
Reviewer 1 

Reviewer’s comment in black (bold), author’s response in non-bold blue text.  

This study uses the CLM5 model over Africa with different atmospheric forcings and 
soil texture inputs and explores their role in estimates of ET, runoff and soil 
moisture. Overall, there is a larger effect from the forcing dataset than from the soil 
texture inputs. 

General comments 

In my view, the paper in its current form requires major revisions before it can be 
considered for publication. The authors should specifically address the following 
limitations: 

• Since the study period is relatively short (two years): how can we know the 
results are generalizable to other years? Would it be an option to extend the 
study period? 

This work investigates  the interaction between uncertain soil properties and the 
temporal resolution of atmospheric forcings at the continental, regional and local 
scale with a focus on the rainfall intensity representation in the land surface model 
input. It therefore suggests that as long as the CLM5 model does not handle 
precipitation differently, extending the study period may not change the current 
outcome. It is also beyond the scope of this study to extend the simulation period 
at this high spatial resolution to a longer period. 

• The study misses an evaluation with reference data of ET, soil moisture, and 
runoff to better appreciate the impact of the work: which forcing, and soil 
texture input combination do the authors recommend the community to use 
in future work? Section 3.3 (local results) could be dropped in favour of this. 

Performing an evaluation with measurement data is beyond the scope of this 
paper as stated in lines 67-69. The aim of the paper is not to select the best model 
settings over Africa or extensively evaluate the model performance, but to 
investigate the impact of certain model inputs (different soil input data versus 
different atmospheric forcings and role of temporal resolution) in a more generic 
sense. However, we present a comparison of our ET, runoff and soil moisture 
estimates with GLDAS-2.1 dataset introduced in L234-242.   

“GLDAS-2.1. The Global Land Data Assimilation System was originally developed 
to assimilate satellite- and ground-based observational data products, using 
advanced land surface modelling and data assimilation techniques, in order to 
generate fields of land surface states and fluxes (Rodell et al., 2004). The GLDAS-
2.1 dataset, which was reprocessed in January 2020, delivers monthly 0.25-
degree data produced by temporal averaging of 3-hourly simulations using the 



Noah Model 3.6 in LIS Version 7. The GLDAS-2.1 simulations were driven by 
NOAA/GDAS atmospheric fields, GPCP V1.3 precipitation data, and AGRMET 
radiation variables from March 2001 onward.  Table 1 summarizes details 
regarding the different meteorological forcing datasets used in this work.” 

The comparison results are presented in Section 3.1 (L336-395). We provide an 
assessment of the agreement between the CLM5-simulated water balance 
components and GLDAS-2.1. 

“3.1. Comparison of simulated water balance components with GLDAS-2.1 
Datasets 

To assess the agreement between the CLM5-simulated water balance 
components and a reference dataset, a comparison was conducted with the 
outputs of GLDAS-2.1. We acknowledge that while the GLDAS-2.1 serves as a 
benchmark for comparison, the extent to which it accurately represents actual 
measurements in relation to CLM5 simulations remains uncertain. 

Evapotranspiration 

The correlation of CLM5 simulated ET with GLDAS (Figure 1) shows a clear spatial 
gradient across Africa. Strong positive correlations above 0.75 as referenced in 
hydrology studies over Africa (Scanlon et al., 2022; Larbi et al., 2020) are mainly 
seen in the equatorial region and parts of Eastern Africa, Southern Africa and 
Madagascar, indicating acceptable model performance in these regions. Northern 
Africa, some parts of Central Africa, and the cape of South Africa tend to show 
moderate to weak positive correlations, with some areas having negative 
correlation (down to around -0.79). The mean correlation values vary between 0.64 
and 0.70, depending on the input of atmospheric forcings and soil properties, 
reflecting relatively moderate agreement with GLDAS across the continent. RMSE 
for ET (Figure S50) displays a concentration of lower errors in the moisture 
deficient Northern and Southern parts of Africa, while the moisture richer Central 
and Eastern regions show higher RMSE values. It is important to note however that 
RMSE scores are magnitude dependent as they increase or decrease with the 
magnitude of evaluated variables. 

Surface Runoff 

Surface runoff correlations (Figure 3) over Africa exhibit wide variability, with very 
high positive correlations (up to 1.0) in Savannah regions of West Africa including 
parts of Namibia, Zambia and Mozambique. There are however areas with low to 
strongly negative correlations, particularly in the Sahara region  including 
countries like Mauritania, Mali, Algeria, Libya, Egypt and Sudan, where correlation 
values are as low as -1.0. This high variability results in an average continental 
correlation in the range of 0.50-0.58. The RMSE for surface runoff over Africa 



(Figure S52) shows minimal errors in water scarce Northern and South-western 
Africa, with the highest RMSE values ranging from 0-11mm/month. Central Africa 
and Western regions show relatively higher RMSE values. The high RMSE values 
suggest substantial discrepancies in surface runoff simulation between CLM5 and 
GLDAS, especially in equatorial areas.” 

Soil Moisture 

Soil moisture correlations with GLDAS (Figure 2) show a slightly different spatial 
pattern compared to ET. The highest correlations (strong positive) are generally 
observed above the equator, top fringes of Southern Africa and Northern 
Madagascar. Strong negative correlations however are found in parts of Sahara 
specifically Mauritania, Mali, Algeria, Egypt and Sudan where certain grid cells 
exhibit correlations as low as -0.79. Overall, the average correlations for soil 
moisture are lower than for ET with a range of 0.56-0.67, indicating less correlation 
across the continent compared to ET. The RMSE for soil moisture (Figure S51) is 
0.05-0.06 cm3/cm3. RMSE is higher in parts of Central Africa like Congo DR, where 
errors peak around 0.26-0.27 cm3/cm3. This RMSE pattern suggests that the CLM5 
simulated soil moisture maintains a relatively stable agreement with GLDAS 
having minimal extreme errors across the continent. 

 

Often small impacts are extensively discussed, but it's not clear whether 
they are significant or not. Statistical tests should be performed to verify 
this. 

Statistical significance tests have been performed and p-values are now indicated 
in the timeseries plots for regional and local analysis. These can be found in 
sections 3.2 and 3.3. In addition, text was reformulated to focus less on small 
impacts. 

• I have methodological concerns about using the "random selection" 
upscaling technique for a single grid cell and then comparing the results with 
other upscaling techniques. Such results are not reproducible, so how 
should they be interpreted? 

Random results are reproducible using “seeding” in programming. Seeding is used 
to initialize the random number generator (RNG) such that it makes a reproducible 
sequence of numbers even on different computers. We specified seeds before 
performing upscaling using the Random method. If we therefore perform upscaling 
using the Random method multiple times, we will have the same outcome.  

In addition, although a random value might locally give quite arbitrary outcomes 
with soil properties which could deviate for that grid cell quite a lot from the mean 
or median value, over many grid cells this is not the case anymore and the 



mean/median are reproduced by the random selection. The advantage of the 
random selection is that the full Probability Density Function (PDF) of soil 
properties at the large scale is better reproduced. This is now also better clarified 
in the paper, see L174-185: 

“(iii) Random selection of a single SoilGrid cell and use of the soil texture values 
for this grid cell for the complete 3km x 3km CLM model grid cell. This method 
which is a novelty of this work, creates a chance for texture outliers to define the 
soil hydraulic parameters. This ensures that over larger regions the Probability 
Density Function (PDF) of soil properties is better reproduced by the model than 
by selecting the dominant soil texture or average soil texture. It differs from other 
upscaling methods as it avoids spatial averaging or smoothing. Although it can 
introduce larger local biases in the soil hydraulic parameters and thus model 
output variables, it is not expected to induce systematic biases at larger scales, as 
local biases for some grid cells will be cancelled out by biases at other grid cells. 
In addition, as soil texture is not averaged or smoothed before processing it 
through the non-linear simulation model, it is expected that also model output 
variables, averaged over larger areas, are unbiased. We also specified a random 
number generator (RNG) seed which makes the randomisation reproducible in 
other machines. “ 

• The Methodology is too detailed in terms of equations that are used by the 
LSM. These equations are only useful if they are referenced to in the text to 
explain or discuss the results, which is currently not the case. 

• Equations have been reduced in the revised manuscript and readers are now 
referred to the articles where the equations are discussed in detail. This is to 
ensure that the main text remains focused on the results, interpretation and 
discussion of the findings, while still providing access to the technical details for 
readers who require them. 

