Answer to reviews of:
Estimating the thickness of unconsolidated coastal aquifers along the global coastline
Zamrsky et. al. 
We thank both reviewers for carefully examining our manuscript and sharing their comments and points of improvement that genuinely improved the quality and overall readability of the manuscript. Below we present our responses to the comments and list the changes (highlighted in red) made accordingly in the manuscript. To answer the comments, we first copy the whole comment section and then add the relevant part of the reviewer’s overall concerns on top of our answer. 

Answer to Reviewer 1:

In this paper a methodology is described to estimate unconsolidated coastal aquifer thickness along the coastal ribbon. The estimation results are validated against borehole data (representing the more local scale) and literature values (representing the regional scale). A numerical experiment, designed to study the changes in salt intrusion under changes in aquifer thickness and vertical structure, was done. The paper concludes that the new method used to estimate the unconsolidated coastal aquifer thickness is suitable at the global-to-regional scale and that geological complexity plays an important role in simulation salinity concentration profiles. This work is clearly a step in the right direction, and we need to test our ability to simulate these systems accurately. However, currently the manuscript suffers from unintended confusion throughout the whole text; methods, including assumptions made and uncertainties, and results need to be better explained, and I recommend to give the grammar and wordiness an extra check, as well as the clarity of the text. Nevertheless, I think the concerns I have, although it is a long list, can be solved (major revisions).

Specific concerns:
1. My first concern is related to main motivation of this research, which I found not so convincing and is not helping to fully understand to usefulness of the work done. After reading the introduction it is still not so clear why we need a new coastal aquifer dataset and what this new dataset actually contains. For
example, in the introduction (p2 L11) “open source global datasets”; can you be more specific here, what
kind of datasets? Datasets that hold hydrogeological information? Same sentence “during the estimation
process”; estimation of what? Be more specific. Also, previously published datasets are hardly described,
which makes it particularly hard to judge the importance of this research. Could you add one or two lines
to describe the major lacks of these datasets and why they cannot be used to determine the vulnerability
of coastal aquifers to sea-level rise and groundwater pumping, and thus motivate why you estimate
coastal aquifer thicknesses and not use e.g. Pelletier’s soil data or de Graaf’s aquifer thickness estimate.
Related to the introduction, also in the conclusion part of the paper (last paragraph) I have the feeling the ‘take-home message’ can be much stronger formulated. What is the big selling point of the data, what is the major improvement compared to previous datasets, how can it be used in global scale estimates of aquifer structure, what did we learn from the numerical experiments and how will this help to improve the current hydrological large-scale models etc.

My first concern is related to main motivation of this research, which I found not so convincing and is not helping to fully understand to usefulness of the work done. After reading the introduction it is still not so clear why we need a new coastal aquifer dataset and what this new dataset actually contains. For
example, in the introduction (p2 L11) “open source global datasets”; can you be more specific here, what
[bookmark: _GoBack]kind of datasets? Datasets that hold hydrogeological information? Same sentence “during the estimation
process”; estimation of what? Be more specific. Also, previously published datasets are hardly described,
which makes it particularly hard to judge the importance of this research. Could you add one or two lines
to describe the major lacks of these datasets and why they cannot be used to determine the vulnerability
of coastal aquifers to sea-level rise and groundwater pumping, and thus motivate why you estimate

We thank the reviewer for pointing out the weak spots in our introduction. We provide a more detailed explanation on why such dataset is important for carrying out better regional to global scale hydrogeological studies by analyzing the amount of people living in areas overlaying unconsolidated aquifers [P1 L37 – P2 L6]

The goal of this study is to estimate the unconsolidated aquifer system thickness along the global coastline. This constitutes a first step towards a more complete hydrogeological characterization of coastal aquifers. Our focus is limited to aquifer systems formed by unconsolidated sediments that constitute around 25% of the coastal ribbon (200km far or less from coastline, see Table 1) based on the GLIM dataset (Hartmann et al., 2012). In contrast, more than 36% is shaped by different types of sedimentary rocks where aquifers can also be expected. These sedimentary rocks formations most probably form the coastal aquifer systems that are missed in this study. However, table 1 also shows that more than 40% of people living in the coastal ribbon (CIESIN, 2017) are located on top of unconsolidated sediment aquifer systems (Table 1), while less than 30% live in areas with sedimentary rock aquifers. This means that there is potentially more pressure on fresh water availability in areas with unconsolidated sediment aquifer systems.   



Could you add one or two lines to describe the major lacks of these datasets and why they cannot be used to determine the vulnerability of coastal aquifers to sea-level rise and groundwater pumping, and thus motivate why you estimate coastal aquifer thicknesses and not use e.g. Pelletier’s soil data or de Graaf’s aquifer thickness estimate.

