Reviewer 1:
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Myers et al : Seasonal variation in landcover estimates reveals sensitivities and opportunities for
environmental models

The authors present results from a study exploring the impact of using temporally resolved land
cover data for water quality and hydrological model development. The manuscript reads
reasonably well but there are some structural issues that need to be addressed (see specific
comments below). My other concerns are relatively minor and are related to the presentation and
discussion of results. I believe this manuscript could represent a useful contribution to our
understanding of model uncertainty associated with seasonal landcover changes. While, the
manuscript, in current form is not suitable for publication, with relatively minor revisions this
study would be suitable and of broad interest to the readership of HESS.

Response: We thank the reviewer for the helpful and constructive feedback. We have
made improvements to address the structural and minor concerns below. Thank you for
taking the time to help us communicate our findings, which we agree are of broad interest
to HESS readership.

Specific comments:
Line 16: Qualify the potential implications on land cover characterization here.

Response: We expanded on this abstract sentence to incorporate the implications of
seasonal land cover characterization in models:

“Most readily available landuse/landcover (LULC) data are developed using growing
season remote sensing images often at annual time steps, but LULC characteristics can
have seasonal inconsistencies, which could impact geospatial models applied to another
season of data.” (to be updated at page 1, line 16 of the preprint)

Line 55: It seems like you need a research question/hypothesis linked to the spatiotemporal
variability in land cover quantification. Where certain types of catchments more likely to exhibit
large seasonal shifts in land cover quantification?

Response: We agree that having a hypothesis here related to the variability would make
communication of our structure more clear. We added the following text:



“We hypothesized that watersheds with mixed landcover types (e.g., a combination of
built and trees) would have the greatest variability in landcover classification between
growing and non-growing seasons due to heightened temporal inconsistencies, which
could carry over into sensitivities for watershed-scale geospatial models.” (to be added at
page 2, line 57 of the preprint)

Figure 3. The differences in landcover between seasons seem most pronounced for 2016. This is
interesting and isn’t explored in the manuscript. This is important as you are using 2016 (i.e.
national landcover database) as the reference and if this was a particularly anomalous year could
there be implications for your conclusions? Perhaps think about exploring the drivers of inter
annual variability here (e.g. climate drivers).

Response: We thank the reviewer for pointing out this implication that was in need of
further discussion to ensure the usability of our findings in different time periods. We
now relate the 2016 LULC differences to those of other years, in particular the next
instance of NLCD data available in 2019. We also now discuss potential causes of year-
to-year changes based on previous work, such as uncorrected differences in atmospheric
conditions or reflectance.

“The differences between seasons were not limited to a single year of data or watershed
and could be more or less pronounced depending on the watershed and time period. For
instance, our study watershed for the LULC change simulation (Case #2, Rock Creek)
showed a 9% increase in built LULC, and a 12% decrease in tree area, in non-growing
season relative to growing season Dynamic World data from 2016. Meanwhile, our study
watershed for the independently calibrated models (Case #3, Difficult Run) showed a
12% decrease in tree cover and a 10% increase in built areas in the non-growing season
compared to the growing season Dynamic World 2016. Over the entire time period of
available Dynamic World estimates for these watersheds, growing season LULC
estimates generally had more tree area, while non-growing season had more built area,
and 2016 had the most pronounced differences (Figure 3c-f). For 2019, when the next
instance of NLCD is available for comparisons, differences between non-growing and
growing season estimates would be less pronounced for the Rock Creek Watershed (+5%
built area and -8% trees), but approximately the same as 2016 for the Difficult Run
watershed (+10% built area and -11% trees). In some years such as 2017-2018 the
relationship could be reversed. Potential causes for these differences include vegetation
phenology (e.g., green up) affected by climate (Khodaee et al., 2022), or measurement
artifacts such as atmospheric conditions (aerosol scattering, water vapor, and absorption
of light) and reflectance (bidirectional reflectance and zenith angle) which can cause
non-random errors in top-of-atmosphere readings used for classifying LULC (Zhang et
al., 2018; Kaufman, 1984; Rumora et al., 2020). Dynamic World used a calibrated
surface reflectance product to train the classifier (Sentinel-2 Level-2A; L2A) but a top-of-
atmosphere product (Sentinel-2 Level 1C; L1C) to generate the dataset (Brown et al.,



2022). Previous work in our study area has found strong inter-annual variations across
spectral bands in remotely sensed imagery that were caused by uncorrected atmospheric
conditions and could impact multi-year LULC classification (Sexton et al., 2013). These
differences in atmospheric conditions and reflectance would not be corrected for in
Dynamic World data and potentially contribute to differences in classification results
over time.” (to be updated at page 9, lines 176-184 of preprint)

Table 2. I’'m not sure on the relevance of presenting the AIC score here? This is normally used
for model selection —wouldn’t the RMSE of the fitted values be a more useful indicator of
differences between the land cover quantification methods.

Response: We switched our AIC calculations to RMSE to better indicate model
performance with different LULC seasons. Our conclusions did not change but are now
better supported.

