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Thank you to both reviewers for their constructive and detailed responses
to our manuscript. We have responded to each of the comments below. The
reviewer comments are in bold and our responses are in normal type. Section
contains responses to comments from the first reviewer and Section [2] to
comments from the second reviewer.

1 Reviewer One

e What constitutes a reasonable amount of time between plant-
ing and harvest, as derived using model simulations and in
light of the need to better represent these rice-wheat sys-
tems? The authors might briefly include measures or notes
of what constitutes a reasonable representation in the Meth-
ods section and apply these in the Results.

We will add text to the methods section to make clearer what consti-
tutes a good or reasonable representation and update the results to
reflect the additional information.

e Caveat that these methods demand a good representation of
the monsoon system and that the limitations in applying this
to the wider range of climate models which have issues with
simulating the monsoon.

We will add text to explain that this method requires a good repre-
sentation of the monsoon and that this presents a challenge for some
climate models although not for the precipitation observations which
are also used to demonstrate the method.

Response to specific reviewer comments:

e Line 111: Discussion of Sacks and potentially cutting down
this section



We propose removing Fig 1 and just highlight the problems with Sacks
using the text and Fig 2. This should enable the first paragraph of
this subsection to be trimmed down without losing the meaning and
the motivation for the paper.

Section 2.2: Include a bit more discussion on why this par-
ticular index was selected.

— How does the NPPI provide that advantage to you over,
say, another metric and/or threshold (Zeng et al. 2004;
Li and Zhang 2009; Saini et al. 2011; Dong et al. 2015;
Guimberteau et al. 2012; Zhang; Wang and Lin 2002;
Goswami et al. 2006)?

— Were other indices considered and discarded? If so, why?
The authors mention a few others in the beginning of the
section but do not motivate the NPPI over the others,
aside from saying what it is.

NPPI was selected because it had been used previously for analysis
of regional climate models of a similar resolution. We also tried using
the approach described in Sperber et al,| (2013) which closely follows
that from Wang and LinHo (2002). Sperber et al.| (2013]) defines mon-
soon onset as the pentad where the relative rainfall rate (relative to
January) exceeds 5 mmday~! during May-September. However Sper-
ber et al.| (2013) regrids to GPCP data which is much lower resolution
than the 25km resolution data we are using here. In the NPPI method
the only regridding that takes place is to ensure that the observations
and the model are on the same grid - they are both 25km so there
is no loss of resolution in doing this. The threshold for NPPI is also
independant of the resolution of the data which is not the case for
Sperber et al.| (2013)).

We also looked at some more agricultural specific definitions of mon-
soon onset and retreat that included breaks in the monsoon, as the
germination of crops can be extremely sensitive to dry periods of more
than 10 days. The model data are generally too noisy to estimate the
monsoon statistics year on year and therefore typically estimates of
monsoon statistics are calculated using a climatology (which is a long
term average from 1990-2017) of precipitation. Unfortunately applying
these more crop specific metrics to a precipitation climatology rather
than a yearly estimate does not give great results, this is probably
because the breaks that occur in a monsoon are quite variable from
year to year and are smoothed out within the climatology.

We will add some more text to explain this to this section of the
methodology.



Moving Section 3.1 to the methodology section

We will move this section to the methodology section.

Lastly, Lucas-Picher (2011) note on their page 859 that the
NPPI was used specifically as a standard with which to com-
pare models, and that these periods may not specifically rep-
resent the beginning or end of the actual monsoon. Addi-
tionally and incidentally, they also note large range in NPPI
across models, which led them to conclude that key phys-
ical monsoon processes may be missing from many model
environments. How do the authors interpret these issues for
their work here? Perhaps a statement should be added about
the careful need to use models that are most representative
of monsoon processes (not just that RCMs are better), and
what the best measures are to evaluate this.

In the same way Lucas-Picher et al. (2011) uses the 1981-2000 cli-
matology we use a 1990-2017 climatology. Therefore the onset and
withdrawal correspond to an index computed from the precipitation
climatology and normalizes the values of the pentad to generate a value
between 0 and 1 which removes the bias of the model computation.
Although the NPPI does not correspond to an actual date for onset
and retreat that can be compared for a particular year it provides the
first pentad at which the index exceeds the onset threshold of 0.618
and the first pentad after onset where the index falls below 0.618 again
for the climatological period. It also provides the pentad during which
the index is equal to 1.0 which represents the peak of the monsoon.
The index therefore provides a pentad of onset and retreat for the cli-
matological period. The pentad is then used to find the 5-day window
for the climatological period where onset and retreat occurs which is
comparable to observations. We will clarify this in Section 2.2 of the
paper.