To make it clearer what kind of open source global datasets we use we added a reference to Table 2 which contains information on the datasets used throughout this study. Furthermore, to address the weak points of already existing thickness estimation datasets we added the following sentences where we explain why it is important to know the unconsolidated sediment thickness in coastal zones. [P2 L7-15] 

[bookmark: _Hlk515974016]To be globally applicable and comparable, our method of aquifer thickness estimation makes use of already available open source global datasets (see Table 2). These datasets contain information on elevation, surficial lithology, regolith thickness and overall sedimentary thickness. What motivated this study is that none of the globally available thickness datasets are individually suited to represented coastal aquifer thickness. Two of these datasets only provide estimated regolith (surficial sediment layer) or soil thickness (Pelletier et al. 2016; Shangguan et al. 2017). The soil or regolith layer is only part of the aquifer system formed by unconsolidated sediments and therefore unfit to use in building a hydrogeological model representing the flow in the whole aquifer system. Conversely, the other two datasets (Whittaker et al. 2013; de Graaf et al. 2015) estimate the total porous media thickness without making a distinction between unconsolidated and consolidated sediments (rocks) and therefore tend to overestimate the unconsolidated aquifer system thickness. 


Related to the introduction, also in the conclusion part of the paper (last paragraph) I have the feeling the ‘take-home message’ can be much stronger formulated. What is the big selling point of the data, what is the major improvement compared to previous datasets, how can it be used in global scale estimates of aquifer structure, what did we learn from the numerical experiments and how will this help to improve the current hydrological large-scale models etc.

The conclusion was adapted to send a stronger message and stress the usefulness of our dataset for building regional and global groundwater models. [P8 L1 – P11]

In conclusion, we showed that it is possible to obtain first order coastal aquifer thickness estimates by using available global datasets and a simple methodology consisting of simulating the bedrock slope from the geological outcrops. Our dataset complements the existing datasets listed in Chapter 1 by providing an estimate of the unconsolidated part of coastal aquifer systems. In such way it is now possible to build more detailed and vertically stratified regional and global scale hydrogeological models based on the herein provided dataset. By combining our dataset with existing sedimentary thickness estimates by e.g. de Graaf et al. (2015) we can distinguish the unconsolidated aquifer system (our dataset)  overlaying the sedimentary rocks. However, our dataset is not suitable for building detailed local hydrogeological models, as in such case additional local geological information should be included. Furthermore, the local-scale geological complexity seems to play a larger role in simulated salinity concentration profiles than aquifer thickness (except for extreme values). Thus, our EAT dataset provides a satisfactory first step towards a global coastal aquifer characterization that should be followed by the assessment of the coastal aquifers geological complexity for local application.

2. My second concern is related to the methods, and the many questions I still have after reading these
sections. The assumptions and uncertainties of your methodology are not well described nor discussed.
For example, it is stated the dataset is limited to unconsolidated sediments only (p2. l11); is this a
reasonable assumption, how much of the global coastal ribbon consist of unconsolidated sediments and
can you indicate regions where you most likely miss aquifers? And vertically; is this a reasonable
assumption considering extensive coastal aquifer systems that may consist of unconsolidated sediments
on top of sedimentary rocks (also part of the aquifer system)? Can you say something about the uncertainty in GLiM, as this dataset limits your estimate to the regions classified as unconsolidated
sediments in their dataset. How sensitive is you estimate for the placement of the anchor point, and what is the uncertainty of the Pelletier dataset you used to place this anchor point?
Second, I am a bit confused about p2.L29: “the first study ….estimate the thickness of unconsolidated
sediment formations at the global scale”; but I assume unconsolidated sediments of coastal aquifers are
meant here. A consistent terminology is not used throughout the text, causing confusion. Besides, I
understood the thickness estimation is limited to profiles along the coastal ribbon (like presented in F1d,
and with points of F4), but this sentence suggests a spatial distributed estimate of aquifers in general. Can this be clarified?
Third, I am surprised that you only had 112 borehole descriptions, and I was even more surprised that this does not include any information of the US or Europe; the two continents where normally the most data are available (P4 L16-17). You state the dataset is far from complete, but can you nevertheless explain shortly why US and Europe do not have any borehole data (for example USGS borehole data is freely available as well). Second, how much do you trust your validation if it is only based on so few boreholes. Additionally, could you provide any insight on taking half of the maximum thickness if no average value was given in your literature review (p4 L26-30)? Does this seem to be a plausible assumption when compared to the reported minimum values you do have in your validation dataset?
Forth, EQ(1) the “relative error percentage” does not exist; what you mean is the percentage relative error (preferable abbreviated as PRE), or percentage error (personally I would stick to the relative error). Also, you need to use brackets for the absolute error here (same in EQ 5), and normally going from a fraction to a percentage is written like this: relative error X 100%= …%. Note that the RE of eq. 1 can be negative or positive (please explain the difference) and that in section 3.2 you refer to eq. 1 as calculating the absolute relative error, which is not correct as it is. 
Fifth, concerning the “groundwater flow and salt transport modelling”; this section is very short and lacks in motivating the reason why you did this numerical experiment (to study the changes in salt intrusion under changes aquifer thickness and vertical structure in order to make recommendations for future (large-scale) hydrological simulations?). Also, I did not understand what is meant with “different models” p5 l.25; where different models run, or the same model with various parameter settings? I also did not find “the three example cross-sections” L 27.


