Reviewer #1:

The relationship between socio-economic loss and drought intensity can be
nonstationary, i.e., temporally changing, considering that economic growth can
increase the exposure to droughts and that infrastructure developments can decrease
the vulnerability to droughts. This study focused on an important issue that the response
function of population to drought might be non-stationary. This work would provide
rich information as references in guiding climate change mitigation.

Thank you very much for the brief summary and the positive comments on the paper.
Given that the intensity loss function plays a critical part in drought impact assessment,
this paper presents an extension of the classic logistic function to account for temporal
changes of drought losses.

I have some minor suggestions for consideration.

Thank you very much for the constructive comments. Accordingly, we have conducted
a thorough revision of the whole paper.

Below please find the point-by-point responses.

The authors attempted to explore the relationship between drought-affected population
and drought intensity. I think it is better to say it is the population exposure, rather than
loss. For the definition of loss, the readers might think it is economic damages or death.

Thank you for the insightful comment. We have carefully considered the difference
between "exposure" and "loss." While "exposure" typically refers to potential risk, the
"drought-affected population" in our research is directly extracted from statistic data
provided by the Ministry of  Water Resources of  China
(http://www.mwr.gov.cn/sj/tjgb/zgshzhgb/). On its website, the data is noted to represent
real occurrences and more closely aligns with the concept of "loss".

“The drought loss data is sourced from the Ministry of Water Resources (MWR) of
China to test the stationary and nonstationary intensity loss functions. It is noted that
the MWR has since 2006 published by year “Bulletin of Flood and Drought Disaster in
China”. The name of the bulletin was changed to “China Flood and Drought Disaster
Prevention Bulletin” in 2019. By collating floods and droughts reported by provincial
governments and river basin commissions, the MWR has presented in the bulletin major
events of droughts and floods across the 31 provinces in mainland China. As to droughts
and floods in each province, the bulletin provides by year the quantitative socio-
economic losses, contingency plans and retrospective analysis of prevention and
control measures.


http://www.mwr.gov.cn/sj/tjgb/zgshzhgb/

The attention is paid to the drought-affected population, which represents the actual
number of individuals suffering from drought events as recorded in official reports. In
Figure 2 are the multi-annual mean drought-affected population, maximum annual
drought-affected population, mean annual precipitation and total population. From
Figures 2a and 2b, it can be observed that provinces in Southwest China, including
Yunnan, Guizhou and Sichuan Provinces, tend to have the largest population suffering
from drought. Particularly in 2010, 8.82 million people in Yunnan Province and 5.44
million people in Guizhou Province were struck by a record-breaking drought event
induced by the persistently positive Madden-Julian Oscillation (Lii et al., 2012). On the
other hand, it can be seen from Figures 2¢ and 2d that there is neither low precipitation
nor large population in Southwest China. In general, the large drought-affected
population in Yunnan and Sichuan Provinces is attributed to the Karst landscape, which
features small storage capacity, high infiltration rate and fast groundwater flow (Wan et
al., 2016).” (Page 8, Lines 165 to 179)

The current Introduction section provided a good summary of the socio-economic
impacts of droughts. However, the story about socioeconomic exposure and loss is not
clear. Most of previous studies focused on exposure only, very few studies quantified the
economic loss (e.g., hitps://doi.org/10.1073/pnas.1802129115).

Thank you for the constructive comment. The issue of socio-economic losses has been
illustrated in the Introduction and Methods.

“Socio-economic losses are an integral part of droughts in environment management
(AghaKouchak et al., 2021; Hoerling et al., 2014; Van Dijk et al., 2013). Although there
exist extensive studies on hydroclimatic processes associated with droughts (Entekhabi,
2023; Mishra and Singh, 2010; Wang et al., 2023b; Yang et al., 2024; Zhang et al.,
2021), far less attention is paid to socio-economic impacts of droughts (AghaKouchak
et al., 2021; Apurv and Cai, 2021; Su et al., 2018). One possible cause is the lack of
socio-economic data on droughts (Su et al., 2018; Yang et al., 2024). On the one hand,
in situ observations, satellite remote sensing and earth system models generate a vast
amount of hydroclimatic data (Hersbach et al., 2020; Pradhan et al., 2022; Zhang et al.,
2024, 2021; Zhao et al., 2024b). Plenty of spatial-temporal data facilitate drought
investigations at catchment, regional, continental and global scales and in pentad,
monthly, seasonal and annual time steps (Gao et al., 2024b; Ma et al., 2022; Wang et
al., 2023a). On the other hand, there are limited data on socio-economic losses due to
droughts (AghaKouchak et al., 2021). Usually, drought losses have to be collected from
statistical yearbooks issued by local and central governments and from survey reports
provided by international organizations and commercial services (Chen et al., 2015;
Hou et al., 2019).” (Page 3, Lines 57 to 68)