• The Discussion is too descriptive and fails to convincingly explain some of 
the results. 

To ensure better clarity, we have partitioned our discussion into different sections 
(3.5.1 – 3.5.3) and provided further details. The sections include:  

• The role of temporal resolution in rainfall intensity representation (3.5.1) 
• The role of soil texture in water balance components (3.5.2) 
• Implications for land surface modelling and community impact (3.5.3) 

“3.5.1 The role of temporal resolution in rainfall intensity representation 

We investigated whether the higher temporal resolution of simulations influenced 
the rainfall partitioning into surface runoff and infiltration.  The absolute monthly 
(Figures S26 and S27) and annual (Figure S9) precipitation amounts over the 



continent vary only slightly among CRUNCEP, GSWP and WFDE5. The spatial 
averages for annual precipitation are 608mm/year, 638mm/year and 666mm/year 
for CRUNCEP, GSWP and WFDE5 respectively. These differences in rainfall 
amount do not explain why only for WFDE5, soil texture variations result in larger 
runoff and evapotranspiration variations. We analysed also the number of 
precipitation events with a rainfall intensity above 3mm/hour for each of the three 
atmospheric forcings and eight selected locations. We found that WFDE5 had a 
much higher number of precipitation events with rainfall intensity greater than 
3mm/hour than both CRUNCEP and GSWP at all 8 locations (see Table T17) 
indicating a better representation of rainfall intensity. GSWP and CRUNCEP had 
more rainfall events with much lower intensities. This indicates that rainfall 
intensity representation and its impact on the land surface model is a likely reason 
for the higher sensitivity of model outcomes towards soil texture input in WFDE5 
forced simulations than GSWP and CRUNCEP forced simulations.    

3.5.2 The role of soil texture in water balance components 

Rainfall intensity has a stronger influence on surface runoff generation than rainfall 
amount  (e.g., Jungerius & ten Harkel, 1994; Yao et al., 2021) and surface runoff is 
on the other hand also strongly influenced by the hydraulic conductivity with lower 
conductivity supporting higher surface runoff (Suryatmojo & Kosugi, 2021; Ow & 
Chow, 2021; Chandler et al., 2018). Therefore, for WFDE5 forcings there are 
potentially more situations with surface runoff, such that the role of different soil 
properties can come into play. We analysed this for all 8 locations (Figure S53) by 
calculating the standard deviation of the fraction of precipitation turned into 
surface runoff among the 4 soil texture maps, for each atmospheric forcing. For 
the WFDE5 atmospheric forcings, this standard deviation varies between 1.2% of 
rainfall for Daar es Salaam and 10.1% of rainfall in Addis-Ababa while the standard 
deviations are less than 0.4% for both CRUNCEP (6 hourly) and GSWP (3 hourly) 
atmospheric forcings, for all locations. This identified impact of surface runoff 
agrees with Mizuochi et al. (2021) for the ORCHIDEE model and Fersch et al. (2020) 
for the WRF-Hydro model.  This shows that the soil texture information has a 
control on the partitioning of fluxes for higher temporal resolution atmospheric 
forcings (Shuai et al., 2022). Since surface runoff and infiltration are sensitive to 
rainfall intensity (Mertens et al., 2002) and soil texture determines saturated 
hydraulic conductivity and therefore the timing of runoff (Hammond et al., 2019), 
surface runoff and subsurface runoff vary as a function of soil texture inputs in the 
WFDE5 simulations (mainly at the local and regional scales).  

3.5.3 Implications for land surface modelling and community impact 

This work demonstrates the critical role that high-resolution soil texture 
information and higher temporal resolution forcing datasets play in simulating 
water balance components. It highlights the need to use higher resolution soil 



texture information in land surface model simulations to improve the capturing of 
grid and sub-grid scale land surface heterogeneity. It is also necessary to provide 
better pedotransfer functions which link soil texture and soil hydraulic parameters 
which ultimately control infiltration. Higher temporal resolution of atmospheric 
forcing (hourly) in this work has also captured water balance dynamics differently 
from coarse temporal resolution atmospheric forcing which indicate a need for the 
community to further strengthen research to improve temporal resolution of 
atmospheric forcings especially over Africa. There have been advances in 
improving spatial resolution of atmospheric forcings (Funk et al., 2015) but this 
work serves as an indicator that higher temporal resolution atmospheric forcings 
are also needed. The works of Hersbach et al. (2020) and Cucchi et al. (2020) must 
be complemented in producing higher temporal resolution of atmospheric 
forcings. This advancement can eliminate the need for temporal disaggregation of 
precipitation as done in this work. This work showed that soil texture information 
is important in combination with high temporal resolution of atmospheric forcings 
as it impacts the partitioning of rainfall into surface runoff and infiltration. 
Ultimately, land surface models also need to be better tuned to correctly 
reproduce this partitioning, in the context of the higher temporal resolution of 
atmospheric input data and higher spatial resolution of information on soil 
hydraulic properties.” 

Specific comments 

1. The title hints an impact of "temporal model resolution", but this should be 
the resolution of the atmospheric forcing dataset (input for the model). 
Temporal model resolution is always 30 minutes, and its impact was not 
examined. 

Yes, the land surface model temporal resolution is 30 minutes. We have revised 
the title in the revised manuscript version for consistency. The title has been 
changed to “High Resolution Land Surface Modelling over Africa: the role of 
uncertain soil properties in combination with forcing temporal resolution.” 

2. L62-69: Part of this paragraph should go to the Methodology, for example, 
how the dataset was upscaled to the model resolution. 

The paragraph has been moved and explained in detail in section 2.3.  

3. L70: many new acronyms which should be written in full the first time they 
are introduced. 

CRUNCEP (Climatic Research Unit (CRU) and National Centres for Environmental 
Prediction (NCEP)), GSWP (Global Soil Wetness Project) and WFDE5 (Watch 
Forcing Data methodology on ERA 5) are now written in full in the revised version 
of the manuscript.  



4. L83: "the novelty of the work lies in ..."; this is more or less a repetition of line 
58. 

We agree that the two statements look similar but are left untouched as they both 
serve different purposes. The first tells what to expect in the paper, the second 
introduces the novelty of the paper. 

5. L88: the Introduction is finished with raising two main research questions on 
which the authors want to find the answer. I expect to explicitly find an 
answer to question 1 and question 2 somewhere in the Discussion or 
(preferably) the Conclusions. 

Answers to the research questions are now explicitly stated as the most 
important findings in the study in the conclusion of the revised version of the 
manuscript (740-761). 

„1. Community Land Model version 5 (CLM5) model runs over the African 
continent were performed at a high spatial resolution of approximately 3km, with 
four different soil texture maps and three different atmospheric forcings. The four 
different soil texture inputs included the FAO soil map and three differently 
upscaled SoilGrids250 maps. The three different atmospheric forcings were 
CRUNCEPv7, GSWP3 and WFDE5.  The most important findings were: Average 
evapotranspiration and surface runoff simulated by CLM5 over the African 
continent show a limited sensitivity to variations in the soil texture input. The 
source of soil texture information (FAO versus SoilGrids) results only in minor 
variations in the continental average ET or surface runoff (0.3% variations around 
mean), and the impact of different upscaling approaches of soil texture 
information is even smaller. This sensitivity to soil texture input is much smaller 
than the sensitivity to the different atmospheric forcings (3% variations for mean 
ET and 26% for surface runoff). Average subsurface runoff and average soil 
moisture at the continental scale are both as sensitive to variations in atmospheric 
forcings as to variations in soil texture information.  

2. Although average surface runoff at the continental scale shows a limited 
sensitivity to soil texture input, at the regional and, especially, the local scale this 
sensitivity is much higher, but mainly in combination with the higher temporal 
resolution of WFDE5 forcings (hourly). The higher temporal resolution of WFDE5 
forcings (hourly) than the other atmospheric forcings resulted not only in larger 
variations in simulated surface runoff, but also ET and subsurface runoff for the 
different soil texture maps. This points to the fact that the impact of soil texture 
becomes more important in combination with higher temporal resolution of 
atmospheric forcings. We explain this with the impact of the temporal resolution 
of atmospheric forcings on the rainfall intensity and the partitioning of rainfall into 
surface runoff, which is also determined by the hydraulic conductivity of the soil. 



