Responses to Reviewer #1
Dear Reviewer,

We sincerely thank you for the positive assessment of our manuscript and for the constructive comments. We
have carefully considered all suggestions and have prepared corresponding revisions, which will be
incorporated into the revised manuscript after the discussion stage. In this public author comment, we provide
point-by-point responses and indicate the main changes that will be made.

Reviewer’s overall assessment

This study identifies and tracks three-dimensional spatiotemporally continuous heatwave events across
mainland China during 1986-2024 and investigates the evolution of heatwave characteristics across different
warming phases. By treating heatwaves as continuously evolving regional processes rather than local extreme
events defined at the conventional grid scale or through regional averaging, the study provides a novel
perspective that contributes to understanding heatwave evolution in terms of persistence, severity, spatial
extent, and migration characteristics. The manuscript is logically organized with a clear narrative structure.
The study addresses a scientifically meaningful question and falls well within the scope of the journal and the
interests of its readership. I recommend minor revisions prior to acceptance. The main issues relate to the
transparency of methodological descriptions, the interpretability of metric definitions, the consistency of
terminology, and aspects of figure and table presentation.

Response: We appreciate the reviewer’s encouraging evaluation. The comments are clear and constructive,
and they mainly concern methodological transparency, metric definitions, terminology, and figure/table
presentation. We agree with these suggestions and will revise the manuscript accordingly, as detailed below.

R1C1:

(1) Lines 120-124: The manuscript defines heatwaves as periods during which daily maximum temperature
exceeds the daily 90th percentile threshold for at least three consecutive days. However, the description of the
threshold calculation remains relatively brief. It would be helpful to clarify whether the threshold is calculated
independently for each grid cell and to provide additional details on the implementation of the 15-day moving
window.

Response: Thank you for pointing out this lack of clarity. We will clarify in Section 2.3.1 that the 90th
percentile threshold was calculated independently for each grid cell. For each calendar day, the threshold was
estimated from all daily maximum temperature values within a 15-day moving window, i.e., £7 days around
the target calendar day, over the full study period of 1986-2024. We will also explain that the use of a
calendar-day-specific percentile threshold with a 15-day moving window follows common practice in
heatwave identification and helps reduce discontinuities between adjacent calendar days. This clarification will
improve the transparency and reproducibility of the heatwave identification procedure.

The relevant Methods text will be revised along the following lines: “At each grid cell, a heatwave event was
defined as a period of at least three consecutive days during which the daily maximum temperature exceeded
the calendar-day-specific 90th percentile threshold. The threshold was calculated independently for each grid
cell. Specifically, for each calendar day, the threshold was estimated from all daily maximum temperature
values within a 15-day moving window, i.e., £7 days around the target calendar day, over the full study period
of 1986-2024.”

R1C2:

(2) Section 2.3.1: The three-dimensional continuous event identification method is a core component of this
study; however, several key aspects of the methodology remain insufficiently described. For example,
heatwave events may split into multiple sub-events during their temporal evolution, in which case event



merging may be required to preserve continuity. It is currently unclear whether such situations were
considered.

Response: We agree that this methodological detail needs to be stated more explicitly. In our identification
procedure, heatwave events are treated as connected spatiotemporal components in a longitude-latitude-time
framework. Spatial hot-temperature patches identified on adjacent days are linked when their overlap area
exceeds the specified threshold. If one patch on day t is connected to multiple patches on day t+1, or if
multiple patches on day t are connected to the same patch on day t+1, all connected patches are assigned to the
same event object. Thus, splitting and merging cases are retained as part of the same evolving heatwave event,
provided that they satisfy the temporal-adjacency and spatial-overlap criteria. We will add this explanation to
Section 2.3.1 to clarify how event continuity is preserved during event splitting and merging.

R1C3:

(3) The definition of heatwave area (HWA) is currently unclear. Based on the current description, it is not
entirely clear whether this metric represents the cumulative affected area over the event lifetime or the overall
spatial footprint of the event. Further clarification of this definition would improve interpretability and help
ensure consistency throughout the manuscript.

Response: This is an important clarification. In this study, HWA refers to the overall spatial footprint of a
heatwave event, defined as the total area covered by all unique grid cells affected by the event at least once
during its lifetime. It is therefore not the cumulative affected area summed over individual days. We will
revise both the textual definition and the equation of HWA in Table 1 to avoid ambiguity. The revised

equation will be expressed as HWA= A (i€ G _E), where G_E denotes the set of unique grid cells

affected by event E during its lifetime and A, is the area of grid cell i. We will also check all subsequent uses

of HWA to ensure that the metric is consistently interpreted as an event footprint.

R1C4:

(4) Section 3.5 compares the events with the largest HWS in each warming phase, which provides useful
illustrative examples for demonstrating differences in heatwave characteristics across periods. However, the
term “representative events” may be misleading, as it could imply broader generalizability than intended.
Consider using terminology that better reflects their illustrative nature, such as “typical events” or “case
events”.