For example, it is stated the dataset is limited to unconsolidated sediments only (p2. l11); is this a
reasonable assumption, how much of the global coastal ribbon consist of unconsolidated sediments and
can you indicate regions where you most likely miss aquifers?

The suggestions provided by the reviewer helped us improve the overall understandability of the methodology section. To explain why we focus only on unconsolidated sediments we performed a GIS analysis to investigate how much of the global coastline is formed by this type of sediments (as suggested by the reviewer). On top of that, we also explored the population numbers that inhabit these areas. [P1 L38 – P2 L6] and the added Table 1.

Our focus is limited to aquifer systems formed by unconsolidated sediments that constitute around 25% of the coastal ribbon (200km far or less from coastline, see Table 1) based on the GLIM dataset (Hartmann et al., 2012). In contrast, more than 36% is shaped by different types of sedimentary rocks where aquifers can also be expected. These sedimentary rocks formations most probably form the coastal aquifer systems that are missed in this study. However, table 1 also shows that more than 40% of people living in the coastal ribbon (CIESIN, 2017) are located on top of unconsolidated sediment aquifer systems (Table 1), while less than 30% live in areas with sedimentary rock aquifers. This means that there is potentially more pressure on fresh water availability in areas with unconsolidated sediment aquifer systems.    


Table 1 Statistics for individual GLIM classes in the coastal ribbon (200km and less from the coastline). The population numbers are based on the 2015 global population count (CIESIN, 2017).
	GLIM class (xx)
	GLIM class (name)
	Total % in coastal ribbon
	Population sum
	Population % in coastal ribbon

	ev
	Evaporites
	0.27
	4,612,359
	0.12

	ig
	Ice and Glaciers
	0.22
	3,480
	0.00

	mt
	Metamorphic rocks
	20.59
	395,567,421
	10.52

	nd
	No Data
	0.03
	1,211,402
	0.03

	pa
	Acid Plutonic rocks
	5.66
	248,153,378
	6.60

	pb
	Basic Plutonic rocks
	0.74
	19,480,337
	0.52

	pi
	Intermediate Plutonic rocks
	0.52
	13,959,834
	0.37

	py
	Pyroclastics
	1.00
	39,688,219
	1.06

	sc
	Carbonate Sedimentary rocks
	8.96
	268,875,153
	7.15

	sm
	Mixed Sedimentary rocks
	13.69
	350,423,700
	9.32

	ss
	Siliclastic Sedimentary rocks
	14.23
	487,261,398
	12.95

	su
	Unconsolidated Sediments
	25.78
	1,562,019,536
	41.53

	va
	Acid Volcanic rocks
	1.22
	60,196,503
	1.60

	vb
	Basic Volcanic rocks
	4.39
	165,959,005
	4.41

	vi
	Intermediate Volcanic rocks
	2.29
	128,173,527
	3.41

	wb
	Water Bodies
	0.43
	15,979,647
	0.42

	Total
	
	100.00
	3,761,564,898
	100






And vertically; is this a reasonable assumption considering extensive coastal aquifer systems that may consist of unconsolidated sediments on top of sedimentary rocks (also part of the aquifer system)?

Previous thickness estimation datasets such as de Graaf et al. (2015) and Pelletier et al. (2016) provide both an estimation for different stratigraphic units (whole sedimentary thickness including rock formations and only the upper regolith thickness respectively). Combining these two datasets with our unconsolidated sediment thickness leads to better information for building hydrogeological models with more detailed stratigraphy. We added the following sentence to the manuscript to provide an explanation why we chose to focus on unconsolidated sediments only. This comment is already answered above. [P2 L7-15] and [P8 L5-7]


To be globally applicable and comparable, our method of aquifer thickness estimation makes use of already available open source global datasets (see Table 2). These datasets contain information on elevation, surficial lithology, regolith thickness and overall sedimentary thickness. What motivated this study is that none of the globally available thickness datasets are individually suited to represented coastal aquifer thickness. Two of these datasets only provide estimated regolith (surficial sediment layer) or soil thickness (Pelletier et al. 2016; Shangguan et al. 2017). The soil or regolith layer is only part of the aquifer system formed by unconsolidated sediments and therefore unfit to use in building a hydrogeological model representing the flow in the whole aquifer system. Conversely, the other two datasets (Whittaker et al. 2013; de Graaf et al. 2015) estimate the total porous media thickness without making a distinction between unconsolidated and consolidated sediments (rocks) and therefore tend to overestimate the unconsolidated aquifer system thickness.