This, in turn, affects also the amount of water available for evapotranspiration and 
drainage.” 

L94: Add a citation to CLM5.0. Additionally, be consistent in the use of 
CLM5.0 and CLM5: both are currently found throughout the text. 

CLM5.0 (Community Land Model version 5.0) has been written in full in L64 and 
thereafter referred to as CLM5. All other uses of “CLM5.0” within the text are now 
changed to CLM5 in the revised version. 

6. L101: "CLM5.0 therefore has features of great interest for land surface 
modelling over Africa at a high resolution". Why specifically Africa? 

The statement has been changed to (L94-L96): “Considering Africa’s land surface 
heterogeneity, CLM5 has features of great interest for land surface modelling over 
Africa at a high spatial resolution.”  

7. L106: Acronym for CLM5 should be written out in full the first time it is used 
(in the Introduction). 

This has been addressed in our response to comment 5. 

8. L107: Change "The total porosity is given by" to "The total porosity for level i 
is given by". 

Readers are now referred to the articles containing the equations for more 
details. 

9. L117:  Citation for the Brooks and Corey model? What is the physical 
interpretation of "the exponent B"? 

The citation for the Brooks and Corey model has been included (L104-109) and 
readers are now referred to the articles containing the equations for more details. 

10. Overall, the introduction has too many equations which are not referenced 
anywhere in the text. So it is not clear what their added value is. Either they 
should be used in the Discussion to support in explaining the observed 
results, or they should be replaced by a citation of the CLM5 paper in which 
they can probably also be found? 

Many of the equations have now been replaced by a citation of the CLM5 paper 
and technical note. 

11. L162: Add that the time step Δt is expressed in seconds. 

This is now done in L124. Readers are alsoreferred to the article containing the 
equations for more details. 

12. L167: What is the native resolution of IGBP-DIS? Is it 3km? If not, why is only 
SoilGrids250m upscaled? 



The IGBP-DIS soil texture information is 8km resolution. This was internally 
downscaled by CLM5. This is now mentioned in L140-143 of the revised 
manuscript. 

13. L170: "The 10 upper CLM5 soil layers": how many are there in total? This type 
of information on the model should be in section 2.1, rather than the 
equations which are currently there. 

There are 20 active soil layers in CLM5 (8.6m deep). In this work we are 
concerned with the top 2m. This is now stated in L142-144. “The soil texture 
dataset which is at approximately 8km resolution provides information for the top 
10 CLM5 soil layers: at 0.0175, 0.0451, 0.0906, 0.1656, 0.2892, 0.493, 0.829, 
1.3829, 2.2962 and 3.4332 meter depth.” 

 14. L181-182: Too detailed and not relevant for this study. 

The sentence has been deleted. 

15. L200: Is method (iii) the novelty of this paper? If yes, it should be mentioned 
explicitly and motivated (why is a third new method necessary if two other 
already exist). If no, a citation to another study using this approach is missing. 

Yes, the “Random upscaling” method is a novelty of this paper as it is yet to be 
documented. In the revised manuscript, Lines 175-185 contains: 

” This method which is a novelty of this work, creates a chance for texture outliers 
to define the soil hydraulic parameters. This ensures that over larger regions the 
Probability Density Function (PDF) of soil properties is better reproduced by the 
model than by selecting the dominant soil texture or average soil texture. It differs 
from other upscaling methods as it avoids spatial averaging or smoothing. 
Although it can introduce larger local biases in the soil hydraulic parameters and 
thus model output variables, it is not expected to induce systematic biases at 
larger scales, as local biases for some grid cells will be cancelled out by biases at 
other grid cells. In addition, as soil texture is not averaged or smoothed before 
processing it through the non-linear simulation model, it is expected that also 
model output variables, averaged over larger areas, are unbiased. We also 
specified a random number generator (RNG) seed which makes the randomisation 
reproducible in other machines.” 

14. Table 1: the longitudinal extent is not relevant for this study: all three are 
global and thus cover the study domain. 

The longitudinal extent has been removed in the revised version. 

15. L256: "A spatially varying soil thickness dataset": which one? 



The spatially varying soil thickness dataset is new in CLM5. It replaces an 
assumed soil thickness of 2m present in earlier versions of the CLM. The 
reference to the dataset has been provided in L258-259. 

16. L270: "the hourly WFDE5 forcings were also aggregated to 3 hours and used 
in new simulations". Perhaps this should go to section 2.4. Why not 6h, so all 
three forcings are comparable? 

We have now made new simulations including aggregation of WFDE5 forcing to 6 
hours as well. This makes WFDE5 not just comparable to GSWP which is 3hourly 
but with CRUNCEP as well which is 6 hourly. 

The revised manuscript has now been adjusted from L286-291. 

“To further substantiate the role of soil texture input to CLM5, a new set of 
simulations was conducted. To ensure comparability with CRUNCEP (6 hourly) 
and GSWP (3 hourly), the hourly WFDE5 forcings were aggregated to 6 hours and 3 
hours, respectively. The model was then run with the soil texture information. This 
was conducted to identify discrepancies between the simulation outcomes of 
WFDE5 at hourly, 3-hour and 6-hour temporal resolutions. Furthermore, a 
comparison was made with the results obtained by CRUNCEP and GSWP. The 
results were also analysed at the monthly level, in addition to the regional and local 
time series.” 

The results are now contained in section 3.4.3 from L650-671. 

17. L276: "A simulated variable for a certain atmospheric forcings- soil texture 
map combination at a given time step is denoted by M1(t), M2(t), M3(t) and 
M4(t)." Don't you have 12 different of such combinations? Or do you mean 
that you have 4 such combinations for each atmospheric forcing? Please be 
more specific in the definition. Also, define t as the time step. 

Yes, we have a combination of the 4 soil texture map outputs for each 
atmospheric forcing.  

The statement has been revised in L295-302 to read: 

 “The average margin for a simulated variable for a certain atmospheric 
forcing/soil texture map combination at a given time step is denoted by M1(t), 
M2(t), M3(t) and M4(t).”  

L302 now contains: 

“where T represents the total number of time steps in the time series and t 
denotes time step.” 

18. L290: ET is evapotranspiration, not evaporation. 

L399 now states “3.2.1 Evapotranspiration” in the revised version. 



19. L298: "marginally" implies that you performed a statistical test. One should 
actually be performed to assess the significance of the differences in 
mean/max ET (and other variables), depending on the texture, forcing and 
their interaction. 

Significance testing has now been performed using ANOVA tests introduced in  
(L303-315).  

“A one-way analysis of variance (ANOVA) was conducted to ascertain whether the 
outputs of the four soil maps for each atmospheric forcing group exhibited 
significant variation. Firstly, the mean of the four soil map outputs was calculated, 
and the deviation of each map's output from the mean was obtained. The resulting 
deviations were subsequently expressed as percentages relative to the mean 
output, thus providing a normalised measure of the deviation for each soil map, 
which could then be compared with results for other atmospheric forcings. The 
data were subsequently transformed into a long format suitable for ANOVA, in 
which the percentage deviations for each soil map were compared. The dependent 
variables were the obtained percentage deviations, while the independent 
variables were the categorical variable defining the compared groups (FAO, 
dominant, mean and random). Subsequently, an analysis of variance (ANOVA) was 
conducted to ascertain whether there were statistically significant discrepancies 
between the models' percentage deviations. The results of the ANOVA analysis 
yielded a p-value statistic, which was used to determine the significance of the 
observed variations in soil texture map outputs at the 95% confidence interval. For 
further details on the ANOVA framework, we direct the reader to the works of Fisher 
(1925) and Brandt (2014). ” 

Also, the word “marginally” has been changed to “slightly” in L407. 

20. L330-332: again, the statements made here require hypothesis testing.  

The word “significantly” in the old  sentence has been changed to “substantial” in 
L441 in a new sentence in the revised version. Information on significance tests is 
now available in all regional and local time series plots. 

21. L335: WFDE5 are not hourly because they have been aggregated to 3h (L270)? 

This has been properly clarified on L286-292. 