“There are socio-economic factors contributing to temporal changes, i.e.,
nonstationarity, of the intensity loss function (AghaKouchak et al., 2021; Chiang et al.,
2021; Long et al., 2020). Firstly, the exposure to drought can increase with time owing
to increases of population, accumulations of wealth and developments of infrastructure.
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Secondly, the vulnerability under a given level of drought intensity may decrease with
time considering engineering measures, such as constructions of water storage
reservoirs and inter-basin water diversion projects. Thirdly, the resilience to drought
can be improved by drought management measures such as sub-seasonal to seasonal
hydroclimatic forecasting and forecast-informed reservoir operation. In general, the
relationship between drought loss and intensity tends to evolve as time progresses due
to socio-economic developments and deployments of engineering and non-engineering
drought-coping strategies (Hou et al., 2019; Jonkman et al., 2008; Su et al., 2018).”
(Page 6, Lines 137 to 145)

In the Method section, the authors showed many drought indices, such as SPEI, PDSI.
But the authors only used the SPI. I would recommend only showing the drought indices
in Introduction. Moreover, many recent studies have employed the TWS-DSI in

exploring the drought events. For example, the following references show some
applications of TWS-DSI. https://doi.org/10.1007/s11430-021-9927-x

Thank you for the constructive suggestion. We have performed additional experiments
on SPEI and scPDSI:

“This paper has furthermore designed experiments to investigate the robustness of the
nonstationary logistic functions using the drought indices SPEI and scPDSI
(AghaKouchak et al., 2021; Apurv and Cai, 2021; Zhao et al., 2024b). The additional
results are presented in the supplementary material. Specifically, as for SPEI, the
correlation is presented in Figure S1 and the plots for Yunnan and Guangdong Provinces
in Figures S2 to S7; as for scPDSI, the correlation is presented in Figure S8 and the
plots for Yunnan and Guangdong Provinces in Figures S9 to S14. Overall, the results
under SPEI and scPDSI conform to these under SPI. While the nonstationary plays an
important part in the relationship between drought-affected population and drought
conditions, it is highlighted that the nonstationary logistic functions are effective in
characterising the dependency of drought-affected population on drought conditions
and time. In the meantime, it is pointed out that different drought indices are of varying
efficiency in characterizing the drought conditions. For example, the lower R? in Figure
6 is largely due to the correspondence of maximum drought-affected population with
average precipitation in the year 2010; the R? evidently increases from 0.22 under SPI
(Figure 6) to 0.42 under SPEI (Figure S2), and furthermore to 0.58 under scPDSI
(Figure S9). This result highlight that drought conditions depend on precipitation and
also on other hydroclimatic variables like evapotranspiration, recharge and runoff
(Wells et al., 2004; Yin et al., 2022b).” (Pages 24 to 25, Lines 365 to 377)

In the Abstract and Results, the authors provide significant correlation of population
and time/other factors. [ would recommend providing the p-value to test its significance
level.

Thank you for your suggestion. The p-value has been added to the bar plots:
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“The Pearson’s correlation coefficient between drought-affected population and time
as well as SPI are illustrated by bar plots in Figure 3. There are in total 31 provincial
administrative regions in mainland China. Beijing, Tianjin, Shanghai and Xizang are
not considered since they are free from drought-affected population in most years. This
outcome is mainly due to ample water availability and water supply facilities (Long et
al., 2020; Sun et al., 2021). For the other 27 provincial administrative regions, it can be
observed from Figure 3a that the correlation coefficient between drought-affected
population and time is mostly significantly negative. Meanwhile, it is slightly positive
in Guangdong and Fujian Provinces although not significant. The implication is that the
drought-affected population mostly exhibits a decreasing trend as time progresses and
sometimes shows an increasing trend. From Figure 3b, it is seen that the correlation
coefficient between drought-affected population and SPI is in general significantly
negative. This result suggests that drought-affected population tends to decrease as the
amount of precipitation increases. Overall, the correlation coefficients in Figure 3 point
out that it is reasonable to use both time and SPI as explanatory variables of drought-
affected population.” (Page 11, Lines 217 to 227)