By combining our dataset with existing sedimentary thickness estimates by e.g. de Graaf et al. (2015) we can distinguish the unconsolidated aquifer system (our dataset)  overlaying the sedimentary rocks. 


Can you say something about the uncertainty in GLiM, as this dataset limits your estimate to the regions classified as unconsolidated sediments in their dataset.

The biggest uncertainty in the GLiM dataset is the large amount of areas labeled as “mixed sediments”. Those could potentially belong to the “unconsolidated sediment” type of lithology. Therefore, the uncertainties in the GLiM dataset can influence our coastal plain delineation. To explain this in the manuscript we added the following sentence. [P3 L4 – 6]

Hartmann et al. (2012) state that uncertainty in the GLIM dataset is still significant based on the amount of mixed sediment class (~15% of the world area), so it is likely that some unconsolidated sediment coastal areas have been missed in our study.  

How sensitive is you estimate for the placement of the anchor point, and what is the uncertainty of the Pelletier dataset you used to place this anchor point?
The Pelletier dataset provides relatively accurate regolith (surficial sedimentary) thickness estimates and differences between observed and predicted values are in order of meters. This is a relatively accurate estimation given the global scale of their dataset. The location anchor point (depth) has quite a large impact on the estimated thickness, especially with larger distance from the coast. However, given the accuracy and spatial resolution of the Pelletier dataset (30 arc seconds) and distance between our cross-section points (500m at equator) we are confident that we capture well the transition between hillslopes and areas with lower relief.  We added the following line into the manuscript to explain the anchor point estimation sensitivity. [P3 L10-12]

Pelletier et. al (2016) state that areas with low relief, such as coastal plains, generally have thicker sedimentary layer (> 50m) than hillslopes, so the transition zone between these two relief types is modelled with acceptable accuracy on global scale. 


Second, I am a bit confused about p2.L29: “the first study ….estimate the thickness of unconsolidated
sediment formations at the global scale”; but I assume unconsolidated sediments of coastal aquifers are
meant here. A consistent terminology is not used throughout the text, causing confusion. Besides, I
understood the thickness estimation is limited to profiles along the coastal ribbon (like presented in F1d,
and with points of F4), but this sentence suggests a spatial distributed estimate of aquifers in general. Can this be clarified?

We added the word “coastal” to improve the research scope clarity. [P2 L29-30]

This is the first study that directly combines lithology and topographic information to estimate the coastal unconsolidated sediment aquifer systems thickness at global scale.


Third, I am surprised that you only had 112 borehole descriptions, and I was even more surprised that this does not include any information of the US or Europe; the two continents where normally the most data are available (P4 L16-17). You state the dataset is far from complete, but can you nevertheless explain shortly why US and Europe do not have any borehole data (for example USGS borehole data is freely available as well).

We gathered as many borehole data as possible within the time frame we had, though we agree that 112 boreholes is limited when conducting a global dataset validation. The task of collecting these borehole data was difficult because our scope is only on coastal areas with unconsolidated sediments, preferably with larger depth than just few meters below the surface. The majority of borehole information we found only describes the upper soil layer. Another issue is that some boreholes do not reach the bedrock (as indicated in Figure 5) which leads to an unknown total unconsolidated sediment thickness. Nevertheless, we decided to use these boreholes for validation due to the fact that they give at least the minimal unconsolidated sediment thickness at the borehole location. 
Based on the reviewer’s suggestions we added boreholes from the USA and Netherlands to the final validation dataset which now has 168 boreholes. Just to explain, the USGS webservice where we downloaded the data was only launched after the first submission of the manuscript. The webservice has more than 500 borehole lithological data points but only few fitted our criteria (proximity to the coastline and lithological description). We added the new boreholes into the Figure 3. [P4 L1-2]

A dataset incorporating 168 geological borehole descriptions was collected and sorted out from open source datasets and web services, mostly located in the Netherlands, USA, Brazil and Australia. 

[image: ]
[bookmark: _Ref492547850]Figure 3 Location of the borehole data used as validation dataset, sources are listed in the Table S3. The borehole information in Brazil and Australia was manually digitized while the subsurface information in China was gathered by interpreting the cross-section provided in the hydrogeological maps.

Second, how much do you trust your validation if it is only based on so few boreholes.

While we agree that the borehole dataset is far from being complete, we think it provides enough data points to draw the conclusion that out ATE method does reasonably well in predicting regional aquifer thickness variations but fails in predicting local aquifer thickness. 


Additionally, could you provide any insight on taking half of the maximum thickness if no average value was given in your literature review (p4 L26-30)? Does this seem to be a plausible assumption when compared to the reported minimum values you do have in your validation dataset?