“To further substantiate the role of soil texture input to CLM5, a new set of 
simulations was conducted. To ensure comparability with CRUNCEP (6 hourly) 
and GSWP (3 hourly), the hourly WFDE5 forcings were aggregated to 6 hours and 3 
hours, respectively. The model was then run with the soil texture information. This 
was conducted to identify discrepancies between the simulation outcomes of 
WFDE5 at hourly, 3-hour and 6-hour temporal resolutions. Furthermore, a 
comparison was made with the results obtained by CRUNCEP and GSWP. The 



results were also analysed at the monthly level, in addition to the regional and local 
time series.” 

22. L337: "The increased surface runoff in the WFDE5 forced simulations 
reduces the availability of water for ET processes"; can this claim be made 
with certainty if it also rains more, so more water is coming in (cfr. Fig. 2)? 

The statement  has been changed in L443-444 to: 

 "The increased surface runoff in the WFDE5 forced simulations reduces the 
availability of water for ET processes especially during sheet flow.” 

23. L339: "A higher temporal resolution of the atmospheric forcings as for WFDE5 
will result in higher peaks of precipitation intensity, whereas a coarser 
resolution of 6 hours like for CRUNCEP will average out intensive 
precipitation over longer time periods with less high peaks in precipitation 
intensity"; but wasn't this effect to be mitigated by aggregating the hourly 
dataset (L270)? 

This effect was mitigated in the validation set-up where WFDE5 was aggregated to 
3 hourly and 6 hourly. But in the initial run, which first indicated the finding, the 
statement holds. This has been clarified on L286-292: 

 
“To further substantiate the role of soil texture input to CLM5, a new set of 
simulations was conducted. To ensure comparability with CRUNCEP (6 hourly) 
and GSWP (3 hourly), the hourly WFDE5 forcings were aggregated to 6 hours and 3 
hours, respectively. The model was then run with the soil texture information. This 
was conducted to identify discrepancies between the simulation outcomes of 
WFDE5 at hourly, 3-hour and 6-hour temporal resolutions. Furthermore, a 
comparison was made with the results obtained by CRUNCEP and GSWP. The 
results were also analysed at the monthly level, in addition to the regional and local 
time series” 

24. L353: "significantly influenced": be careful using this word. 

The statement “The estimation of subsurface runoff is more significantly 
influenced by soil texture variations and the upscaling of soil texture properties 
compared to ET and surface runoff simulations.” has been changed in L459-460 to: 

 “The estimation of subsurface runoff is more influenced by soil texture variations 
and the upscaling of soil texture properties compared to ET and surface runoff 
simulations.” 

25. L355: "The most substantial differences in simulated subsurface runoff are 
observed between the FAO soil map the SoilGrids250m maps"; actually the 
forcings still result in the largest differences. 



We have changed this sentence to (L461-L463):  

“The most substantial differences in simulated subsurface runoff among soil 
texture inputs are observed between the FAO soil map and the SoilGrids250m 
maps, while the disparities among the upscaled SoilGrids250m maps are smaller 
especially with GSWP and CRUNCEP forcings”  

26. L364: Fig. 4 should be referenced to at the start of the section. 

This has been changed as suggested.  

27. L371: It's confusing to talk about ET in the section on runoff, save this for the 
Discussion. 

We have removed the sentence. 

28. L382: "weighted average": how are the weights defined? Perhaps this is 
something to be described in the Methodology. 

The weights are defined according to the thickness of each soil layer. In L267, the 
sentence “For continental scale results, yearly sum of evapotranspiration (ET), 
surface runoff, and subsurface runoff were computed as well as seasonal mean 
soil moisture contents.” has been changed to (L282-L285):  

“For continental scale results, annual mean of evapotranspiration (ET), surface 
runoff, and subsurface runoff were computed as well as the seasonal mean of the 
weighted average of the top 2 meters soil moisture content. The weights for 
calculating weighted average of soil moisture content were defined according to 
the thickness of each soil layer in CLM5 .” 

29. L394: This statement doesn't hold for the mean: similar effect when varying 
the forcing and the texture. 

The statement has been changed (L503-504):  

“Like for ET and surface runoff, varying the atmospheric forcing impacted 
continental maximum of soil moisture content more than variations in soil texture 
input.”  

30. Figure 5:  

o Would it make sense to also look at min soil moisture, next to mean 
and max? 

Minimum values are now displayed in the updated difference maps 
(Figures S2-S5). 

o Units of the colorbar are mm³/mm³, while elsewhere in the text 
cm³/cm³ is used. Be consistent. Also, consider using more sensible 
intervals for the colorbar ticks. 



Colorbar units for soil moisture are now harmonised to cm3/cm3  and 
intervals made more relatable to have binned colour classes in the new 
plots. 

o Perhaps one could keep the first column as is, and the other columns 
could show the difference w.r.t. the first column? Now all 12 maps 
look identical and it's hard to see where the differences are. 

This has been done as suggested by the reviewer. New difference maps 
have been made and referred to in the revised manuscript (Figures S2-S5). 

 

31. Section 3.2: Consider moving the definitions of the regions to the 
Methodology. 

The definition of regions has now been moved to section 2.6. 

32. L410: Motivate the choice for Sahara and Central Africa (dry and wet region?). 

Yes. The choice of the Sahara and Central Africa are based on their moisture 
availability contrast. Line 515 now contains “We present results for two regions 
(Sahara and Central Africa) based on their moisture availability contrast.” 

33. L417: This statement is true on average (it may well exceed this in certain 
pixels). 

The statement  has been changed to (L517): 

 “The Sahara region is generally on average the most moisture deficient region in 
Africa.”  

34. Figure 7:  

o "Soil water content", "soil moisture content", "soil moisture" are all 
used interchangeably. Be consistent. 

We now adhere to using soil moisture content in the revised version. 

o Dominant and Random are very similar, as can be expected. The first 
one has already been used in literature. Please motivate (in the 
Methodology) the advantage of Random to justify it as a new 
technique (e.g., are there computational gains?). Also: which one is 
best? Why was no evaluation performed? There are many global grid-
based ET products available that can serve as reference. 

The choice of random upscaling has now been motivated in the methodology, 
L175-185.  



“Random selection of a single SoilGrid cell and use of the soil texture values 
for this grid cell for the complete 3km x 3km CLM model grid cell. This method 
which is a novelty of this work, creates a chance for texture outliers to define 
the soil hydraulic parameters. This ensures that over larger regions the 
Probability Density Function (PDF) of soil properties is better reproduced by the 
model than by selecting the dominant soil texture or average soil texture. It 
differs from other upscaling methods as it avoids spatial averaging or 
smoothing. Although it can introduce larger local biases in the soil hydraulic 
parameters and thus model output variables, it is not expected to induce 
systematic biases at larger scales, as local biases for some grid cells will be 
cancelled out by biases at other grid cells. In addition, as soil texture is not 
averaged or smoothed before processing it through the non-linear simulation 
model, it is expected that also model output variables, averaged over larger 
areas, are unbiased. We also specified a random number generator (RNG) seed 
which makes the randomisation reproducible in other machines.” 

The full comparison results using correlation and RMSE metrics for ET, 
Surface runoff and Soil moisture content are provided in section 3.1 on L336-
379. 

35. L430: Why is the long name for ET suddenly introduced here? 

This has been corrected in the revised version. 

36. L434: "Subsurface runoff shows a decreasing trend, which is attributed to 
initially higher groundwater levels"; was it already decreasing during the 
spinup? In this case, the spinup time of 1 year may not have been sufficient. 
What spinup times are used in similar studies? 

This comment by the reviewer is addressed in the modified text on lines 267-279 
of the paper: 

“Simulation period was from the 1st of January 2011 to the 31st of December 2014 
and results for the first two years were discarded (spin up years). Earlier works over 
the Southern Africa region including Crétat et al. (2012),  Ratna et al. (2014) and 
Zhang et al. (2023) have employed 6 months or less spin-up time using different 
land surface models while Zheng et al. (2017) employed 1 year for spin-up with a 
predecessor of CLM5 over the Tibetan Plateau. We compared the simulated water 
balance components in this work with water balance components 
(evapotranspiration, surface runoff and soil water content) from a fresh simulation 
which had 11-years of spin up time and the results do not alter our initial 
conclusion in this study (S54-S56). Moreover, we evaluated the adequacy of the 
reference period employed in this study. The continental annual average of the 
deepest soil moisture layer was calculated, a trend line was fixed, and the 
statistical significance was calculated to determine whether the slope of the trend 



differed significantly from zero. The resulting p-value of 0.353 indicated that the 
trend in soil moisture over the three-year period was not statistically significant 
different from zero based on a 95% confidence interval (S57), suggesting that 
extending the study period will not alter the current outcome.” 