“The model for growing season built LULC vs. median SC had an R? of 0.69, while the
same model for non-growing season LULC had an R? of 0.70, and the RMSE's for both
models were within 3 RMSE units (150.16 and 148.08, respectively), which suggests
similar performance. For perspective, a model created with developed classes from
NLCD 2016 had a similar fit as both seasonal models (R? of 0.66 and RMSE of 155.91;
Table 2), supporting that Dynamic World could be relevant for identifying LULC
forcings affecting water quality particularly where regional products such as NLCD are
not available.” (to be updated at page 9, lines 194-199 of preprint)

Figure 4. Colour contrast makes it difficult to view the different lines/points. Perhaps consider
using a different palette with stronger contrasts? Also this looks like a quadratic relationship
rather than linear?

Response: We modified the color palette of Figure 4 to be more contrasting, as well as
changing the widths and types of lines. We also explored quadratic fits to the models
instead of linear and the impacts to R2 and RMSE. The quadratic models had a better fit
as the reviewer pointed out; thus, we updated the manuscript with the quadratic models.
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Figure 4: Modeled median specific conductance (SC) for 37 watersheds comparing
Dynamic World 2016 growing and non-growing season built and NLCD 2016 developed
LULC, with 95% confidence intervals as dashed lines.

Line 265: Move figure from supplementary material to support discussion of the implications for
model parameters. | think this is an important part of the manuscript and should be given more
prominence.

Response: We moved the figure to the manuscript to support the discussion as suggested
(now Figure 7).

Conclusion — avoid excessive referencing to other studies in the conclusion section.

Response: We removed references from our conclusions section and instead ensured they
were cited in the introduction and/or discussions. We believe the conclusion now reads
easier following the reviewer’s suggestion.

“When seasonal changes in LULC data occur, due to classification difficulties such as
vegetation cycles (e.g., deciduous leaf cover in mixed-LULC areas), hydrologic and
water quality models developed using growing season LULC inputs could behave
differently from those using non-growing season LULC, with meaningful differences for
environmental efforts such as pollutant load reduction targets. The cause in temperate
watersheds is primarily a sensitivity to changes from built to forest LULC proportions
that affect modeled runoff and nutrient yields, representing temporal classification



inconsistencies rather than actual succession or restoration. Environmental and
geospatial researchers should be aware of this sensitivity when developing models and
assessing changes in LULC as they relate to water quantity and quality, especially when
considering the use of different seasons of available Dynamic World LULC data in a
model. The seasonal variation in Dynamic World LULC data we identified is pertinent
for environmental models of future climates, biodiversity, habitat loss, land management,
ecology, and biogeochemistry that are dependent on precise assessments of LULC
change that could be affected by the seasonal classification variation.” (to be updated at
page 14, lines 277-288 of preprint)

Lines 300 -315: Rather than a bullet point list | suggest you develop a more coherent narrative
focused on the implications of your findings and future research directions. This could go before
the conclusion section.

Response: We have now added a future research section (3.5) to the end of our discussion
and replaced the bullets with a one-sentence summary in our conclusion.

“The impacts of seasonal landcover inconsistencies on geospatial models could yield
several additional future research directions that build upon our findings. As our study
used watershed-scale water quality and quantity investigations, further work should
investigate how seasonal LULC classification inconsistencies could affect assessments of
habitat, biodiversity, land management, ecology, global hydrology, and future climate
based on LULC change (e.g., Yang et al., 2022; Di Vittorio et al., 2018; Hales et al.,
2023). It may be particularly useful to explore whether the high resolution, high
frequency LULC data could be used in LULC change models (e.g., Hood et al., 2021) to
improve the temporal precision of interpolations between discrete LULC images. Future
work could also investigate how seasonal LULC classification inconsistencies influence
models outside our temperate study area (e.g., mountainous, arid, tropical, high-latitude,
savannah, Mediterranean, continental) to gain a broader understanding of global
geospatial model impacts. The use of high-frequency monitoring data (Zhang et al.,
2023) could be explored to investigate the influence of high temporal resolution LULC on
water quality patterns, as well as whether a modification to environmental models such
as time varying parameters (Li et al., 2019) could account for the seasonal differences in
Dynamic World LULC classifications. Future research could also incorporate LULC
pixel probabilities from the Dynamic World dataset (Brown et al., 2022; Small and
Sousa, 2023) into geospatial models and investigate their utility for environmental fields.
Post-processing approaches for high temporal resolution LULC products to address
seasonal inconsistencies (Sexton et al., 2013; Liu and Cai, 2012; Hermosilla et al., 2018)
could aid in alleviating the impacts of seasonal inconsistencies causing model
sensitivities as well. Finally, future work could investigate which seasons of LULC data
are most accurate for different purposes, such as vegetation or impervious surface



classification, and how causes of year-to-year inconsistencies in seasonal LULC
estimates could affect models.” (to be added after page 13, line 275 of preprint)

“We discussed future research directions which could advance capabilities to use high
spatiotemporal resolution global LULC information such as Dynamic World for
geospatial models across disciplines.” (to be updated at page 14, line 295 to page 15, line
314 of preprint)
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