Ref.: MS. bg-2022-317 Biogeosciences Reconciling different approaches to quantifying land

surface temperature impacts of afforestation using satellite observations
General comments:

This study conducted an interesting research about three influential approaches in evaluating
the climatic effects induced by afforestation over China. So far, no such studies have ever
compared the three methods simultaneously and investigated the underlying mechanisms that
lead to their discrepancies and more importantly, whether the discrepancies can be mitigated or
reconciled. I'm happy to see that the authors filled this knowledge gap and gave us a good
reference. As far as [ know, in previous studies involving both the actual and potential effects
(Li Yan, 2016, JGR-A, Shen Wenjuan, 2019, AFM), the two effects, characterized by LST
changes (or cooling) were comparable and consistent in magnitude. As a result, their
discrepancies attracted less attention. Fortunately, this research emphasized this point by
applying the afforestation experiment over China. Coincidentally, I have a pending research (in
prepare for subscription) in support of the result (actual effect is largely less than potential effect)

in this study.

Overall, I appreciate the authors' efforts to put this question forward and gave a good

demonstration.

We appreciate the comments which will help us to improve the manuscript. We are also glad
that this researcher reaches a similar conclusion. Please find below the original comments (in

black) and our responses (in blue).
Specific Comments:

(1) The distribution of sample grids about the actual and potential effect were not shown. Maybe

you can display them in Supplemental Materials, like Peng Shushi et al., 2014, PNAS did.

We will add the distribution of sample grids of the actual and potential effects in the

supplemental material in the revised manuscript (MS) (shown below in Fig. R1).
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Figure R1. The distributions of the original sample pixels (1km resolution) for (a) actual effect

and (b) potential effect.

(2) Line 313: Please explain why GlobeLand30 is not suitable for detecting forest change,

instead of just citing Zeng et al., 2021.

To address this comment, we showed in Fig. R2 (below) that GlobeLand30 failed to capture the
large-scale forest gain in Southeast China (range of 110°-120°E, 25°-30°N) from 2000 to 2010.
Therefore, we did not directly use the GlobeLand30 dataset to detect forest change. Nonetheless,
we decide not to include this Fig. R2 in revised MS in order to avoid the redundancy of the

Method section.
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Figure R2. The spatial distribution of forest gain pixels (1km resolution) detected based on

GlobeLand30 between 2000-2010.

(3) When computing the mixed and full potential effects, what threshold did the authors use to

define a 1-km pixel as an afforested pixel using the GFC data? In addition, the method to



process land cover data (GlobeLand30) seems to be ambiguous, since Line 189 described using
the majority method to aggregate 30 m to 1km, but Line 309-310 mentioned "vegetation type
with area fraction > 50% for every 1kmx1km window". In my opinion, majority does not equal >
50%. For instance, one land cover type (i.e., cropland) accounts for 30% can also be designated

as the dominated type as long as 30% is the largest area fraction.

For the first question, 1-km pixels with the net forest cover gain > 0 according to the GFC
dataset were defined as afforested pixels. We will modify sentences in the Methods section in

the revised MS to more clearly define afforestation pixels.

Regarding the second question, we acknowledged that the expression of “majority method” in
the MS was misleading. 50% was set as a fraction threshold to define the land cover types based

on GlobeLand30. We will revise the related description in MS.

(4) Line 311. What dataset did forest and openland stem from? Based on the early description,
forest was only from GLC data and openland only from Globeland30. Please give a clear
declaration here. Once more, it's important to clearly elucidate the criterion to define the
afforested 1-km pixel when aggregating 30-m pixels. If the authors used 50% as the threshold,
then the bars below 50% in Figure 6 seem to be unreasonable because pixels with afforestation
fraction below 50% was not afforestation anymore. But if using a lower threshold, would the

1-km pixel stay as an afforestation pixel? Please, give an explicit and consistent explanation.

For the first question, forest and openland stem from the generated land cover map based on
GlobeLand30. Forest pixels in this map (Fig. R1b) were selected as samples to obtain potential

effects.

For the second question, pixels where forest gained (i.e., afforestation fraction >0%) as detected
from GFC (Fig. R1a) were selected to derive the actual effect. Thus, the afforestation fractions
in Fig. 6 are reasonable. These two points have been described in the Method section, so we

prefer not to make any modifications to MS.



(5) When collecting the sample pixels, did the authors consider the impact of water pixels? As
far as I know, the common method is to abandon the grids in which water pixels account for

more than a fraction (5% or 10% or 15%...).
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Figure R3. Histogram of water cover fraction of all samples in this study.

In the previous MS, the impact of water cover impact was not considered. As suggested, we
took into the “water fraction” and checked the water cover fraction of research pixels based on
the land cover fraction map (Fig. 2 in MS) from GlobeLand30. As shown in Fig. R3, the water
fraction among all samples in this study is less than 10%, with almost 95% of samples
containing no water area (water fraction=0%). In this way, we believe that removing samples
where the water fraction is >5% or 10% may have less effect on the findings of this study,

therefore we prefer not to change research samples in MS.

(6) Section 2.4, I wonder about the significance and necessity of using Bonferroni correction in
this study. Many audiences including me seem not to be familiar with this operation. The

authors may give a more detailed explanation.

