 0.01; 

1864–2005), and PreChen (r = 0.45; p < 0.01; 1864–2005). On the decadal and longer timescales, our reconstruction is 

significantly correlated with all other reconstructions (Figs. 7e–f). The common drought periods occurring in the 1870s and 

the 1920s were reflected in our reconstruction. These two drought periods were frequently observed in North and West China 30 

(Cai et al., 2014; Chen et al., 2014; Fang et al., 2012a; Kang et al., 2013; Liang et al., 2006; Liu et al., 2017; Zhang et al., 

2017).  
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However, it should be noted that our reconstruction has some mismatches with others. On the interannual timescale, our 

reconstruction is not significantly correlated with the DWIYang over the whole period 1864–2000 (r = –0.07; p = 0.5; Fig. 7b). 

This probably due to the historical documents have limited ability in capturing the high frequency climatic variations (Zheng 

et al., 2014). On the decadal and longer timescales, our reconstruction varied out-of-phase with PDSICook during the period 

from the late 1940s to the early 1960s (Fig. 7d), weakly correlated with DWIYang after the 1940s (Fig. 7e), and leads PreChen 5 

during the period of 1900s–1930s (Fig. 7f). The possible reasons might be that (1) the seasons that the three reconstructions 

aimed at are different from ours (June–August for PDSICook, May–September for DWIYang, and April–June for PreChen which 

is before the rainy season); (2) the DWIYang after the 1940s was calculated using instrumental May–September precipitation 

and the chronology of Chen et al. (2016b) also reflects precipitation, while the scPDSI is influenced not only by precipitation 

but also temperature and previous drought conditions; and (3) in the MADA network, there are still limited tree-ring sites 10 

around our sampling sites, which may cause some difference on local scale. 

We also compared the dry and wet events derived from our reconstruction with those recorded in historical document records. 

The moderately to severely dry (wet) events are defined based on the scPDSI values less than –2 (larger than 2) according to 

Palmer (1965). It can be found that all the dry events and 70 % of the wet events can be verified by corresponding descriptions 

in historical documents (Table 4). While, there are still some mismatches between our reconstruction and the historical records. 15 

For example, no relevant document record is found for the year 1983 when an extreme wet event is shown in our reconstruction. 

In addition, some historical events are not reflected in our reconstruction, such as the wet event in 1963 and the dry event in 

1942 (Wen, 2006). These mismatches may reflect the uncertainties of historical documents records and tree-ring. 

3.4. Connections with EASMI 

The reconstructed MJJ scPDSI and EASMI in general exhibit an in-phase relationship before the 1940s on the decadal and 20 

longer timescales (Fig. 8). This in-phase relationship was further verified found after conducting an 21-year moving window 

correlation analysis on the decadal-filtered scPDSI and EASMI (Fig. 9). As EASM direclty drives precipitation rather than the 

scPDSI, we compared the EASMI with the local precipitation (32°–34.5° N and 111°–112° E). It was found that the local 

precipitation also exhibit the similar variation as the scPDSI and EASMI before the 1940s (Fig. 9d). Therefore, the in-phase 

relationship between the decadal-filtered EASMI and scPDSI before the 1940s may be ascribed to the fact that a stronger 25 

EASM could induce enhanced local precipitation, thus increasing the soil moisture content. 

Correlations between the decadal-filtered MJJ scPDSI and EASMI have decreased since the 1940s, and even became negative 

since the 1970s (Fig. 8; Fig. 9d). The direct cause might be that the in-phase relationship between the local precipitation and 

EASMI has been weaked since the 1950s, and even changed into anti-phase around the 1970s (Fig. 9d). The EASMI was 

designed to capture the leading mode of EASM precipitation variability, whose largest loading is in general located at the mei-30 

yu/changma/baiu rainband (27.5°–32.5° N, 105°–120° E and 30°–37.5° N, 127.5°–150° E) (Zhao et al., 2015). The 

precipitation outside of this rainband could be in-phase, out-of-phase and uncorrelated with the mei-yu/changma/baiu rainfall 

due to the change of the leading mode of EASM precipitation (Wang et al., 2008), so its relationship with EASMI is unstable. 