37. L443: Again, I am confused that WFDE5 would have an hourly temporal 
resolution while it is states in the Methodology that it was aggregated to 3h. 

WFDE5 has hourly temporal resolution in the initial run but 3 hourly and 6 hourly 
only in the validation run. It is now addressed in L286-292. 

“To further substantiate the role of soil texture input to CLM5, a new set of 
simulations was conducted. To ensure comparability with CRUNCEP (6 hourly) 
and GSWP (3 hourly), the hourly WFDE5 forcings were aggregated to 6 hours and 3 
hours, respectively. The model was then run with the soil texture information. This 
was conducted to identify discrepancies between the simulation outcomes of 
WFDE5 at hourly, 3-hour and 6-hour temporal resolutions. Furthermore, a 
comparison was made with the results obtained by CRUNCEP and GSWP. The 
results were also analysed at the monthly level, in addition to the regional and local 
time series.” 

Figure 8: can we conclude from this that one shouldn't use mean soil texture 
properties, as it is the only one deviating from all others? Of course, this 
claim would be stronger if an external product were used for validation. 

A comparison has been made between the CLM5 simulated water balance 
components and the GLDAS-2.1 datasets. However, it must be acknowledged 
that the extent to which the GLDAS-2.1 dataset accurately represents reality 
remains uncertain. 

This is indicated in L337-339: 

“To assess the agreement between the CLM5-simulated water balance 
components and a reference dataset, a comparison was conducted with the 
outputs of GLDAS-2.1. We acknowledge that while the GLDAS-2.1 serves as a 
benchmark for comparison, the extent to which it accurately represents actual 
conditions in relation to CLM5 simulations remains uncertain.” 

For this reason, we cannot rank one soil texture information over another. 
Moreso, this work priortises detecting the sensitivity of CLM5 to varying soil 
texture information over evaluation of datasets used in the study. 

38. L465: "... variations in ET values across different soil texture maps", not really: 
only a single one shows a variation (and this is probably also the limitation of 
your average margin metric, which isn't able to identify this "outlier"). The 
following paragraph fails to mention or discuss this fact. 



The statement has been changed in L566-567 of the revised version to:  

“Once again, we observe that only the WFDE5 atmospheric forcings exhibit a 
variation (not significant) in ET values across different soil texture maps, as shown 
in Figure 9."   

This is to show that only a single forcing shows a visible variation. 

39. L481: "We selected one location for each of the eight climate regions"; only 
two are in the main text. 

The text has been changed in L583-588. 

” We selected one location for each of the eight climate regions: Cairo (Egypt, 
Mediterranean), Agadez (Niger, Sahara), Abuja (Nigeria, West Africa), Addis-Ababa 
(Ethiopia, North-East Africa), Salong (DR Congo, Central Africa), Daar-es-Salaam 
(Tanzania, Central-East Africa), Windhoek (Namibia, South-West Africa) and 
Maseru (Lesotho, South-East Africa). Two of the eight locations are discussed due 
to their contrasting moisture availability while other locations are available in the 
supplementary materials.”  

40. L490-492: Add a paragraph on the crop model/irrigation model in CLM5 to the 
Methodology. 

A brief description of the irrigation model of CLM5 has been added to section 2.1 
under CLM5 in L127-134. 

“Irrigation in CLM5 separates irrigated and rainfed crops by assigning them to 
separate soil columns. Irrigation is applied daily at 6am based on the difference 
between soil moisture content and target soil moisture taking also the crop leaf 
area index into account. Irrigation decisions are guided by datasets detailing areas 
equipped for irrigation according to Portmann et al. (2010). To constrain CLM5 
irrigation, irrigation water is sourced from river storage, with provisions for 
supplements from ocean reserves. Alternatively, in severe cases of water scarcity, 
irrigation demand is dynamically adjusted to conserve river water levels. The 
applied irrigation in CLM5 is hard coded to bypass canopy interception, meaning it 
is added directly to the ground surface. More details can be found in Lawrence et 
al. (2018).” 

41. L494-495: Not clear from the Figure. 

This description has been removed. 

42. L499: "While slight variations in surface runoff are found ..."; again, be more 
specific which soil texture maps differ, since they don't all differ from one 
another! 

The sentence has been changed in L603-L605: 



“Model simulations driven by CRUNCEP or GSWP show no variation in surface 
runoff as function of the soil texture map, while slight but insignificant variations in 
surface runoff are found for WFDE5”.  

43. aFigure 9:  

o Panel "S.Runoff-WFDE5": is the Mean on top of the other textures, or 
the Rand? 

Yes, Rand is on top of FAO while Mean is on top of Dominant. This is further 
clarified in Figure S37 and Table T10 with average margin calculation. 

o What is the FAO/Dom soil texture type for this grid cell? 

Sandy loam.  

L591-592 now contains the sentence: 

“The grid cell in focus is also dominated by sandy and loamy soils according 
to all 4 soil texture maps.” 

o The Rand soil texture may be very different when the experiment is 
performed again, no? Since this is only a single pixel. Hence, the study 
is actually not reproducible in this sense. Also see Fig. 10: here Rand 
just happens to coincide with Dom in terms of soil texture class, so 
the lines overlap. But run the experiment again and the results may be 
completely different. I suggest performing "Rand" several times and 
reporting an ensemble average to resolve this issue.  

Running these experiments multiple times in a Monte Carlo fashion is not 
feasible given the required compute time for the high spatial resolution 
model runs over Africa. Instead, the focus of this work is to identify and not 
to quantify the sensitivity of uncertain soil properties to high temporal 
resolution of atmospheric forcings. Also, our comparison with an external 
dataset is a continental assessment mostly based on continental average.  
This reduces reliance on grid cell specific evaluation.  

44. L519-529: Same remark as earlier: the difference in soil texture maps is 
always just cause by Mean vs. all the rest. 

Our continental comparison with GLDAS-2.1 shows that CLM5 is sensitive to soil 
texture information variation. We refer the reviewer to the comparison results in 
section 3.1 

45. Table 3: Not clear what is presented here: difference between which two 
things? Units? 

After aggregating WFDE5 to 3 hourly and 6 hourly,  we performed extra simulations 
and calculated average margin of ET, surface runoff, subsurface runoff and soil 



moisture. The table shows that CRUNCEP, GSWP,  WFDE5 which was aggregated 
to both 3 hours and 6 hours (3 hourly) had narrower margins, while WFDE5 (hourly) 
had wider margins.  

This is further explained in L660-667: 

“Table 3 shows the impact of varying soil texture map inputs on different water 
balance component for West Africa. Simulated variables show much less variation 
as function of soil texture map input for CRUNCEP, GSWP, 6-hourly aggregated 
WFDE5 forcings and 3-hourly aggregated WFDE5 forcings compared to 1-hourly 
WFDE5 forcings. Similar results are found for Abuja (Table 4), where CRUNCEP, 
GSWP, 6H-WFDE5 and 3H-WFDE5 forcings produce variations between 0.02 and 
2.0 mm/month in ET, surface runoff and subsurface runoff as function of the soil 
texture map, while WFDE5 produces variations between 7.4 and 9.9 mm/month 
among soil texture maps.  A similar observation was also made for other regions 
(Tables S1, S2, S4, S5, S6, S7 and S8) and locations (grid cells) (Tables S9, S10, S11, 
S12, S13, S14, S15 and S16).” 

Table 5:  

o How come the SGMean column has a specific soil texture class? I 
thought this approach created a "new" class with averaged soil 
metrics. 

The averaging was performed at the level of the clay and sand fractions 
which are in percentages. The average clay, sand and silt percentages were 
used to determine the soil texture class according to the USDA triangle. So, 
the texture classes are still within the USDA soil texture classes. 

o Is referenced nowhere in the text. Please use it to discuss for example 
the bottom row of Fig. 9. Overall, the Discussion describes the figures 
and results too much, rather than explaining what we see in them (and 
why!). 