We performed paired samples t-test to examine the differences in the afforestation effects on
land surface temperature (LST) based on three approaches, which involved three hypotheses,
i.e., ATa =ATp1; ATa =ATy2; ATp1r =ATy2 in this study. Here, we employed three paired

comparisons to test these hypotheses.

For each comparison, if we use significance level (p-value) =0.05 to determine that the means



of a pair of conditions (e.g., AT. and ATy1) are statistically different from each other, we will
have a 5% chance of committing a Type I error when we reject the null hypothesis (Ho:
AT,=AT;1). When conducting three comparisons, the possibility of committing a Type I error
for comparisons can be estimated as 0.05%3. Bonferroni correction was applied in this study to
adjust the p-value to mitigate the increasing type I error when making multiple paired-samples
t-tests (Lee and Lee, 2018; UC Berkely, 2008). We will cite related literature on Bonferroni
correction in the Method section in the revised MS, but the explanation here will not be added

to the revised MS.

(7) Figure 6. When the fraction of afforestation reached (50, 60], why the mixed potential effect
exceeded the full potential effect. It seems strange and no explanation about this phenomenon
was seen. In addition, the significant linear trend can be found for actual effect (as displayed in
Figure 5), but it seems that this significant trend was not found in mixed potential especially

the full potential effect. May the authors give an explanation about this?

As for the first question, we checked the data processing script and found Fig. 6 in the original
manuscript was wrong and will be corrected as Fig. R4. In Fig. R4, when the fraction of
afforestation reached (50, 60], the mixed potential effect is still smaller than the full potential
effect. The relevant description in the Results section of our original manuscript still applies

and will not be changed.

For the second question, ATy and ATy, are grouped into intensity bins not because they have
any relation to the afforestation intensity bins. Conceptually, they represent a complete shift

from openland to forest, so it’s expected they do not show any trend here.

Y

b

_15| = AT,
0 ATy
B ATy,

(0,10] (10, 20] (20, 30] (30, 40] (40, 50] (50, 60] (60, 70]
Fraction of Afforestation (%)

Figure R4. Comparison of AT for the three approaches for bins of afforestation intensity.



(8) The reconciliation was reached when increasing the fraction to 100% for the actual effect.
But why the fraction increase (through linear extrapolation) was only implemented for actual
effect rather than both actual and mixed potential effect. It seems unfair because the author

compared the 100% fraction-based actual effect with not 100% based (mixed) potential effect.

We believe this comment is related to Comment #7. From the concept of ATy and ATy, it does

not make sense to make regression between ATp1 and ATp2 and Fagr.

(9) What is the difference between Figure 8 and Figure A6? Mean values of all grids for Figure
8 and gross values of all grids for Figure A6? Do the cumulative biophysical changes only refer

to delta LE? Because the numbers in Line 586-587 corresponded to delta LE in Figure. A6.

For Figure 8, afforestation-induced changes in surface energy fluxes referred to the flux change
per unit area (W m?), whilst cumulative surface energy effect (foum) in Figure A6 referred the
sum of the flux change (J) from all the samples after considering the forest change area (m?).
More specifically, the cumulative surface energy change (feum) can be calculated from the

equation R1:

foum = it(area; X F) (R1)

where F; is the flux change in per unit area (W m?) for pixel 7, n is the total number of samples,

and area; is the forest change area in pixel i. This part will be added in Supplementary Material.

(10) Uncertainty about the Global Forest Cover dataset should be discussed. References can be

found in recent papers published by Dr. Zeng Zhenzhong.

We assumed the reviewer was most likely referring to the GFC accuracy discussion. Comparing
forest gained area from GFC to forest area statistics reported in Forest Resource Assessment
(FRA), LiDAR detection (Geoscience Laser Altimeter System), and MODIS NDVT time series,
the GFC product demonstrated a global accuracy of greater than 99% (Hansen et al., 2013).
Chen et al. (2020) applied the global land cover validation data from the United States
Geological Survey (USGS) to evaluate the accuracies of the selected land cover datasets while
the correlations between the GFC dataset and the validation data were the highest (0.77). Zeng

et al. (2021) also demonstrated that GFC can achieve an overall accuracy of 98.4% in Southeast



Asia. We will add some description of GFC uncertainty in the Methods section.

(11) The reasons leading to the discrepancies between actual and potential effects were not

considered and discussed thoroughly.

1) Actual effect was calculated using the LST data from two years (target and reference year),

but the potential effect used the LST from the same year (2012 in this study).

2) When computing the actual effect, the control pixels were constant or stable unchanged
forests, however, as for potential effect, the reference pixels were cropland or grassland

pixels.

3) Even though the author adopted the same sample pixels (same locations) for the three
approaches, the inherent afforestation fraction was not consistent because different criteria

were adopted.
Please give a detailed explanation and discussion about the above aspects.

We believe the point (1) and (2) refer to the method difference of “space-and-time” between
“space-for-time”. We will add a detailed description in the Supplementary Material to further
explain the methodological differences to clarify the results of our research are not limited to
fraction differences. While for point (3), we have never claimed that the inherent afforestation
fraction for three methods is consistent, and the specific reasons can be found in our responses
to comment #7. Based on previous research (Li et al., 2016), it could be reasonably suspected
that the differences in estimated land surface cooling by afforestation by different approaches
could be potentially due to the afforestation fraction, but this suspect was only proved until our

current work.
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