These RCMs and in fact the driving GCMs were specifically selected
because they are able to capture the precipitation of the ASM. If the
driving model does not capture the ASM the method would be less
effective so this is a pretty fundamental requirement. The latest gener-
ation of models capture the winds much more closely than these AR4
models but their precipitation is too low which makes them less useful
in understanding the monsoon. The AR4 models we use here provide
a better representation of the precipitation than the majority of the
newer generation of models, so although the winds are not captured
as well and they are missing potentially influential processes that are
available in newer models, the precipitation is captured which is very
important for agricultural applications. In general the monsoon is a



challenge for models because of its variability and complexity, there is
much more that needs to be done to improve the representation of the
monsoon in climate models. This method will become more robust
with improving representations of the monsoon in climate models. We
will add text to make these limitations clearer in the manuscript.

Section 2.3.1 Line 204: I may just be unable to find this in-
formation, but how was the ”area averaging” applied to the
RelMonsooncroprules? While the gridbox heterogeneity may
be incorporated into the initial calculations of RelMonsoon-
croprule (as the authors mention in line 217), I wonder how
the area-averaging actually impacts the authors goal of cap-
turing some of the spatial variation, which to me seemed a
big goal of the study.

The croprule itself is calculated on a gridbox by gridbox basis and
then an area weighted area averaging is applied afterwards to obtain a
single value for the whole of South Asia. The application of a gridbox
by gridbox croprule, while it produces perfect results for the present
day is of limited use over and above the observations because this just
makes the monsoon statistic look exactly the same as the observations.
In addition it limits the usefulness of the method in regions where there
is not a good coverage of observations. The gridbox heterogeneity is
provided by the estimate of the monsoon statistic being used which is
allowed to vary between gridboxes.

We will add text to make this clear.

Section 2.3.1 Line 222-225: I would be careful to caveat this
statement in relating it to the ASM, as the authors found
that the methods needed to be adjusted for the northeast
monsoon period in southern India (which will also affect Sri
Lanka as well).

We will add text to make this clear and modify the manuscript to say
something like: ’On the basis that most of the South Asia region is
dominated by the ASM, the RelM onsoonc,eprule’, though tuned using
India observations, can be applied to regions of South Asia that are
dominated by the ASM in order to estimate sowing and harvest dates
for larger areas with a rice-wheat rotation. The methodology does not
currently perform as well for parts of southern India where the climate
is also influenced by the Northeast Monsoon but could be modified to
provide better results for these areas.’

Figure 3: It would be helpful in Figure 3 to put NPPI calcu-
lation into box 2.3 and RelMonsoonc,opruie /MonsoonDerived-
CropDate into box 2.4, to make those linkages explicit.



We will amend this figure to reflect these comments.

Section 2.4 Line 229-231: This SWLs versus time period is
a bit confusing given that regional temperature can exceed
the SWLs, as noted. Perhaps it would be less confusing if
the authors just picked one type of scenario, based either on
time period or SWL.

As this paper was funded by the HELIX project which focussed on
SWLs in its analysis we felt some reference to the SWLS was needed
but the general use by many people of time periods makes the time
periods easier to understand. The use of time periods is much more
common than SWLs, however SWLS enable the analysis to focus less
on the climate scenarios used and more on what the world will look
like at 2, 4 or 6°. This will differ depending on when the threshold
is passed. This is a benefit as it means that the new scenarios that
are developed as part of new model intercomparison projects can be
compared against older ones from previous projects. These older sce-
narios may not contain the most up to date information on populations
or economics but in reality the uncertainties are still large and these
older scenarios are therefore no less likely than the newer scenarios
that are now available. These models simulations exceeded only the
lowest SWL and this was approximately mid-century which was why
we refer to both SWLs and time periods. We will explain this in Sec-
tion 2.4 in order to make this section clearer and less confusing. We
will also include the reference for the SWLs by (Gohar et al.| (2017).