(a) Correlation between drought—affected population and time

0.4 -
0.2
0.0 +====-
[ =
S I
© —0.2 | II ] I II I
g
G
O —0.4 4
—0.6 ok kK
o okk
—0.8 -
(b) Correlation between drought-affected population and SPI
0.4 A
0.2
_ 00fmmmn- -- - - I B
9 1 v L
T —0.2 A
[
8 -0.4-
ok Bk T T
_ i dk ok +k *k
0.6 - sokok
—0.8
2L 2L 2L PR3P 2552535255823 82% 3z2¢2°¢
S 5§ @8 ac fBocfcFHc 8535 88c 2o FEERCESE O ol
o 2 < S = e = c T W S T © £ ;s N & N g @ & 2=
E T c o £ 0 T tf® ¢ T o [cR] E] o £ E ¢
[e3] nw g m g ® = £ = 5 ICJI._C:!)_X_C 5 =z <
= S & N c 5 O s 0 ) X
“ T 0 6 Q
2 I
£



(a) Correlation between drought-affected population and time

0.4
0.2
0.0 +-----
c
-9 -I-
S
© -0.24 II I I II I
[
S -0.4+
—0.6 1 Fk KK
Fokok ok
-0.8 ***
(b) Correlation between drought-affected population and SPI
0.4
0.2
= 0.0' ______ - = 'l = -_—— _--' -
1 | L
-~
© 0.2
£
S -0.4
oK g * % * ¥
~0.6- ok a wk kK - ok ok
_0.8-
E‘%EE% 2= E’Ei?};’ f 2535255522382 3822
= U © T T ®m e 8B =c Q@ c 5 c 0 ¢cc 3L EC S o0
S8 £ 8o g = g g 208 T U £ 3TV g g€ aNENGR S
o F n 5 & S gl 2 - =g I To>fg232%x 2053 E
E | g 5 N ﬁ T G} wn g G} 0 >
g 2 8
£

Figure 3. Correlation coefficient between drought-affected population and (a) time as
well as (b) SPI by province. Alongside the bars are *, ** and *** respectively indicating
the significance at the levels of 0.10, 0.05 and 0.01. Bars without * imply non-
significant correlation coefficients.

In Figs. 4-5, I would recommend providing a statistical significance test.

Thank you for your suggestion. The p-value has been added to the plots.

(a) Correlation: -0.39, p-value 0.114 (b) Correlation: -0.35, p-value 0.151
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Figure 4. Scatter plots of drought-affected population against (a) time and (b) SPI in
Yunnan Province.

(a) Correlation: 0.10, p-value 0.693 (b) Correlation: -0.45, p-value 0.060
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Figure 5. As for Figure 4, but for Guangdong Province.” (Page 12, Lines 236 to 246)

I would recommend omitting the term ‘novel’ across the manuscript.

Thank you for the suggestion. Accordingly, the word “novel” has been removed from
the whole paper.

The writing quality can be improved. For example, “To examine the effectiveness, a
case study is devised for the...” I would recommend using ‘designed’, rather than
‘devised’.

Thank you for the suggestion. We have polished and proofread the whole paper.

Climate change impacts on hydrological cycle and droughts have received growing
attention. Could you briefly introduce some physical mechanism behind the drought
evolution in mainland China? How about extending this framework to compound
hazards?

Thank you very much for the constructive comment. Climate change impacts are
illustrated in the discussion:

“Under climate change, droughts are increasingly found to be interconnected with other
extreme events including heatwaves (Yin et al., 2022a), tropical cyclones (Gao et al.,
2024c), drought-flood abrupt alternation (Shi et al., 2021) and summer drought-flood
coexistence (Wu et al., 2006). This paper proposes to time as a covariate to capture the
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overall trend of nonstationary drought losses. One remarkable feature of the proposed
intensity loss function is the explicit estimation of drought loss under different
combinations of drought indices and time. As the frequency and intensity of these
compound disasters continue to increase, the socioeconomic losses are expected to rise
in the future. The relationship between socioeconomic losses and other disaster indices
can readily be investigated at local and regional scales. Given that the logistic function
is already an established growth model in biosciences (Tsoularis and Wallace, 2002), it
is expected that the proposed functions can be used to characterize the growth of
drought loss with drought conditions characterized by different drought indices.” (Page
25, Lines 391 to 400)