Unfortunately, our literature dataset usually doesn’t provide all three measured thickness values (min, max, avg).  Only nine literature sources give a maximum and average thickness values and the average value is on average 59% of the maximum thickness. However, this is far from a representative sample so we assumed that the minimum thickness is 0 in cases where only maximum thickness is provided and, in such way, we chose the 50% fraction for calculating the average thickness value. 

Forth, EQ(1) the “relative error percentage” does not exist; what you mean is the percentage relative error (preferable abbreviated as PRE), or percentage error (personally I would stick to the relative error).

Based on reviewer’s suggestions we stick to relative error and we also added equations used to calculate the PRE (percentage relative error) and PRI (percentage relative improvement). We believe that in this way the explanation is satisfactory and clear. The reference to the equation calculating the absolute relative error was corrected. [P4 L20-26]

  	

The RE can be either positive or negative which implies that the ATE over or under estimates the aquifer thickness respectively (compared to values indicated by literature). The percentage relative error is calculated as:
  		


Fifth, concerning the “groundwater flow and salt transport modelling”; this section is very short and lacks in motivating the reason why you did this numerical experiment (to study the changes in salt intrusion under changes aquifer thickness and vertical structure in order to make recommendations for future (large-scale) hydrological simulations?). 

A section explaining the reasons behind conducting a numerical experiment is added, see below. We also added an extra sentence describing the meaning of “different models”. [P5 L6-10]

The main motivation behind building numerical models simulating the groundwater flow and salt transport as part of this study is to examine the effects of varying aquifer thickness and its geological complexity (absence or presence of low permeable aquitard layers) on simulated salt water intrusion. Better understanding of these sensitivities will help create improved large-scale hydrogeological models in coastal areas which in turn will lead to more accurate present and future fresh groundwater volumes predictions. 


Also, I did not understand what is meant with “different models” p5 l.25; where different models run, or the same model with various parameter settings? I also did not find “the three example cross-sections” L 27.

To avoid confusion, we do not use the term “different models” but “models with different parameter settings”. Furthermore, a description of the three example cross-sections was added into this chapter. [P5 L14-17]

The models with different parameter settings were set up for three cross-sections located in Italy in the Versilia plain (Pranzini 2002), the coast of Virginia in the USA (Trapp & Horn 1997) and in the Mediterranean aquifer in Israel (Yechieli et al. 2010). We use these studies to build the heterogeneous geological scenarios based on provided cross-sections indicating the exact position of low permeable aquitard layers.




3. My third concern is related to the discussion of the results. The many errors made in this section make it hard to judge the value of the new findings. For example, P6 L6 “range between 0.1 and more than
5000m”: the figure shows a range between 0 and 6500 (map) and 50- More (histogram) (unfortunately a
unit is missing in the figure, but I assume meters). And, can you show the distribution of literature and
boreholes as well in the histogram? 
Second, throughout this result section and corresponding figures, as well as in section 4: at p2 L24 you say “aquifer thickness estimation method (ATE)”. In this section and figures it seems that ATE stands for
estimates aquifer thickness; this is confusing.
Third, P7 L2-7: move this to methodology. Also, an explanation on how you included a more complex
geology is needed here. How did you estimate e.g. the location of the aquitard, thickness of the aquitard,
and what did you assume for conductivity etc. What are the assumptions and uncertainties in this
estimate, and how does this effect the results? Related to the latter, P8 L20- 23: Can you expand on this a bit, maybe reflect on previous studies studying coastal aquifers and salt intrusion that, as far as I know,
often simplify the vertical structure of coastal aquifers to a confining layer overlying a confined
unconsolidated sediment aquifer.
Forth, how did you choose your different layering scenarios, and, based on my curiosity, could you say
something about the thinnest thickness and the thickest thickness in relation to the previous published
thickness estimates. Does the thinnest thickness correspond to what we would get if we used Pelletier’s
dataset and the thickest if we used De Graaf’s dataset for the modelling?

We appreciate the reviewer’s comments and advice regarding the discussion part of our manuscript and believe that implementing these comments leads to a more comprehensible and stronger discussion of our findings. 


My third concern is related to the discussion of the results. The many errors made in this section make it hard to judge the value of the new findings. For example, P6 L6 “range between 0.1 and more than
5000m”: the figure shows a range between 0 and 6500 (map) and 50- More (histogram) (unfortunately a
unit is missing in the figure, but I assume meters). And, can you show the distribution of literature and
boreholes as well in the histogram? 

The minimum and maximum EAT values were corrected in both the text and figures to match the actual EAT values. The distribution of literature and borehole validation dataset values was added to Figure 5. [P5 L28-29]

It shows that the aquifer thickness estimates range between 0.1m and 5145m, with mean value close to 170m.

[image: ]
Figure 5 (a) Global map of EAT at the coastline and zoomed areas (1-5) showing regional variations of estimated thickness in various coastal zones around the world. The coastal points are magnified giving the impression that more than the stated 20% of the global coastline is covered, which is not the case (see plain black line). (b) histogram of EAT values with cumulative frequency in %.