Section 3.1 Line 261: How are you judging ”compare well
with observations?” Might a skill score or some other quan-
titative metric be included here? In fact, there are a couple
of areas in the manuscript (e.g. Line 269 comparing the mon-
soon onset with the sowing date) where it is stated that the
results look reasonable and compare well, but there is not
much context given to what is meant by this.

If the pentads of the monsoon onset and retreat were consistent with
the MinAg sowing and harvest dates i.e. for rice sowing this means
where the monsoon onset range was within the observation range, this
constituted a good comparison. Monsoon onset is well aligned with
rice sowing so there was less need for a large crop rule to shift it nearer
to the sowing date. For rice harvest and wheat sowing/harvest where
the differences between the observed sowing and harvest dates and
monsoon metrics were larger (see Table 2 in the paper), if there was
a consistent difference across the region, this also constituted a good
comparison (see appendix figures C1, C2 and C3).



When comparing the MinAg sowing and harvest dates with the mon-
soon derived ones we use the observation uncertainty as a guide for
how good the method is. If the differences were within approximately
15 days this was as good as the MinAg observations and the newly
derived dates were said to ’compare well’ with observations.

We will clarify this in the comparison with the APHRODITE observa-
tions and the comparison of of MinAg sowing and harvest dates with
the onset and retreat and try to define good, fair, poor more clearly.

I recommend moving Figure Bl to Figure 4, as it’s a bit
difficult to distinguish between the colors and having the dif-
ferences with Aphrodite on hand would be more useful and
quicker to interpret. Leave Aphrodite in the absolute color-
bar however!

We did think there is a benefit to both of these figures which was why
we put one in the appendix. We chose the current Fig.4 because we
mention this plot when referring to the differing characteristics of the
ASM in the southern part of India and this is more obvious in Fig. 4
than in B1. However given this feed back we will either put both in
the main text or swap Figure 4 and B1 around.

Figure 5: This is showing a difference in days, correct? So
sowing in the lightest blue areas in the northwest of India
are 15 days ahead of the onset? If this is the case, then
the colorbar title should be changed to ’difference in days’ or
similar, not ’Day of Year’.

Yes the blue areas represent the regions where the sowing is ahead of
onset or equivalently the monsoon onset occurs after sowing and this
figure shows the ’difference in days of year’ so the title of the colourbar
will be modified to reflect this.

Section 3.2 Line 277: Table 1 seems to suggest that rice
is sown 19 days before the onset as calculated using the
Aphrodite dataset, if I'm reading that correctly (or at least
there’s an 19 day gap between onset and sowing). How does
this align with the comments in the introduction (Line 84),
which said that rice is usually sown with the first rains? I
ask because this is also relevant to judging how ”well” the
onset and sowing periods overlap, and can be used to assess
how well the method works. If the cropping systems are so
tightly scheduled as they are described in the Introduction
(Line 90-97), then this difference between sowing and onset
could be impactful, no? What constitutes too much of a gap
between sowing and onset?



This comment and reply links closely to the comments on section 3.1
of the manuscript above. In general we do not expect the monsoon
statistics to be exactly the same as the sowing and harvest dates, this is
the reason we introduced a crop rule to move the monsoon statistics to
more closely reflect the observed sowing and harvest dates. Rather this
method relies on the fact that in general there is consistency between
the monsoon and the sowing and harvest dates across the region. This
means that even if the difference between the monsoon onset and the
sowing or harvest date is large this difference is similar across India.
This means that wheat sowing is about the same amount of time from
monsoon retreat across India and wheat harvest is about the same
amount of time from monsoon onset. Although these sowing and har-
vest events may not be dictated by the monsoon there is a consistency
there in the crop practises that we can use to estimate the sowing and
harvest events through the year.

As you go from west to east across the Indo-Gangetic Plain (IGP)
there are differences in crop practices. In the eastern IGP, where the
farms are often small and poorer, there is a tendancy to leave sowing
until the monsoon is well established to avoid crop failure that can
occur if there are any long breaks in the monsoon. In these regions
there is also a tendancy for lower yields particularly of wheat because
the late sowing of rice leads to a delay in sowing of wheat. The wheat
season, already quite short for the eastern IGP is therefore made even
more so. This is mentioned around line 88.