删除的内容: . However, the unprecedented drying trend that began 

in the early 1990s in MADA was not found both in our reconstruction 35 
and the instrumental scPDSI series, implying that MADA may have 

overestimated drought severity over the past two decades in the study 

area. This overestimation was also found in the Guancen Mountains, 

North China (38.83° N, 112.08° E). We assume that this discrepancy 

was probably due to the insufficient spatiotemporal distribution of the 40 
tree-ring network used in MADA, and many of the tree-ring data 

used ended in the 1990s (Li et al., 2015). Our reconstruction is also 

significantly correlated with the nearby DWI (r = –0.22; p < 0.05; 

1866–2000) (Fig. 9c), and a tree-ring based precipitation 

reconstruction for southeast China (r = 0.49; p < 0.01; 1866–2005) 45 
(Fig. 9d). Moderately to severely dry (wet) events are normally 

defined by scPDSI values less than –2 (larger than 2), if the scPDSI 

time series has a mean of zero (Palmer, 1965). Since the 

reconstructed MJJ scPDSI fluctuates around the mean of 0.29, we 

define moderately to severely dry (wet) events as MJJ scPDSI values 50 
below -1.71 (above 2.29). Based on these criteria, 10 anomalously 

dry years and 11 anomalously wet years were identified during the 

period 1866–1950. Most of the anomalously dry (wet) years could be 

verified by corresponding descriptions in historical documents (Fig. 

9e; Table 2). The low-frequency variation shows that common 55 
drought periods occurred in the 1870s and 1920s. These drought 

periods were also observed in North and West China (Cai et al., 

2014; Chen et al., 2014; Fang et al., 2012a; Kang et al., 2013; Liang 

et al., 2006; Liu et al., 2017b; Zhang et al., 2017), indicating that 

these droughts had widespread impacts. The above comparisons 60 
suggest that our reconstruction is able to capture the broad-scale 

warm-season hydroclimate variability in this region.

删除的内容: 4 
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The EASM experienced an abrupt shift in the late 1970s, which caused a change of the leading mode of EASM precipitation 

(Wang, 2001; Ding et al., 2008). We demonstrated how this mode change affects the relationship between EASMI and 

precipitation in the eastern Qinling Mountains. As shown in Fig. 10a, the anomalies of the decadal-filtered MJJ precipitation 

exhibited similar variations over the Yangtzer River basin and Yellow-Huaihe River basins during 1901–1978, but they were 

divided by the Yangtze River, showing a dipole pattern during 1979–2005 (Fig. 10b). The south of the Yangtze River basin 5 

(27°–30° N) were the loading centres during both periods, and the decadal-filtered MJJ precipitation over this area were well 

captured by the designed EASMI as manifested by their significant positive correlations (p < 0.1) (Figs. 10c–d). On the contrary, 

the decadal-filtered MJJ precipitation over the north of the Yangtze River, including our sampling sites, varied out-of-phase 

with those over the south of the Yangtze River basin after the late 1970s, thus being negatively correlated with EASMI. In 

addition, it should also be noted that the decadal-filterd scPDSI was uncorrelated with precipitation since the 1940s. This weak 10 

relationship is similar to that found between the decadal-filterd scPDSI and DWIYang (Fig. 9e), which may be ascribed to the 

combined influence of temperature and previous drought conditions. Therefore, the changing relationship between EASMI and 

local precipitation could not completely explain that between EASMI and scPDSI. These results suggest that we should take 

fully into account the complexity when evaluating the impact of EASM on the hydroclimatic conditions in the core region of 

EASM. 15 

4. Conclusions 

Besides TRW, climatic responses of EWW and LWW were also explored for the tree-ring samples of P. tabulaeformis in the 

eastern Qinling Mountains (Central China). Regardless of the detrending and standardisation methods used, the resulting EWW 

chronologies are more sensitive to early summer soil moisture conditions than LWW and TRW during the instrumental period 