Second, throughout this result section and corresponding figures, as well as in section 4: at p2 L24 you say “aquifer thickness estimation method (ATE)”. In this section and figures it seems that ATE stands for
estimates aquifer thickness; this is confusing.

The confusion of using ATE for both the method and the actual estimated aquifer thickness results was resolved by abbreviating the latter EAT throughout the manuscript. [P5 L28]

The overall estimated aquifer thickness (EAT) results.

Third, P7 L2-7: move this to methodology. Also, an explanation on how you included a more complex
geology is needed here. How did you estimate e.g. the location of the aquitard, thickness of the aquitard,
and what did you assume for conductivity etc. What are the assumptions and uncertainties in this
estimate, and how does this effect the results?

As suggested, we moved the first paragraph of the section 3.3 to the methodology chapter. This is indeed more logical since the text describes the motivation of the modelling study and also the actual set up of the models. The added sentences are as follows. [P5 L11-13] and [P5 L18-22]

To evaluate the sensitivity of saltwater intrusion on aquifer thickness and geological; complexity, we compare, at a fixed time, the salinity profiles of all simulations as well as the fresh water cells percentage in the coastal zone. 

[bookmark: _Hlk515999583]Since the main motivation of this numerical modelling study, is to investigate the sensitivity to aquifer thickness and geological complexity, we kept the both aquifer and aquitard layers hydraulic conductivities constant for all simulations (see Table S4). The hydraulic conductivity values were based on the GLHYMPS dataset by taking the highest value of the unconsolidated sediment class as hydraulic conductivity of the aquifer and the lowest value (fine grained) as aquitard hydraulic conductivity (Gleeson et al., 2014). 

Related to the latter, P8 L20- 23: Can you expand on this a bit, maybe reflect on previous studies studying coastal aquifers and salt intrusion that, as far as I know,
often simplify the vertical structure of coastal aquifers to a confining layer overlying a confined
unconsolidated sediment aquifer.

Description of previous numerical studies dealing with regional/global modelling is added to the manuscript. The added sentences stress the need for more detailed vertical stratigraphy information in order to create a more realistic hydrogeological model. [P7 L32-36]

Werner et al. (2013) stresses that accounting for geological heterogeneities is important to accurately simulate the saline groundwater distribution in coastal areas. Previous regional to global scale studies (e.g. Michael et al., (2013), Solórzano-Rivas & Werner (2018), Knight et al. (2018)) considered the geological conditions (permeability and aquifer thickness) to be homogeneous and our EAT dataset could provide a first constraint on unconsolidated sediment thickness for these type of studies.
Forth, how did you choose your different layering scenarios, and, based on my curiosity, could you say
something about the thinnest thickness and the thickest thickness in relation to the previous published
thickness estimates. Does the thinnest thickness correspond to what we would get if we used Pelletier’s
dataset and the thickest if we used De Graaf’s dataset for the modelling?

Finally, we also added a comparison of our minimum and maximum EAT values to the de Graaf et al. (2015) and Pelletier et al. (2016) datasets. [P7 L21-25]

Compared to the other two datasets providing thickness estimates (de Graaf et al. (2015) and Pelletier et al. (2016)) the lowest EAT values correspond to the range of values provided by Pelletier et al. (2016). The histogram in Figure 4b suggests that nearly 20% of coastal areas covered by our study have EAT between 0m and 50m. On the other side of the spectrum, our maximum EAT value is 5145 which is in the order of magnitude of the de Graaf et al. (2015) dataset. 

Minor comments
• Please check the referencing of the Pelletier dataset:
p2 L13 the thickness of soil (or regolith) layer;
p2 L22 the surface sediments
p2 L27 a thickness of subsurface sediments (regolith)
P3 L13-14: the soil and sedimentary deposit thickness
Etc.

The references were checked. The naming was unified as regolith thickness and changed accordingly throughout the manuscript. E.g. [P2 L8] and [P2 L24]

• Reconsider the title of section 2.1 e.g. coastal aquifer unconsolidated sediment thickness estimation

Agreed and changed, this title provides a clearer idea about the chapter content. [P2 L22]

• P2 L23: “aquifer thickness estimation from a global hydrological model”: as far as I know a
hydrological model does not estimate an aquifer thickness. The estimated aquifer thickness is a
parameter in the hydrological model. Just refer to the corresponding study (e.g global scale aquifer
thickness estimated by de Graaf et al (2015)), also changes PCR-GLOBWB in the other parts of the text
and in Figure 1.

Changed. [P2 L25] and [P3 L33]

global scale aquifer thickness estimated by de Graaf et al. (2015)

• F1a: If you use references for the Pelletier dataset use references for the others as well (Aquifer
thickness, GLiM). Additionally, note that sedimentary thickness is definitely not included in Pelletier.
F1b and c: note that the color if the unc.sediments is flipped here.
F1c: it is not clear what the number are in this figure. You mention the second-order estimation line,
but which one is this? Overall this figure would benefit from reducing the text per sub-figure (why not
reduce the text and move to the figure caption).