Table T17 is now referenced in L701-708 to describe the role of temporal 
resolution in rainfall intensity representation. The explanation of bottom 
row of former Figure 9 (Agadez) can now be found in L604-608 

“Although the texture class for Dom and Mean is Loamy Sand (LS) and for 
FAO and Rand Sandy Loam (SL) for the grid cell under concern (Table T17), 
statistically significant differences in soil water content are observed 
among the four soil texture maps. These differences arise because, 
although the soil texture classes are similar, the proportions of clay, sand, 
and silt vary among the four maps, resulting in different hydraulic 
conductivities.” 
 



Former Table 5 however is now moved to supplementary materials (T17). 

46. Conclusion: misses outlook discussing how future research can benefit from 
the results of the study. 

We now discussed the implications of our study to the land surface 
modelling community in section 3.5.3. 

“This work demonstrates the critical role that high-resolution soil texture 
information and higher temporal resolution forcing datasets play in 
simulating water balance components. It highlights the need to use higher 
resolution soil texture information in land surface model simulations to 
improve the capturing of grid and sub-grid scale land surface heterogeneity. 
It is also necessary to provide better pedotransfer functions which link soil 
texture and soil hydraulic parameters which ultimately control infiltration. 
Higher temporal resolution of atmospheric forcing (hourly) in this work has 
also captured water balance dynamics differently from coarse temporal 
resolution atmospheric forcing which indicate a need for the community to 
further strengthen research to improve temporal resolution of atmospheric 
forcings especially over Africa. There have been advances in improving 
spatial resolution of atmospheric forcings (Funk et al., 2015) but this work 
serves as an indicator that higher temporal resolution atmospheric forcings 
are also needed. The works of (Hersbach et al., 2020) and (Cucchi et al., 
2020) must be complemented in producing higher temporal resolution of 
atmospheric forcings. This advancement can eliminate the need for 
temporal disaggregation of precipitation as done in this work. This work 
showed that soil texture information is important in combination with high 
temporal resolution of atmospheric forcings as it impacts the division of 
rainfall into surface runoff and infiltration. Ultimately, land surface models 
also need to be better tuned to correctly reproduce this division, in the 
context of the higher temporal resolution of atmospheric input data and 
higher spatial resolution of information on soil hydraulic properties. 

” 

L748-753 of our conclusion also provides an outlook: 

“This study therefore recommends further advances in the provision of both 
higher temporal resolution climate datasets and higher spatial resolution 
soil information over Africa. With higher spatial resolution soil information, 
sub-grid scale land surface heterogeneity will be handled with more 
accuracy. Also, higher temporal resolution climate datasets at less than 1-
hour timesteps will not only eliminate the need for temporal disaggregation 
in land surface model applications but ensure that more accurate 



atmospheric variables are supplied to the land surface model at each time 
steps which is often 30 minutes.  

This study also highlights a specific implication for the tuning of surface 
runoff for land surface models in two ways. Firstly, higher spatial resolution 
soil texture data directly determine the hydraulic conductivity and water 
retention properties of soils at finer spatial scales, allowing more accurate 
estimation of runoff and subsequently other water balance components at 
each grid cell. Second, higher temporal resolution atmospheric forcing 
captures high-intensity rainfall events that can produce more surface runoff 
in a short period of time, especially on soils with low hydraulic conductivity, 
leading to a more accurate estimate of surface runoff at each affected grid 
cell for each model time step.” 

Technical corrections 

• L55: "0.5o" instead of "0.5°" 

• L162: "kg/m²s" instead of "kg/(m²s)" 

Both adjustments have been made in the revised version of the manuscript. 

 

  



Reviewer 2 comments in black, author responses in blue. 

Review Comments (egusphere-2023-3132)  

Oloruntoba et al. analysed how various soil data and forcings impact CLM5 water-related 
variable simulations across Africa. This work could be valuable in guiding future 
simulations. However, the paper is not well-written. Below, I list some of my comments 
for improvement.  

1. The title is confusing. What do you mean by "temporal model resolution"? It needs to 
be modified. It does not reflect the important points mentioned in your abstract about 
different soil textures and forcing sources, which are crucial to your paper.  

The title has now been changed to “High Resolution Land Surface Modelling over 
Africa: the role of uncertain soil properties in combination with forcing temporal 
resolution.” in the revised version. 

2. The abstract is not well organized. From your summary of your experiments (4 soil 
textures and 3 forcings), readers might expect results on how soil impacts the 
simulations and how different forcings affect the simulations. However, the abstract 
does not mention how different forcings affect your simulations, i.e., the IV point in 
your conclusion section. Thus, I think the abstract is not well organized.  

We wanted to focus the abstract on the main novel results, which in our opinion are 
more related to the combination of simulations with different soil input data and the 
temporal resolution of the atmospheric forcing input. We still think that this needs to 
be the focus, but we have now added additional lines to show the impact of different 
atmospheric forcings as well (L19-L20): 

“We found that varying the atmospheric forcing influenced simulated states and 
fluxes by CLM5 much more than changing soil information.”  

 

3. The introduction should be reorganized or rewritten. Many paragraphs in the 
introduction belong in the method section. For example, paragraphs 4 through 6, 
about specific soil data, forcing, and experiment design, respectively, should be 
mentioned in the methodology section. Therefore, the introduction should be more 
thoughtful and include more logical content with citations. As you have written the 
method in the introduction section, it makes some information in the method section 
somewhat fragmented; for example, L275 mentions “The four (4) soil texture maps”, 
which originally comes from L81 of the introduction.  

Paragraphs 4 and 5 are now removed from the introduction. The old paragraph 4 is now 
included into section 2.2 (L136-161) and paragraph 5 into section 2.4 (L187-246). 
Paragraph 6 (L70-78) is however left in the introduction as an overview of activities 
performed in this study. 



Line 272:” The four (4) soil texture maps were considered each providing a unique 
output at every timestep.” was also retained as it is part of the methodology for 
calculating average margin. 

We believe that these adjustments make the introduction more logical and cohesive 
especially with the movements of paragraph 4 and 5 to the methodology section. Here 
are specific details: 

Paragraph reorganisation: The original introduction’s paragraphs 4 and 5, which 
discussed specific soil data, meteorological forcings, and experiment design, were 
transferred to the methodology section. This modification has resulted in a reduction 
of the new introduction's methodological detail. 

Structure and Focus: The revised introduction now places more emphasis on the 
study's motivation and the broader challenges inherent to land surface modelling 
across the African continent. It begins with an explanation of existing challenges 
related to the heterogeneity and uncertainties of soil properties and atmospheric 
forcings and how these impact model performance. This context then transitions to 
the study’s purpose, emphasizing the knowledge gaps that the research aims to 
address. 

Logical Flow and Citations: The revised introduction follows a logical progression, 
with citations that provide detailed discussion of the concepts introduced. Each 
paragraph builds on the previous one to deepen the reader's understanding of the 
study's motivation. Key concepts, such as the influence of soil and atmospheric data 
on land surface modeling accuracy, are introduced alongside relevant literature to 
substantiate the discussion. It no longer includes specific experimental designs, 
which are more appropriately addressed in the methods section. 

In L265, please clarify if one year of spin-up is enough. Running the entire domain for 
a long time may be challenging, but you need to check if one year is sufficient. I 
suggest picking several typical grid cells with typical plant functional types and/or soil 
textures, to test if the one-year spin-up is enough for your analysed variables (ET, 
runoff) to become stable enough to show the difference between your 12 different 
experiments. That is to say, can your conclusion made here represent results if run the 
simulations for 30 years?  

The comment about sufficiency of spin-up time is addressed in the revised 
manuscript on lines 268-279: 
 
“Earlier works over the Southern Africa region including Crétat et al. (2012),  Ratna et 
al. (2014) and Zhang et al. (2023) have employed 6 months or less spin-up times using 
different land surface models while Zheng et al. (2017) employed 1 year for spin-up 
with a predecessor of CLM5 over the Tibetan Plateau. We compared the simulated 
water balance components in this work with water balance components 



(evapotranspiration, surface runoff and soil water content) from a fresh simulation 
which had 11-years of spin up time and the results do not alter our initial conclusion 
in this study (S54-S56). Moreover, we evaluated the adequacy of the reference period 
employed in this study. The continental annual average of the deepest soil moisture 
layer was calculated, a trend line was fixed, and the statistical significance was 
calculated to determine whether the slope of the trend differed significantly from zero. 
The resulting p-value of 0.353 indicated that the trend in soil moisture over the three-
year period was not statistically significant based on a 95% confidence interval (S57), 
suggesting that extending the study period will not alter the current outcome.” 
In light of the aforementioned considerations, we conclude that the spin-up period 
was sufficient for ET and runoff to reach a stable state. Furthermore, we believe that 
the period under review was sufficient for the purposes of this study.  
 