Response: We agree that “representative events” may overstate the generality of these examples. Because the
three events were selected as the events with the largest HWS in each phase, we will replace “representative
events” with “selected high-severity case events” in Section 3.5 and in the relevant figure captions. We will
also adjust the wording in this section so that the case-event comparison is presented as illustrative evidence
rather than as a basis for broad generalization.

R1C5:

Table 2 currently combines information on duration-class proportions and trend estimates for multiple
indicators, resulting in a relatively dense presentation and making horizontal comparison difficult. Consider
separating the information into two tables: one presenting the number of events and the proportions of
different duration classes across the three phases, and another summarizing the trend estimates for HWF,
HWD, HWS, HWA, HWL, and Speed.

Response: We agree that the original Table 2 was too dense and made horizontal comparison difficult. We
will split it into two separate tables. The revised Table 2 will report both the number and proportion of events
in each duration class across the three warming phases. The revised Table 3 will summarize the trend estimates
of HWF, HWD, HWS, HWA, HWL, and Speed. This separation will make the duration composition and the
trend estimates easier to compare. In particular, the revised duration-class table will include event counts
together with percentages, rather than percentages alone.



R1Ce6:

(6) Consider reorganizing figure 7 into a 3 x 4 layout to improve clarity and facilitate comparison across
panels. In addition, the meaning of the label “ALL”, which appears in several panels, is currently unclear and
should be explicitly defined in either the figure caption or the main text.

Response: Thank you for this useful suggestion. We will reorganize Figure 7 into a 3 x 4 layout. In the revised
layout, the columns will correspond to ALL, Phase I, Phase II, and Phase III, and the rows will show the
relationships of HWL with HWD, HWS, and HWA, respectively. This arrangement will improve readability
and facilitate comparison among phases and among relationships. We will also define “ALL” directly in the
figure caption as all identified heatwave events during the full study period of 1986—2024. The caption will be
revised to avoid ambiguity in the phrase “heatwave events track length”; for example, it will refer to
“heatwave track length (HWL)” or “heatwave-event track length (HWL)”.

R1C7:

(7) The manuscript uses multiple related terms interchangeably, including heatwaves, heatwave event, and
heat event. This may introduce unnecessary ambiguity regarding the specific unit of analysis being discussed.
Consider adopting a more consistent terminology throughout the manuscript (e.g., using “heatwave event” or
its abbreviation where appropriate) to improve clarity and maintain consistency.

Response: We agree that the terminology should be made more consistent. We will use “heatwave event(s)”
when referring to the identified three-dimensional event objects and event-level metrics, such as HWD, HWS,
HWA, HWL, and Speed. The broader term “heatwaves” will be retained only when referring to the general
phenomenon or when summarizing previous studies. The term “heat event” will be removed to avoid
ambiguity. This revision will make the unit of analysis clearer throughout the manuscript.

R1CS:

(8) Line 156: The meaning of “DD” is unclear. Table 1 defines duration using the abbreviation HWD and
already provides an explanation of this metric, making the introduction of an additional notation potentially
unnecessary. Consider using consistent notation throughout the manuscript and replacing “DD” with “HWD”
in the HWS equation if they refer to the same quantity.

Response: We agree with this comment. In the revised manuscript, we will replace “DD” with “HWD” in the
HWS equation and in the explanatory text below Table 1. HWD will be used consistently to denote the
duration of a single heatwave event. This change will avoid introducing an unnecessary additional notation for
the same quantity.

R1C9:

(9) The term “HW Days” used in Figure 8 and Figure S4 appears to correspond to HWD. To improve
consistency and avoid potential confusion, consider using the abbreviation HWD uniformly throughout the
manuscript. In addition, the scientific notation labels in the upper-left corners of panels d, f, i, j, and | in Figure
S6 appear to overlap with other figure elements, which affects readability. Figure presentation could be further
adjusted to improve visual clarity.

Response: Thank you for pointing this out. We agree that the label “HW Days” may cause confusion with the
event-level metric HWD. However, the maps in Figure 8 and Figure S4 describe annual heatwave days at the
grid-cell scale, whereas HWD denotes the duration of a single identified heatwave event. To avoid conflating
these two related but different quantities, we will revise the label “HW Days” to “annual heatwave days” in
Figure 8 and Figure S4 and define it explicitly in the figure captions. The abbreviation HWD will be retained
only for event-level duration. In addition, we will adjust the layout of Figure S6 to remove the overlap of the
scientific-notation labels in panels d, f, i, j, and 1, thereby improving readability and visual clarity.

Closing note: We again thank the reviewer for the constructive suggestions. The corresponding revisions will
be incorporated into the revised manuscript and response file after the discussion stage.