All changes mentioned above were applied to Figure 1, we believe that this Figure is now clearer and easier to understand, see below.

[image: ]
Figure 1 Schematisation of the ATE method using available open source global datasets. (a) Combining input datasets and extracting the values at cross-section points along a perpendicular cross-section to the coastline running through a coastal point (red dot), only few are schematized in the figure (in reality 800 per cross-section). (b) Determine the extent of the coastal plain (1) and position of the anchor point (2). Extent of the cross-section is set to 200km landward and offshore, (c) The estimation is performed via topographical points selected based on the coastal plain extent, the position of the anchor points and the lithological classes from the GLIM dataset. The 2nd order estimation line is not used for estimation in case its minimum is reached before the coastline (transparent). (d) Final step of calculating the average, minimum and maximum estimated values.


• P3, L20-23: are the “four different estimation methods” the ATE method?

The overall ATE method consists of combining results from four different estimation techniques, each of them using a particular way to select topographical points from the hard rock formations located in the inland direction from the coastal plain. For clarity the word has been changed from methods to techniques, e.g. [P3 L17-27]


• P5 L7 “overall average thickness” is this a global average thickness?

It is the average thickness based on our literature research, for clarity the formulation was changed to “average global aquifer thickness”. [P4 L29]

• P6 L7: “A similar result”: A slightly different result

Changed. [P5 L31]

• P6 L8 “literature … 65% … lower than or equal to 300m”
P6 L19 “literature …. 69% sediments of 300m or lower”
I would expect the same percentages; can you explain this?

“more than 65%” was corrected to 69% as is the case based on the literature study. The original formulation was a rounding of the exact percentage. [P7 L32] and [P6 L6]

• F5 can the borehole and literature figures somehow be combined, so we can see the differences
better? The insets on b and c can be left out.

Changed and figure adapted.
[image: ]Figure 7 Overall borehole and literature validation results of the EAT results.


• P6 L28: There is no figure 3c.

Fixed and corrected to figure 7b. [P6 L17] 

• The Figure 6 that is referred to in section 3.3. should be figure 7, same in section 4. (and the current
Figure 6 is not used at all).

Corrected. [P6 L30]

The relative improvement for individual literature validation areas is shown in Figure 8.  The majority of the areas show an improvement, while estimates for the large coastal plains of eastern and southern coast of the USA suggest the opposite.

• P7 L26: “aquifer thickness (lowest vs highest)”: thinnest vs thickest

Corrected. [P6 L40]

• P8 L10: You mention the 200km as a limitation, but at P3 L3-12 you state that this is a correct
assumption. In the end not so well chosen? Can you explain this.

The assumption that 200km is safe regarding the coastal unconsolidated aquifer thickness estimation was based on the spatial extent of regional groundwater flow models. However, at the end of the study it was found that for some deltaic areas the 200km span is not enough due to the absence of any bedrock formation in the cross-section. [P2 L36-41] and [P7 L14-16]

The cross-sections span 200 km both inland and offshore from the coastal point to capture the bathymetrical and topographical profile. This distance was chosen to safely cover the necessary stretch both landward and offshore for groundwater flow and coupled salt transport modelling. Recent studies dealing with the latter set the landward boundary less than 200km from the coastline even in deltaic areas (Delsman et al. 2013; Larsen et al. 2017; Nofal et al. 2016). Similarly, previous studies showed that submarine groundwater discharge can occur more than 100km offshore (Kooi & Groen 2001; Post et al. 2013).

This could be due to the limited cross-section length that spans at most 200km inland and offshore from the coastline depending on the coastal plain extent. If the latter exceeds this maximum length then no bedrock formation is found and thus no aquifer thickness is estimated.

• P8 L15 “resolution of the input data” Not exactly clear which input data you mean, also you did not
mention the resolution of the input data before.

Added reference to Table 2 which provides information on datasets used for the ATE and their resolution. [P8 L3]

• P8 L25: you did not mention these studies before.

Explanation and references added to section 2.3. dealing with groundwater flow and salt transport modelling methods. [P5 L14-17]

The models with different parameter settings were set up for three cross-sections located in Italy in the Versilia plain (Pranzini 2002), the coast of Virginia in the USA (Trapp & Horn 1997) and in the Mediterranean aquifer in Israel (Yechieli et al. 2010). We use these studies to build the heterogeneous geological scenarios based on provided cross-sections indicating the exact position of low permeable aquitard layers.

Examples of unnecessary wordiness from the abstract:
“the thickness of the aquifers” : aquifer thicknesses
“the management and control of groundwater resources” : Groundwater resources management and control
“we must have better information” : we need better information
“the thickness of aquifers” : aquifer thicknesses
We proofread the manuscript one last time and removed unnecessary wordiness (especially the cases using “of”). 