4. For the different soil texture upscale data, is it common in our community to 
"randomly select a single SoilGrid cell"? If so, please provide some references; if not, 
why do you want to test it here if few uses it in the community?  

Our motivation for the use of random upscaling is now stated in the revised 
manuscript on lines 174-185: 

(i) “Random selection of a single SoilGrid cell and use of the soil texture values 
for this grid cell for the complete 3km x 3km CLM model grid cell. This method 
which is a novelty of this work, creates a chance for texture outliers to define 
the soil hydraulic parameters. This ensures that over larger regions the 
Probability Density Function (PDF) of soil properties is better reproduced by the 
model than by selecting the dominant soil texture or average soil texture. It 
differs from other upscaling methods as it avoids spatial averaging or 
smoothing. Although it can introduce larger local biases in the soil hydraulic 
parameters and thus model output variables, it is not expected to induce 
systematic biases at larger scales, as local biases for some grid cells will be 
cancelled out by biases at other grid cells. In addition, as soil texture is not 
averaged or smoothed before processing it through the non-linear simulation 
model, it is expected that also model output variables, averaged over larger 
areas, are unbiased. We also specified a random number generator (RNG) seed 
which makes the randomisation reproducible in other machines. ” 

 

5.  L274. Is the metric termed “average margin” developed by you? If not, you need to add 
proper citations.  

Yes, it was suggested here. We have also described it in L295-302: 

“A metric termed “average margin” was introduced to quantify the impact of the 
temporal resolution of the atmospheric forcings in combination with soil texture map 



variation. The four (4) soil texture maps were considered each providing a unique 
output at every timestep within the time series. The average margin for a simulated 
variable for a certain atmospheric forcing/soil texture map combination at a given time 
step is denoted by M1(t), M2(t), M3(t) and M4(t). The difference in the maximum and 
minimum simulated value for the variable, between the soil texture maps at a given 
time step is then computed as: 

D(t) = max(M1(t), M2(t), M3(t), M4(t)) - min(M1(t), M2(t), M3(t), M4(t))            (4) 

and the average margin is given by: 

      A = 1
𝑇
∑ 𝐷(𝑡)𝑇
𝑡=1                                                                                                 (5) 

where T represents the total number of time steps in the time series and t denotes 
time step.” 

6. Figure 2 could be moved to the supplementary because it is not part of your main story 
but an explanation for your main story.  

We have moved Figure 2 to supplementary. It is now Figure S9. 

7. It is better to use some quantitative metrics to quantify the differences in model 
simulations between different experiments, instead of a qualitative way, to distinguish 
which factors (e.g., different soil, different forcing) are the most important.  

Thanks, we have included significance tests using ANOVA in the revised manuscript. 
The ANOVA tests were introduced in line 303-315 The results of the significance tests 
(p-value) which show whether the differences among all soil texture maps are 
significant are now available in all regional and local time series plots in this study. 

“A one-way analysis of variance (ANOVA) was conducted to ascertain whether the 
outputs of the four soil maps for each atmospheric forcing group exhibited significant 
variation. Firstly, the mean of the four soil map outputs was calculated, and the 
deviation of each map's output from the mean was obtained. The resulting deviations 
were subsequently expressed as percentages relative to the mean output, thus 
providing a normalised measure of the deviation for each soil map, which could then 
be compared with results for other atmospheric forcings. The data were subsequently 
transformed into a long format suitable for ANOVA, in which the percentage deviations 
for each soil map were compared. The dependent variables were the obtained 
percentage deviations, while the independent variables were the categorical variable 
defining the compared groups (FAO, dominant, mean and random). Subsequently, an 
analysis of variance (ANOVA) was conducted to ascertain whether there were 
statistically significant discrepancies between the models' percentage deviations. 
The results of the ANOVA analysis yielded a p-value statistic, which was used to 
determine the significance of the observed variations in soil texture map outputs at 
the 95% confidence interval. For further details on the ANOVA framework, we direct 
the reader to the works of Fisher (1925) and Brandt (2014). ” 



8. The analysis would be better if further compared with benchmark datasets.  

A comparison has been made with the GLDAS-2.1 dataset and has been featured in the 
revised manuscript. We introduce the GLDAS-2.1 dataset in lines 234-242. 

“GLDAS-2.1. The Global Land Data Assimilation System was originally developed to 
absorb satellite- and ground-based observational data products, using advanced land 
surface modelling and data assimilation techniques, in order to generate premium 
fields of land surface states and fluxes (Rodell et al., 2004). The GLDAS-2.1 dataset, 
which was reprocessed in January 2020, delivers monthly 0.25-degree data produced 
by temporal averaging of 3-hourly simulations using the Noah Model 3.6 in LIS Version 
7. The GLDAS-2.1 simulations were driven by NOAA/GDAS atmospheric fields, GPCP 
V1.3 precipitation data, and AGRMET radiation variables from March 2001 onward.  
Table 1 summarizes details regarding the different meteorological forcing datasets 
used in this work.” 

The comparison was performed over the study period per grid cell as described on 
lines 316-323. 

“Finally, we compared the different soil texture map outcomes with GLDAS-2.1 
datasets as a credible benchmark to know which soil texture map or upscaling 
methods provided estimates closer to an established external dataset. We compared 
ET, surface runoff and soil moisture content using the Pearson correlation (Pearson & 
Henrici, 1997) to measure the strength of relationship between the datasets, Mean 
Absolute Error (MAE) to describe the average magnitude of the errors and Root Mean 
Square Error (RMSE) to emphasize large errors. More details about both the RMSE and 
MAE and their proper use cases are described by Hodson (2022). For the reference 
study period, for every grid cell and all time steps the calculated water balance 
components were compared with the ones from the GLDAS-2.1 dataset. This 
comparison was performed on a grid cell-by-grid cell basis, resulting in a complete 
continental assessment of the water balance components.” 

The comparison results are presented in Section 3.1 (L336-395). We provide an 
assessment of the agreement between the CLM5-simulated water balance 
components and GLDAS-2.1. 

“3.1. Comparison of simulated water balance components with GLDAS-2.1 Datasets 

To assess the agreement between the CLM5-simulated water balance components 
and a reference dataset, a comparison was conducted with the outputs of GLDAS-2.1. 
We acknowledge that while the GLDAS-2.1 serves as a benchmark for comparison, 
the extent to which it accurately represents actual measurements in relation to CLM5 
simulations remains uncertain. 

Evapotranspiration 



The correlation of CLM5 simulated ET with GLDAS (Figure 1) shows a clear spatial 
gradient across Africa. Strong positive correlations above 0.75 as referenced in 
hydrology studies over Africa (Scanlon et al., 2022; Larbi et al., 2020) are mainly seen 
in the equatorial region and parts of Eastern Africa, Southern Africa and Madagascar, 
indicating acceptable model performance in these regions. Northern Africa, some 
parts of Central Africa, and the cape of South Africa tend to show moderate to weak 
positive correlations, with some areas having negative correlation (down to around -
0.79). The mean correlation values vary between 0.64 and 0.70, depending on the 
input of atmospheric forcings and soil properties, reflecting relatively moderate 
agreement with GLDAS across the continent. RMSE for ET (Figure S50) displays a 
concentration of lower errors in the moisture deficient Northern and Southern parts of 
Africa, while the moisture richer Central and Eastern regions show higher RMSE values. 
It is important to note however that RMSE scores are magnitude dependent as they 
increase or decrease with the magnitude of evaluated variables. 

Surface Runoff 

Surface runoff correlations (Figure 3) over Africa exhibit wide variability, with very high 
positive correlations (up to 1.0) in Savannah regions of West Africa including parts of 
Namibia, Zambia and Mozambique. There are however areas with low to strongly 
negative correlations, particularly in the Sahara region  including countries like 
Mauritania, Mali, Algeria, Libya, Egypt and Sudan, where correlation values are as low 
as -1.0. This high variability results in an average continental correlation in the range 
of 0.50-0.58. The RMSE for surface runoff over Africa (Figure S52) shows minimal 
errors in water scarce Northern and South-western Africa, with the highest RMSE 
values ranging from 0-11mm/month Central Africa and Western regions show 
relatively higher RMSE values. The high RMSE values suggest substantial 
discrepancies in surface runoff simulation between CLM5 and GLDAS, especially in 
equatorial areas. 