In the introduction we will link the paragraphs between line 81 and 95
more clearly so that it is clear that although Kharif crops are tradition-
ally sown with the first monsoon rains there are local variations, this
should link more clearly with the mention of the IGP. In the methods
section we will add some text to explain more clearly that the method
relies on the consistency of the sowing and harvest dates with the onset
and retreat rather than matching the physical dates exactly.

And along these lines, I'm a bit curious about the ERAint
and ECHAMS5 results (Looking at Table 1 and Figure 6, for
example). With respect to rice sowing, the India average
results are much closer to the onset it seems (3.4 and 10.1,
respectively). How do we qualitatively compare these results
across models and observations?

Table 1 is an average for all South Asia which includes some areas that
have very different values to the rest of the region so this will have some
impact on the values in the table. The aim of showing the different
models is to show that while there are some differences there is still
quite a lot of consistency between them. The use of the APHRODITE



precipitation observations is intended to show that the models are not
too far from reality. We would not expect all the different datasets
to give the same results. The fact that APHRODITE requires the
application of a larger crop rule value to the monsoon onset indicates
that the APHRODITE data has a later monsoon than the models.

We will add some text to this effect to Section 3.2.

In Figure 6 anyway, the coverage of blue makes ECHAMS5
look - dare I say it better than Aphrodite?! This is of course
assuming that the Bodh et al dataset tells us something phys-
ical about the monsoon onset, in that farmers plant very close
to or upon the onset (and thus sowing is a good proxy for
the onset). A little guidance on how to interpret this would
be appreciated, particularly with respect to the Aphrodite
results (which I presume would be the most realistic?).

Figure 6 is intended to highlight that the rice sowing dates are really
closely aligned with the monsoon onset in the different datasets we
have available for this analysis. It is difficult to say where one of these
datasets is better than another. Generally across India the monsoon
onset is within the range of observed sowing and harvest dates which
means they provide a good approximation to the sowing and harvest
dates, however where there are red and yellow regions in all of these
plots (indicating that the monsoon statistic range of days misses or
only overlaps the observation range of sowing days) these areas are
different between the models which makes it difficult to say where one
is better than the other. We agree though that ECHAMS5 appears to
have the smallest total area of red/yellow regions which does imply
that ECHAMS5 onset provides the closest approximation to the sowing
dates for rice, this is most likely because ECHAMS5 usually has an
earlier onset than the other datasets which makes it closer to the rice
sowing dates.

We will add some text to explain this in Section 3.2 in addition to
the changes suggested below to the explanation of Figure 6 and the
colourbar.

As an aside, it can be a bit confusing over the course of
reading the paper to distinguish ”before” or ”after” relative
to the monsoon statistics and sowing/harvesting. It’s just a
bit hard to keep the differencing straight. If there’s a way to
clearly and consistently indicate sowing dates that are before
or after the onset, for example by scaling or color coding
them explicitly, that would be very helpful.

We will modify Table 1 to remove the minus signs. The table can-



not include colours but we can make the text bold for before and
normal type for after to make it clearer where the sowing/harvest is
before/after the monsoon statistic. For simplicity in the calculation we
always subtract the observations from the monsoon statistic to get the
crop rule. This means that where the sowing/harvest dates are after
the monsoon statistic we add the crop rule by virtue of subtracting a
negative crop rule, this was why the minus signs were included in the
original table.

Figure 6: This figure has potential to be very helpful, par-
ticularly related to my comments above, but is confusing in
its current form and description. I think ”hit”,”overlap” and
”miss” need to be more clearly defined, as there’s an ”over-
lap” color and the bar itself is called ”overlap”. The text,
Lines 270-275, do not provide any further clarity in their
current form, as both the word ”around” and ”at least close
to” are used for the blue and the yellow. These are too vague
to be helpful in interpreting the maps.