1953–2005. The MJJ scPDSI (1864–2005) reconstructed from the NELR based EWW STD chronology captures the past early 20 

summer hydroclimatic fluctuations, further validated by other proxy-based reconstructions and historical document records in 

adjacent regions. Moreover, the reconstruction shows a stable relationship with the EASMI before the 1940s on the decadal 

and longer timescales. This indicates that EWW has great potentials to reconstruct early summer hydroclimatic conditions in 

this area. Our finding in this study is different from that found at a well-drained site in South China, where strongest moisture 

signals were contained in LWW with a different tree species (Zhao et al., 2017a, b). Therefore, more EWW and LWW related 25 

studies should be conducted in terms of tree species differences, different environmental condition, etc., in humid and semi-

humid regions of China, that provides a possibility to understand EASM variations at longer time periods beyond the 

meteorological records. 

删除的内容: A significant positive correlation  (r = 0.23, p < 0.01) 

exists between MJJ scPDSI and EASMI during the period 1866–30 
2005. The correlation coefficient becomes 0.43 (p < 0.05) after a 10-

year low-pass filter was applied for the two time series, suggesting 

that MJJ scPDSI and EASMI are generally in-phase on the decadal 

and longer timescales. However, a careful check revealed that the in-

phase relationship was unstable: the two series are in-phase (r = 0.62, 35 
p < 0.01) during 1866–1956, but out-of-phase (r = –0.29) during 

1957–2005 (Fig. 10). The relationship changed around the mid-

1950s.

Spatial correlation analyses showed positive correlations between 

the decadal filtered MJJ EASMI and scPDSI in the Yellow-40 
Huaihe River basins during 1901–1956, but negative correlations 

during 1957–2005 (Fig. 11a–b). In terms of precipitation, positive 

correlations are found over the Yangtze-Huaihe-Yellow River 

basins during 1901–1956 (Fig. 11c). From 1957 to 2005, positive 

correlations retreat southward to the Yangtze River basin and 45 
South China, with negative correlations emerging in the Yellow-

Huaihe River basins, manifesting a dipole pattern of EASM 

precipitation (Fig. 11d). Pei et al. (2015) also suggested that a 

dipole pattern had intensified since the 1950s, which might be 

associated with the forcings of the Atlantic Multi-decadal 50 
Oscillation (Si and Ding 2016). On the contrary, temperature has 

much weaker correlations with EASMI over the Yellow-Huaihe 

River basins, and there are no significant spatial pattern changes 

(Fig. 11e–f). Therefore, it is precipitation that plays a dominant 

role in altering the correlation pattern between MJJ scPDSI and 55 
EASMI on decadal and longer timescales.



12 

 

Data availability 

The tree-ring data used in this study are available on request (shijf@nju.edu.cn). DWI, precipitation reconstruction, and dry/wet 

events recorded in historical documents are available from corresponding authors or publications. MADA is available from 
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Table 1. Characteristics of climate data. 

  

Climate data Source Longitude 

(° E) 

Latitude 

 (° N) 

Elevation 

(m a.s.l.) 

Temporal cover 

Tmax, Tmean, 

Tmin, Pre 

Luanchuan (LC) meteorological station 111.6 33.8 751 1957–2005 

Xixia (XX) meteorological station 111.5 33.3 250 1957–2005 

Ruyang (RY) meteorological station 112.5 34.2 311 1957–2005 

Nanzhao (NZ) meteorogical station 112.6 33.6 198 1956–2005 

scPDSI CRU scPDSI 3.25 (van der Schrier et al., 

2013) 

111–112 32–34.5 — 1953–2005 

SPEI Calculated in R using the SPEI package with 

the Tmax, Tmin and Pre data (Beguería and 

Vicente-Serrano 2012) 

— — — 1957–2005 
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Table 2. Long-term hydroclimatic reconstructions and East Aisan Summer Monsoon index (EASMI) selected for comparion 

with the reconstructed MJJ scPDSI. 