Soil Moisture 

Soil moisture correlations with GLDAS (Figure 2) show a slightly different spatial 
pattern compared to ET. The highest correlations (strong positive) are generally 
observed above the equator, top fringes of Southern Africa and Northern Madagascar. 
Strong negative correlations however are found in parts of Sahara specifically 
Mauritania, Mali, Algeria, Egypt and Sudan where certain grid cells exhibit correlations 
as low as -0.79. Overall, the average correlations for soil moisture are lower than for 
ET with a range of 0.56-0.67, indicating less correlation across the continent 
compared to ET. The RMSE for soil moisture (Figure S51) is 0.05-0.06 cm3/cm3. RMSE 
is higher in parts of Central Africa like Congo DR, where errors peak around 0.26-0.27 
cm3/cm3. This RMSE pattern suggests that the CLM5 simulated soil moisture 
maintains a relatively stable agreement with GLDAS having minimal extreme errors 
across the continent. 



” 

 

 

9. L52. Correct the typo of the degree symbol from “0.5o”, and check for other similar 
errors throughout the document.  

“0.5o” has been changed to “0.5o”. We have also checked the manuscript thoroughly 
for similar typographical errors and corrected them. 

10. In the Data Availability section, it would be better to include where (URL or platform) 
you specifically obtained the data, e.g., SoilGrids, different forcings, etc.  

The Specific URL where Soil Grids and other ancillary data including the newly 
involved GLDAS-2.1 is downloaded has been specified in the data availability section.   

11. The discussion section includes numerous analyses which, although sufficient, feel 
oddly placed. If there are so many analyses based on new tables, why not include 
them in the results section (e.g., Tables and new figures)? Additionally, the 
discussion does not provide a broad scope that shows how your study could further 
connect with or guide future research. 

Yes, we agree that some of the tables and figures which were presented in the 
discussion are more relevant in the results section. Some tables and figures have now 
been moved to the results section while some others have been moved to 
supplementary materials.  

Here are the changes made: 

Table 3 and Table 4 are now in the results section while the Table showing total 
number of precipitation events above 3mm/hour is now Table T17 of the 
supplementary material. 

To ensure better clarity, we have partitioned our discussion into different sections 
(3.5.1 – 3.5.3) and provided further details. The sections include:  

• The role of temporal resolution in rainfall intensity representation (3.5.1) 

• The role of soil texture in water balance components (3.5.2) 

• Implications for land surface modelling and community impact (3.5.3) 

“3.5.1 The role of temporal resolution in rainfall intensity representation 

We investigated whether the higher temporal resolution of simulations influenced 
the rainfall partitioning into surface runoff and infiltration.  The absolute monthly 
(Figures S26 and S27) and annual (Figure S9) precipitation amounts over the 
continent vary only slightly among CRUNCEP, GSWP and WFDE5. The spatial 
averages for annual precipitation are 608mm/year, 638mm/year and 666mm/year 



for CRUNCEP, GSWP and WFDE5 respectively. These differences in rainfall 
amount do not explain why only for WFDE5, soil texture variations result in larger 
runoff and evapotranspiration variations. We analysed also the number of 
precipitation events with a rainfall intensity above 3mm/hour for each of the three 
atmospheric forcings and eight selected locations. We found that WFDE5 had a 
much higher number of precipitation events with rainfall intensity greater than 
3mm/hour than both CRUNCEP and GSWP at all 8 locations (see Table T17) 
indicating a better representation of rainfall intensity. GSWP and CRUNCEP had 
more rainfall events with much lower intensities. This indicates that rainfall 
intensity representation and its impact on the land surface model is a likely reason 
for the higher sensitivity of model outcomes towards soil texture input in WFDE5 
forced simulations than GSWP and CRUNCEP forced simulations.    

3.5.2 The role of soil texture in water balance components 

Rainfall intensity has a stronger influence on surface runoff generation than rainfall 
amount  (e.g., Jungerius & ten Harkel, 1994; Yao et al., 2021) and surface runoff is 
on the other hand also strongly influenced by the hydraulic conductivity with lower 
conductivity supporting higher surface runoff (Suryatmojo & Kosugi, 2021; Ow & 
Chow, 2021; Chandler et al., 2018). Therefore, for WFDE5 forcings there are 
potentially more situations with surface runoff, such that the role of different soil 
properties can come into play. We analysed this for all 8 locations (Figure S53) by 
calculating the standard deviation of the fraction of precipitation turned into 
surface runoff among the 4 soil texture maps, for each atmospheric forcing. For 
the WFDE5 atmospheric forcings, this standard deviation varies between 1.2% of 
rainfall for Daar es Salaam and 10.1% of rainfall in Addis-Ababa while the standard 
deviations are less than 0.4% for both CRUNCEP (6 hourly) and GSWP (3 hourly) 
atmospheric forcings, for all locations. This identified impact of surface runoff 
agrees with Mizuochi et al. (2021) for the ORCHIDEE model and Fersch et al. (2020) 
for the WRF-Hydro model.  This shows that the soil texture information has a 
control on the partitioning of fluxes for higher temporal resolution atmospheric 
forcings (Shuai et al., 2022). Since surface runoff and infiltration are sensitive to 
rainfall intensity (Mertens et al., 2002) and soil texture determines saturated 
hydraulic conductivity and therefore the timing of runoff (Hammond et al., 2019), 
surface runoff and subsurface runoff vary as a function of soil texture inputs in the 
WFDE5 simulations (mainly at the local and regional scales).  

3.5.3 Implications for land surface modelling and community impact 

This work demonstrates the critical role that high-resolution soil texture 
information and higher temporal resolution forcing datasets play in simulating 
water balance components. It highlights the need to use higher resolution soil 
texture information in land surface model simulations to improve the capturing of 
grid and sub-grid scale land surface heterogeneity. It is also necessary to provide 



better pedotransfer functions which link soil texture and soil hydraulic parameters 
which ultimately control infiltration. Higher temporal resolution of atmospheric 
forcing (hourly) in this work has also captured water balance dynamics differently 
from coarse temporal resolution atmospheric forcing which indicate a need for the 
community to further strengthen research to improve temporal resolution of 
atmospheric forcings especially over Africa. There have been advances in 
improving spatial resolution of atmospheric forcings (Funk et al., 2015) but this 
work serves as an indicator that higher temporal resolution atmospheric forcings 
are also needed. The works of Hersbach et al. (2020) and Cucchi et al. (2020) must 
be complemented in producing higher temporal resolution of atmospheric 
forcings. This advancement can eliminate the need for temporal disaggregation of 
precipitation as done in this work. This work showed that soil texture information 
is important in combination with high temporal resolution of atmospheric forcings 
as it impacts the partitioning of rainfall into surface runoff and infiltration. 
Ultimately, land surface models also need to be better tuned to correctly 
reproduce this partitioning, in the context of the higher temporal resolution of 
atmospheric input data and higher spatial resolution of information on soil 
hydraulic properties.” 

 

Also, our conclusion on lines 762-773 now includes recommendations for the 
community. 

“This study therefore recommends further advances in the provision of both 
higher temporal resolution climate datasets and higher spatial resolution soil 
information over Africa. With higher spatial resolution soil information, sub-grid 
scale land surface heterogeneity will be handled with more accuracy. Also, higher 
temporal resolution climate datasets at less than 1-hour timesteps will not only 
eliminate the need for temporal disaggregation in land surface model applications 
but ensure that more accurate atmospheric variables are supplied to the land 
surface model at each time step.  

This study also highlights specific implications for the simulation of surface runoff 
by land surface models. Higher spatial resolution of soil texture data, or soil 
hydraulic properties, at finer spatial scales allow potentially for a better modelling 
of surface runoff and subsequently other water balance components at each grid 
cell. In addition, higher temporal resolution atmospheric forcing captures high-
intensity rainfall events that can produce more surface runoff in a short period of 
time, especially on soils with low hydraulic conductivity, leading to a more 
accurate estimate of surface runoff at each affected grid cell. 

” 
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