We will modify the colourbar title to say: 'Proximity of the monsoon
onset in days of year to the range of days of year for observed rice
sowing’ We will modify the description of Fig. 6 from line 270-273
which currently reads:

Figure 6 shows the comparison between the rice sowing MinAg ob-
servations compared with the monsoon onset in the simulations and
APHRODITE observations; the blue regions show that rice sowing oc-
curs around the time of monsoon onset for a large proportion of India
with the model within or at least close to (yellow regions) the range
of the observations.

to say the following:

The monsoon onset and retreat estimates are provided in days of year
with an uncertainty of plus or minus 2.5 days. The MinAg observations
are also provided in ranges of days of year with a typical range being
approximately 15-days. Figure 6 is designed to summarize how well
aligned the monsoon onset range is to the observed range of rice sowing
dates i.e. how the 5-day onset windows coincide with the 15-day sowing
window. If the monsoon onset range is completely within the range of
sowing days provided by the observations then this is classed as a ’hit’
in Fig. 6 (shown by the blue regions). If the monsoon onset range is
completely outside the range of the observed sowing days then this is
classed as a 'miss’ in Figure 6 (shown by the red regions). The yellow
regions in Fig. 6 show the places where the monsoon onset overlaps
the range of observed sowing days but does not completely fall within
it; these regions are labelled 'Overlaps’.



Technical Comments:

e While I did not catch many technical faults with the manuscript,
I would say in general, I the Intro and Motivation could be
condensed a bit. It reads a bit long now and some of the
material can be more succinctly stated.

We will look into this, the removal of Fig. 1 and the subsequent
redrafting of the introduction/motivation to accomodate this will ad-
dress these changes.

e Also Section 2.3.1 may not be needed as you move directly
to Section 2.4

We are not sure we follow this. We think we do need section 2.3.1
as this is the detail of the method - i.e how we get from the mon-
soon statistics to the new sowing and harvest dates derived from the
monsoon? We have assumed the reviewer was referring to the earlier
recommendation to move section 3.1 to section 2. If we have misunder-

stood please let us know, otherwise we will move section 3.1 to section
2.

e The Discussion and Conclusions section can be condensed I
think, as the beginning of the Discussion section (Lines 335-
343) already read like the beginning to a conclusion.

We will revisit these sections and see if there are areas we can reduce
the text.

e I would lastly request that the authors check the titles of all
their colorbars, as some (like Figure 5) I don’t think quite
convey the intent of the figure.

We will check all the plots and the colourbars and correct any that are
unclear.

2 Reviewer Two

2.1 Main review comments

1. I think their method for estimating monsoon rice sowing date
across time and space is likely to be good, however I am less
convinced with the estimate of harvest date. From what 1
can gather, they make the assumption that the retreat of the
monsoon is predictably associated with rice harvest, with cer-
tain lag. This is very often not the case in South Asia, with
the monsoon stopping well before rice harvest in many years
(leaving crops with a dry finish) while in other years the crop
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is ready and waiting for harvest in the field with the mon-
soon ongoing and preventing farmers from harvesting. In my
experience of working in this region with rice-wheat systems
(10 years now), I have never felt that rice harvest is reliably
predictably from date of monsoon retreat. They present re-
sults to show the degree to which observed harvest dates and
estimated ones agree, but I believe the variability /error in
that might overshadow all the improvements in estimation of
sowing date they have gained?

We agree with the reviewer that the method is the strongest in esti-
mating the rice sowing date and the rice harvest and its association
with the monsoon retreat is not as strong. The large variability of the
monsoon phenomena is often the challenge for the modelling commu-
nity. In this paper we use a climatological estimate of the monsoon
onset and retreat, in this case a 17-year period. This approach is used
because the data are too noisy to calculate the monsoon statistics on
a year by year basis. As a result of this approach the large variability
in the monsoon on a year by year basis is smoothed out and as a re-
sult highlights a consistency between the sowing/harvest dates and the
climatological monsoon statistics. It is this consistency between the
monsoon statistics and the crop dates that we have tried to exploit in
developing this method. We focus on when the crops are planted and
harvested (rather than why) and demonstrate that there is an empir-
acle relationship between the monsoon statistics of onset and retreat
that is consistent with the sowing and harvest dates. We will make
this clearer in the text and note in the introduction that this method
is aimed at large scale modelling not advising farmers.

. I am also wondering why estimation of harvest date is re-
quired by crop models to which this method might be ap-
plied? Don’t crop models actually simulate when the crop is
ready for harvest, given an input of sowing date? Estimating
the sowing date is of great value as a model input parameter,
no doubt, but why estimate harvest? Why not simulate?