 

  

Time series Source Longitude 

(° E) 

Latitude 

 (° N) 

Temporal cover 

June–August PDSI Monsoon Asia Drought Atlas 

(MADA, Cook et al., 2010) 

111.25 33.75 1864–2005 

April–June precipitation in 

Mount Huashan (HS) 

Chen et al., 2016 110.08  34.48 1864–2005 

Dryness/wetness index (DWI) Yang et al., 2013b 111.25 33.75 1864–2000 

EAMSI Calculated using the 200 hPa zonal 

wind anomalies (NOAA-20c; 

Compo et al., 2011) according to 

the definition of Zhao et al. (2015) 

— — 1864–2005 
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Table 3. Statistics for split calibration-verification of the regression model. 

Calibration 

period 

r R2 

DW value 

(p-value) 

CS p-value 

Verification 

period 

RE CE Sign-test 

Full period 

(1953–2005) 
0.71** 0.50** 2.03 (0.53) 0.85 — — — — 

Early half 

(1953–1979) 
0.68** 0.46** 2.02 (0.49) 1 

Late half 

(1979–2005) 
0.53 0.53 22+/5–** 

Late half 

(1979–2005) 
0.73** 0.54** 2.02 (0.50) 1 

Early half 

(1953–1979) 
0.46 0.45 21+/6–** 

** p < 0.01; r, Pearson correlation coefficient; R2, explained variance; DW, Durbin-Watson test; CS, Cox and Stuart trend test; 

RE, reduction of error; and CE, coefficient of efficiency.  
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Table 4. Moderately to severely dry (scPDSI ≤ –2) and wet (scPDSI ≥ 2) events derived from the MJJ scPDSI reconstruction 

and corresponding descriptions from historical documents. 

Event type Year scPDSI Description 

Dry 

1879 –3.61 A mega-drought occurred has caused a great famine over Henan, 

Shaanxi and other provinces in North China in the early Guangxu 

reign (1876‒1879)a 

1900 –2.24 Severe drought from spring to Autumn over Henan and Shaanxi 

1923 –2.28 Drought over Henan and Shaanxi 

1926 –2.33 No harvest at Ruyang (West Henan) due to severe drought 

1929 –2.53 Summer drought over Henan and Shaanxi 

1994 –2.12 Severe drought occurred in April, May and July over west Henan 

1995 –2.10 Intensified drought severity since April 22 over Henan 

2000 –2.94 The drought from Feburary to May is the worst one since 1950 over 

Henan 

 
1864 2.94 Not available 

 
1869 2.31 Flood in summer and autumn over Henan 

Wet 

1883 2.62 Persistent rainfall in summer at Shanxian and Mianchi (Northwest 

Henan) 

1885 3.07 Flood in summer at Lingbao and Shanxian (Northwest Henan) 

1894 3.06 Not available 

1895 2.11 Flood over the Qinhe River (Northwest Henan) in summer 

1898 3.77 Severe flood in summer at Lushi (Northwest Henan), Shangnan 

(Southeast Shaanxi) and Danjiang (Northwest Hubei) 
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1905 2.26 Persistent rainfall in spring and summer over Henan 

1906 3.65 Heavy rainfall in summer over Henan 

1910 2.05 Flood in summer and autumn over Henan 

1911 3.84 Heavy rainfall in summer over Henan 

1912 2.01 Heavy rainfall and flood in summer over Nanyang (Southwest Henan) 

1933 2.51 Heavy rainfall in summer over Henan and Shaanxi 

1934 3.11 Summer rainfall over Henan, South Shaanxi and Northwest Hubei 

1936 3.72 Not available 

1944 2.38 Flood over Henan; Rainstorm in Zhenan (Southeast Shannxi) on July 

8; The Tianhui Channel (Southeast Shaanxi) was destroyed by flood 

on May 13 

1948 2.81 Wheat loss caused by summer rainfall 

1949 2.95 Not available 

1973 2.97 Not available 

1980 2.07 Rainfall in June is higher than usual for most regions over Henan 

1983 4.15 Not available 

1984 2.33 From June to September, there are 5 large-scale rainstorms over 

Henan 

1990 2.32 Not available 

a Historical description of the 1879 drought event is cited from He (1980), and others from Wen (2006) 
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Figure 1. Map of the study region. (a) Location of the sampling site (tree symbol), and the spatial correlations between the 