Answer to Reviewer 2:
I think Zamskry et al provide a useful global hydrogeology dataset that if the significant suggestions that reviewers have, could be a worthwhile contribution to ESSD.
I first read the paper to gather my thoughts and then read the comments of reviewer RC1. just to be efficient rather than re-iterating verbosely, I will first say that i largely agree with many of the overall and specific comments of RC1 and hope the authors can and will address of all these comments.
I add a few additional suggestions:
the anchor points are important but hard to know how to interpret - i suggest possibly adding a graph of distance of anchor point to shoreline (histogram or boxplot against lithology might also be interesting) - what is controlling this distance?
similarly, I found the ’four different estimation methods’ important but hard to visualize and interpret - could these be shown on a separate graphic or labeled separately on Figure 1? Also, these methods are fine mathematically but i was struck by the question: is there not coastal erosion or geomorphology theory/model/observations that would help determine which method is most likely or better. I am thinking of bedrock fluvial environments where there is well recognized theory/model/observations that predict river concavity, elevation etc. is there anything similar for coastal erosion?
I also wonder if the authors could analyse and report where the coastal aquifer thickness is zero or effectively zero (<5 m or some other cutoff?). it would be interesting to groundtruth these results against remote sensed information of exposed bedrock if possible.
the anchor points are important but hard to know how to interpret - i suggest possibly adding a graph of distance of anchor point to shoreline (histogram or boxplot against lithology might also be interesting) - what is controlling this distance?

As suggested, we added a histogram showing the distribution of anchor points distance from the coastline and of coastal plain extents. The ATE method is set up in such way that the anchor points are always located inside the coastal plain and therefore their location correspond to the “unconsolidated sediments” GLiM dataset class. Therefore, we didn’t create a box plot showing anchor point distance against lithology. The position of the anchor point is solely controlled by the Pelletier et al. (2016) dataset indicating the regolith (surficial sediment) thickness. We used the latter to find the point of last known thickness (< 50 m) and assign that point to be the anchor point. Reference to Figure 2 was added to the manuscript. [P3 L15]

A histogram of anchor point distances to coastline and of total coastal plain extent values is shown in Figure 2.



[image: ]
Figure 2 Histogram of coastal plain extents and anchor point distance to coastline values.

similarly, I found the ’four different estimation methods’ important but hard to visualize and interpret - could these be shown on a seperate graphic or labeled seperately on Figure 1?

Changes to Figure 1 were already suggested by Reviewer 1 and we adapted the figure to make it clearer and more easily readable for the readers. Labels for the four different estimation techniques were added to the Figure 1 as recommended by Reviewer 2. 

Also, these methods are fine mathematically but i was struck by the question: is there not coastal erosion or geomorphology theory/model/observations that would help determine which method is most likely or better. I am thinking of bedrock fluvial environments where there is well recognized theory/model/observations that predict river concavity, elevation etc. is there anything similar for coastal erosion?

To our knowledge there is not a straight forward coastal erosion or geomorphology model that we could use to determine which of the four bedrock slope estimation techniques performs better. There are many factors that play an important role in the coastal sedimentary environments such as tectonics, upstream river sediment influx, sediment type, subsidence, past sea level fluctuations or presence of glaciers in the past. Many of those are difficult to quantify on global scale due to missing datasets and estimating them would probably add additional uncertainty into our results. This is why we chose to focus on a purely mathematical approach that is later validated with borehole and literature data. We believe that our results show that this approach is suitable for regional/global coastal aquifer thickness estimations. However, we agree that a research direction similar to the one suggested by the reviewer should be pursued in the future to gain more insight into the composition and stratigraphy of these coastal aquifer systems (formed by unconsolidated sediments).  

I also wonder if the authors could analyse and report where the coastal aquifer thickness is zero or effectively zero (<5 m or some other cutoff?). it would be interesting to groundtruth these results against remote sensed information of exposed bedrock if possible.

Our focus is purely on coastal aquifers formed by unconsolidated sediments; therefore, we miss all sedimentary rock type of aquifers in our study. Nevertheless, we added a figure showing the spatial distribution of areas where EAT results are available (unconsolidated sediment aquifer thickness > 0m). The rest of the global coastline has an unconsolidated sediment aquifer thickness equal to 0m. Added Figure 6. [P5 L34-35]

Figure 6 shows the areas where there are no EAT results, largely due to the absence of unconsolidated sediments.


We end by thanking again the reviewers for their thorough reading and comments that have considerably improved the quality and readability of the paper.
[image: ]
Figure 6 Map showing the spatial distribution of EAT values (unconsolidated sediment aquifer thickness > 0m) and areas where the unconsolidated sediment aquifer thickness is 0m.
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