This work has been done as preparation for the generation of ancillary
files for the JULES impacts model, the crop model in JULES requires
a thermal time ancillary for each crop being simulated (Osborne et al.,
2014). In this situation, in order to generate the thermal time ancillary
an estimate of both the sowing and harvest dates for the crops being
simulated is needed. Many other crop models, for example GLAM
(Challinor et al.l 2004), as the reviewer points out do calculate the
thermal time using temperature and the cardinal temperatures. Us-
ing a crop model may be the preferred option, however setting up a
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crop model is a complex problem requiring lots of data which is often
not available and generally involves a lengthy tuning process. Part
of the novelty of this method is that compared to the complexity of
running a crop model it does not require large amounts of data and
it also is relatively simple to do. We will add discussion of this to the
manuscript.

. Even if not simulating harvest date, wouldn’t it be better to
simply use their climate models to accumulate daily thermal
time after sowing to better estimate harvest time, rather than
using retreat of the monsoon?

The method presented in this paper could be used to generate sowing
and harvest dates or just sowing dates depending on the requirements
of the crop model being set up. If the crop model requires a ther-
mal time the method presented provides the sowing and harvest in-
formation to generate the thermal time, however if only a sowing date
is needed the user need only take this information from the output.
Where a sowing and harvest date is used it is assumed that the crop
model takes the thermal time as an input and uses this to ensure the
crop develops throughout the crop season and is harvested at the right
time. We will add text to explain this to the paper.

. I also understand that the authors have used a fixed time
(days) after retreat of the monsoon to estimate wheat sowing
date. This is similarly worrying for me, due to the variabil-
ity in when the monsoon retreats, compared with the actual
year-to-year constancy of the date in which many farmers
(particularly those with access to irrigation water for growing
rabi wheat) sow their wheat crops in South Asia. Sowing of
rabi wheat is almost never triggered by soil water availability
or time from the monsoon finish, or rainfall. It is triggered
by a recommended ideal or optimum sowing date, advised by
the local agronomic extension service or university. When
you have irrigation water, you are not dependant on rainfall
for sowing. All rabi wheat in South Asia is irrigated to the
best of my knowledge. So, once again I would suggest that
the optimum sowing time for rabi crops like wheat is a bet-
ter estimation of actual wheat sowing date than the method
the authors have presented. This will vary slightly between
locations in South Asia, but not greatly. I suspect a lot less
than the estimated sowing dates from the author’s methods.
Also, this ’optimum’ sowing date will change with a changing
climate of course, but crop models can simulate that.

We agree that the sowing and harvest of wheat is less strongly associ-
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ated with the monsoon than rice sowing and monsoon retreat is more
uncertain and variable between years. However as mentioned above
using the climatological estimates of the monsoon statistics smooths
out this variability and makes the consistency between the monsoon
statistics and sowing and harvest dates for wheat more apparent. Even
though the actual number of days between the observed sowing and
harvest dates and the monsoon is quite large the amount of time across
South Asia between the monsoon statistics and the rice harvest/wheat
sowing is actually quite consistent between model runs. It is this con-
sistency we are attempting to use to calculate the new sowing and
harvest dates rather than a physical basis with the idea being that the
monsoon provides the broader seasonality associated with different
crop seasons in this region. We will add text to the methods making
clear the aims of the method and include discussion of the potential
limitations of the method raised by the reviewer.

. Once a sowing date for wheat has been estimated (by what-
ever method), I would suggest that the best method to esti-
mate harvest date is simply to simulate it using crop models.
They take into account thermal-time accumulation require-
ments for different crops and varieties, slowed or hastened by
things like water stress, N-stress etc.. But if an even more
simplified method is desired just from climatic data, why not
just accumulate thermal time from the climate data following
the estimated sowing of the crop, until the specified thermal
time requirement for that crop is met?

As mentioned above in some cases both sowing and harvest dates are
needed and using a crop model is a much more complicated option
than the method presented here requiring a lot more data. However
we can see a real benefit of taking the sowing date and adding an
estimate of the thermal time and/or crop duration to it for each crop
and comparing this with the observed harvest date. We will add this
sort of calculation to the manuscript for some example varieties of rice
and wheat grown in this region, which varieties will depend on the
data available.