May–July (MJJ) scPDSI reconstruction and the gridded scPDSI dataset (van der Schrier et al., 2013) during the period 1953–

2005. The color bar indicates the correlation coefficient. The blue dashed line indicates the Asian Summer Monsoon limit 
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(Yang et al., 2013a). (b) The circles indicate the locations of the four meteorological stations (LC: Luanchuan, XX: Xixia, RY: 

Ruyang, and NZ: Nanzhao). The triangle indicates the location of selected grid data from the datasets Monsoon Asia Drought 

Atlas (MADA; Cook et al., 2010) and Dryness/Wetness Index (DWI; Yang et al., 2013b). The pentagon indicates a tree-ring 

width based precipitation reconstruction in Huashan Mount (HS, Chen et al., 2016b). The dashed rectangle indicates the 

gridded scPDSI obtained from the gridded scPDSI dataset (van der Schrier et al., 2013).  5 
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Figure 2. Monthly maximum, mean, minimum temperature (Tmax, Tmean, Tmin), and total precipitation (Pre) averaged from 

the four selected meteorological stations (LC, XX, RY, NZ) during the period 1953–2005. Error bar denote ± one standard 

deviation. 
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Figure 3. Matrix plots for the correlation coefficients between tree-ring width chronologies and monthly climate time series 

from January of two years earlier to October of the current year. The climatic factors are monthly (a) maximum temperature 
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(Tmax), (b) mean temperature (Tmean), (c) minimum temperature (Tmin), (d) total precipitation (Pre), (e) SPEI of 1-month 

scale, (f) SPEI of 3-month scale, (g) SPEI of 12-month scale, and (h) scPDSI. EWW, LWW, and TRW indicate the earlywood 

width, latewood width, and total tree-ring width, respectively. NELR, SP67, and SPA50 indicate the three detrending methods: 

(1) negative exponential function together with linear regression with negative (or zero) slope (NELR), (2) cubic smoothed 

splines with a 50 % frequency cutoff of 67 % of the series length (SP67), and (3) age-dependent splines with an initial stiffness 5 

of 50 years (SPA50). STD and SSF indicate the two standardization methods “standard” and “signal-free”, respectively. The 

correlation coefficients are reflected by the colorful and different-size circles, which can be referred to the color bar as shown 

at the bottom of the figure. The squares filled with light and dark gray color indicate that the correlation coefficients are 

statistically significant at the 0.05 and 0.01 level, which are tested using the Monte Carlo method (Efron and Tibshirani, 1986; 

Macias-Fauria et al., 2012). 10 
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Figure 4. Correlation coefficients between the prewhitened and linearly detrended tree-ring width chronologies and climate 

time series. The explanations and legends are the same as Figure 3. 
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Figure 5. Squared wavelet coherence and phase relationship between the NELR based tree ring-width STD chronologies and 

MJJ scPDSI. (a–c) represent the results for EWW, LWW, and TRW, respectively. The color bar indicates the squared wavelet 

coherence. The arrows indicate the phase relationship with in-phase (anti-phase) pointing right (left), and MJJ scPDSI leading 5 

(lagging) tree-ring width with 90° pointing straight up (down). The thick contour indicates the 5% significance level against 

red noise. The cone of influence (COI) where edge effects might distort the picture is shown as a lighter shade. 
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Figure 3.  Scanned photograph of a piece of P. tabulaeformis tree-

ring sample. The distinct earlywood (EW) and latewood (LW) 

segments can be identified by inspection under a microscope.
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Figure 4. Tree-ring standardized width chronologies and their 

corresponding statistics. (a) Width chronologies of earlywood 

(EWW, red), total tree-ring width (TRW, blue) and latewood width 45 ...

已下移 [3]: Figure 6. Correlation coefficients between tree-ring 

width chronologies and climatic factors for EWW (white), TRW 

(grey) and LWW (black) during their common period 1951–2005. 30 
The climatic factors are (a) monthly mean temperature, (b) monthly 

total precipitation, and (c) monthly scPDSI. Horizontal lines indicate 

the 0.05 significance level.
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Figure 6. MJJ scPDSI reconstruction using NELR based EWW STD chronology. (a) Scatter diagram during the period 1953–

2005, and (b) the resulting residuals. (c) MJJ scPDSI reconstruction (black line, after variance adjusted) and instrumental MJJ 

scPDSI (red line). Shade area denotes the uncertainties of reconstruction in the form of ± 1 root mean square error. 