. Lastly, I guess a significant reason why I am not yet con-
vinced by the presented methodology is that the authors have
not provided adequate evidence that it works for estimating
things like crop duration which eventually leads to crop yield
(most likely the key aspect on which an adaptation strategy is
assessed). Just showing error in sowing date and harvest date
and claiming that they’re individually not too bad doesn’t
fill me with confidence. For example, a 15% +ve error in
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estimating sowing date, combined with a 15% -ve error in
harvest date could mean a 30% error in crop duration. This
would have a huge effect on gran yield. Apart from estimat-
ing sowing date correctly, how often does method estimate
’crop duration’ correctly? That would be more meaningful
question for me. A check on whether their method is reg-
ularly getting ’crop duration’ correct would be a good test
that they may be easily able to add to this manuscript?

We agree that the inclusion of a comparison of the observed crop duration
and the crop duration based on the estimated monsoon sowing and harvest
dates would be a good test of the method. We will add this comparison
to the manuscript. The observed sowing and harvest dates are given as a
range of days and to do the calculations we use the midpoint. Therefore the
comparison between the observed crop duration will include an estimate of
the uncertainty in the range of days of sowing and harvest dates in order to
compare against the estimated crop duration. Including this comparison of
crop durations together with a comparison between the harvest dates from
the main method presented in the paper, the thermal time approach (see
point 5.) and the observed harvest dates should provide some clear evidance
one way or the other on how good the outputs are from the main method
presented in the paper.

2.2 Miscellaneous points

e Title - wouldn’t ’Estimating’ or 'Predicting’ be a better word
than ’Defining’ in this context?

Any of these would also be appropriate. We chose to use "Defining
sowing and harvest dates...” because we are using the estimated sowing
and harvest dates in a modelling context. If the editor is happy with
a change to the title we are happy to change it to 'Estimating sowing
and harvest dates based on the Asian Summer Monsoon’

e Ln 12 - replace ’are’ with ’is’ and insert 'more representative’
before ’climate’ We will change line 11-12 to the following: The aim
of this method is to provide a more accurate alternative to the global
datasets of cropping calendars than is currently available and generate
more representative inputs for climate impact assessments.

e Ln 24 - replace ’site’ with ’field’?

We will change ’site’ to be ’field’ so this sentence becomes: Many crop
models are developed at the field scale using site specific observations
to drive models and optimize outputs.
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e Ln 61 - add ’and cropping environments (soils etc)’ after ’cli-
matic conditions’

We will modify line 61 to say: ...assumptions and generalizations need
to be made across a region with a wide variety of climatic conditions
and cropping environments (soils etc).

e Ln 89 - Basmati rice is really only grown in Pakistan to my
knowledge, but most ’local’ rice varieties are long-season and
highly photo-period sensitive.

Erenstein & Laxmil (2008]) suggested that Basmati rice varieties were
popular in Haryana and across the IGP. However we did find infor-
mation on Basmati cultivation in Pakistan as well so we will mention
this as well in the manuscript. The paper focuses on India because the
crop data used is from the India Ministry of Agriculture and Farming.

e Ln 307 - ’is still good agreement’ - this is very qualitative.
Why is it ’good’? What are your criteria for ’goodness’?

This comment also relates to the comments from reviewer 1 given
in Section [1| regarding section 3.1 and 3.2 of the manuscript. When
comparing the MinAg sowing and harvest dates with the monsoon
derived ones we use the observation uncertainty as a guide for how
good’ the method is. The MinAg sowing and harvest dates were
given as a range of days of year generally about 15-day windows. So
if the differences between the MinAg observations and the estimated
sowing and harvest dates were within 15-days of each other this was
considered a good estimate and the newly derived dates were said to
‘compare well’ with observations. We will make this clearer in the
manuscript.

e Ln 403 - 'Sowing and harvest dates are an important input
within crop models...” - is this true? Sowing date is an im-
portant input, yes, but harvest dates are usually simulated?
What crop models are you talking about that need to be told
the harvest date?

See reply to the earlier comment number 2 in Section[2.1] In some crop
models they take as input a thermal time and in order to calculate a
thermal time an estimate of both sowing and harvest is needed.
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