删除的内容: 5 

删除的内容: 8

删除的内容: of EWW chronology versus MJJ scPDSI

删除的内容:  for their (a) raw time series

删除的内容: first-order difference

删除的内容:  during the period 1951–200510 



31 

 

 

Figure 7. Comparison of the reconstructed MJJ scPDSI (black line) with other hydroclimatic reconstructions in adjacent 

regions on the interannual (left panels), and decadal and longer timescales (right panels). The referenced reconstructions are 

(a, d) June–August PDSI of MADA NO. 370 point (Cook et al., 2010), (b, e) reversed DWI (Yang et al., 2013b), and (c, f) 

TRW based April–June precipitation (Pre) reconstruction (Chen et al., 2016b). The interannual and decadal and longer 5 

fluctuations were separated using the adaptive 10 point “Butterworth” low-pass filter with 0.1 cutoff frequency (Mann, 2008). 

r represents the Pearson correlation coefficient between the reconstructed MJJ scPDSI and other hydroclimatic reconstruction 

over their common period. The significance level for all correlation coefficients were tested using the Monte Carlo method 

(Efron and Tibshirani, 1986; Macias-Fauria et al., 2012). 
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Figure 8. Squared wavelet coherence and phase relationship between the reconstructed MJJ scPDSI and EASMI (Zhao et al., 

2015). The color bar indicates the squared wavelet coherence. The arrows indicate the phase relationship with in-phase (anti-

phase) pointing right (left), and EASM leading (lagging) scPDSI with 90° pointing straight up (down). The thick contour 5 

indicates the 5 % significance level against red noise. The cone of influence (COI) where edge effects might distort the picture 

is shown as a lighter shade. 
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Figure 9. Comparison between the decadal and longer fluctuations of May–July (a) EASMI (Zhao et al., 2017), (b) 

reconstructed scPDSI, and (c) precipitation (Pre) over the reconstructed area (GPCC v7; Schneider et al., 2015). (d) 21-year 

moving Pearson correlation coefficients between the decadal-filtered EASMI and scPDSI (black), and Pre (red). (e) 21-year 5 

moving Pearson correlations between the decadal filtered scPDSI and Pre (black). The decadal and longer fluctuations were 

derived using the adaptive 10 point “Butterworth” low-pass filter with 0.1 cutoff frequency (Mann, 2008). Statistically 

significant (p < 0.05) correlations are denoted as squares, which were tested using the the Monte Carlo method (Efron and 

Tibshirani, 1986; Macias-Fauria et al., 2012). 
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Figure 10. (a–b) The leading empirical orthogonal function (EOF) modes of decadal filtered May–July GPCC precipitation 

anomalies for the periods 1901–1978 (left panel) and 1979–2005 (right panel). The color bar indicates the EOF values. (c–d) 

Spatial correlations between the decadal filtered May–July EASMI defined by Zhao et al. (2015) and precipitation (Pre) for 

the periods 1901–1978 (left panel) and 1979–2005 (right panel). The color bar indicates the correlation coefficient. The dot 5 

indicates that the correlation is statistically significant (p < 0.1), which was tested using the Monte Carlo method (Efron and 

Tibshirani, 1986; Macias-Fauria et al., 2012). The decadal and longer fluctuations of precipitation were derived using the 

adaptive 10 point “Butterworth” low-pass filter with 0.1 cutoff frequency (Mann, 2008). The tree symbol denotes the study 

region. 
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Figure 11.  Spatial correlation patterns between the decadal filtered 

EASMI and (a–b) scPDSI, (c–d) precipitation, and (e–f) temperature 

in MJJ for the periods 1901-1956 (left panels) and 1957-2005 (right 35 
panels). The dot indicates that the correlation is statistically ...
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