Reply to reviewer 2

Interactive comment on “Drivers of nitrogen and phosphorus dynamics in a groundwater-fed urban catchment revealed by high frequency monitoring” by Liang Yu et al.

Piet Seuntjens (Referee)

General comments

This manuscript describes a high frequent monitoring study of water quality in a groundwater-fed urban ditch. The monitoring allows to elucidate governing processes of water quality and the authors do a good job in trying to explain the observed water quality parameters. The observations are quite specific for the study area at hand given the specific pumping management, and hence extrapolation to other catchments would be less obvious, which limits the generalisation of the results. That is the major draw-back. Sometimes the authors also draw far reaching conclusions which need further confirmation. Given the fact that the observations are sound and well described, and discussion needs some further confirmation, I rate this publication to be acceptable for publication with minor revisions. The revisions should help to improve the readability and conclusions that can be drawn from this case study.

We thank Professor Piet Seuntjens (Reviewer 2) for his compliment and for his time and valuable review which led to a clearly improved paper. We are glad that the reviewer recognizes our efforts to understand the nutrient dynamics in this complex system, which involved combining and integrating a complex dataset.

We agree that some results and interpretation are highly site specific, given the local conditions with high seepage rates and the human controlled water level regime. However, as we stated in the discussion (?) we also see that these types of low-lying, artificial polder catchments are becoming a more common phenomenon, mainly in subsiding delta-cities. Therefore, the main message of the hard to manage groundwater impact on the water quality is also important outside our pilot site, as we described in the discussion section. 

Specific comments

1. Figure 1 contains too many features. I cannot read the map of Amsterdam, and the black item above. It seems redundant. I like the figure with the cross sectional view, but some features are unclear and should be redrawn: (1) where does the water from the drain system go to ? does the drain system capture groundwater or seepage water? What does the green area in the figure represent ? Is seepage vertically oriented towards the bottom of the ditch ? I would expect the ditch captures water from the surroundings.

Agreed, see comment 69 of reviewer 1. We provided a new Figure 1 in the attachment.

2. Figure 4 is too small. What does 1, 2, 3, 4 represent ?

Following the suggestion of reviewer 1, comment 72,  we updated the figure for better visualization uploaded in the system. 

The Caption will now read: “Selected precipitation events 1, 2, 3 and 4 showing dilution and peaks of water quality parameters, with hourly precipitation (mm/h) and hourly pumping activity (m/h). Note that different scales of TP and turbidity were used to reveal the dynamics”

3. Figure 6 could rainfall and/or EC be added here ?

[bookmark: _GoBack]We considered this, but have presented those graphics in a previous paper already (Yu et al., 2019). We have added NO3, TN and organic-N/TN ratios to this figure to better explain the N dynamics. The figure would be overloaded adding extra parameters. As is visible from the graphic below, plotting the EC would not do a lot to better explain the dynamics, as the complete EC continuous times series is already available in the manuscript.
[image: ]

4. P7L245 a discrete water sample confirmed the low NH4: only one sample. This seems poor to serve as a confirmation. Did you perform regular grab sampling as to check the online values ? How is the data quality of the online measurements validated ?

We agree that one single measurement is not convincing, but we mentioned it to suggest that this may reveal a similar pattern in 2016 when the high-frequency measurements had not started. We further clarified the text to reflect this:

“A similar pattern of dilution and recovery is also visible for NH4, especially for the period August 2016 – March 2017, where NH4 shows a very similar response as EC, although with somewhat larger day to day fluctuations. However, a contrasting pattern without NH4 recovery occurred twice: from the middle of June to the end of August 2016 and from the middle of March to the middle of May 2017. During these periods, concentrations of NH4 were considerably lower and deviated from the slope of the EC pattern. NH4 decreased from around 4 mg L-1 to around 2 mg L-1 between the middle of June to the end of August 2016, but the continuous NH4 measurements are not supported by the grab samples which follow the EC pattern more closely. During the second period from March to the middle of May the deviation from the recovery curved is more pronounced, and NH4 concentrations dropped to almost 0 mg L-1 and started recovery from the beginning of May. This pattern is fully supported by the available grab samples. During the same period in 2016 the high-frequency monitoring had not yet started, a single NH4 grab measurement is available for the 2nd of May, that seems to reveal a similar pattern in the spring of 2016”.

Moreover, we discuss grab sampling results over the long-term dataset of 2007-2018 in Section 4.2, Figure 6, which we use to discuss the results of NH4 and the other N species. That discussion confirms the value of the single measurement in May 2016 and the NH4 high-frequency pattern for March-May 2017.

5. P7L270 predicted and observed NH4 concentration generally agree. I would rather say that for both NH4 and P the concentrations are overestimated by the model. This makes sense since you don’t take transformation or sink processes into account in the model.

Based on the comments of both reviewer 1 and 2 we changed our line of reasoning into:

“The dynamics of measured NH4 concentrations show resemblance to the model results, especially during the wet season. Clearly, NH4 is diluted during the rain events and a gradual increase of NH4 starts after each rain even during the wet season showing slopes that resemble the model reconstruction. Over the whole period, measured NH4 concentrations are overestimated by the model, indicating that some NH4 is probably lost due to non-conservative processes. This is especially true for the  spring season of 2017, where NH4 concentrations must be controlled by other processes. Concentrations of TP are generally far below the  conservative model reconstruction, except between the end of November and the beginning of March. During this particular period the minimum measured TP concentrations are captured nicely by the conservative model, however distinct peaks up to 3 mg L-1 are not captured by the model and must have different physical or chemical processes determining them”. 

In the discussion part of the paper, we relate this to the mobilization of P that was once sorbed and fixated in the sediments during the dry season.

6. P9L344 the residence time is mentioned here. It would make sense to have the numbers for the residence time of the water in the manuscript. Did you calculate them for the different time periods ?

We calculated the residence time in four seasons which is surface water volume divided by flux (using daily average pumping flux in our case). It shows that the residence time in spring is 11.4 days, summer is 10.2 days, autumn is 10.2 days and in winter is 9.6 days which is the shortest.

7. P10L400 did you measure NO3 in this study? do you have clear evidence for NO3 consuming processes ?

This was dealt with under replies to comments 2 and 9 of reviewer 1.
 
8. P13L516-517 you state that the reactivity of the streambed sediments largely controls the water quality. Can you be more concrete on : (1) how then exactly the management should take care of this and (2) what type of measurements need to be done in the sediment to better understand the mechanisms in this system and to prove the hypothesis you make in Figure 7 ? You infer the mechanisms in Figure 7 based on surface water (water column) data only, and conclusions may need further elucidation.

Agreed. As all the reviewers commented on the lack of management strategies, we decided to add an brief section in the discussion part of the paper to discuss management and monitoring implications.

(1) how then exactly the management should take care of this
“This study proved high frequency monitoring technology to be an effective tool for understanding the complex water quality dynamics. Investment in high frequency monitoring is a prerequisite for incorporating the determining biogeochemical processes into the management of urban lowlands with substantial groundwater seepage. It also exemplifies the necessity for utilizing the nutrient temporal behaviors to realize efficient  mitigation and eutrophication control. For example, a direct treatment of the drain water by constructed wet lands in low lying areas, where artificial water systems that resemble the Amsterdam region in cities such as New Orleans, Shanghai and Dhaka. Centralizing the treatment of discharge is also recommended, for instance, harvesting N as phytoplankton from the discharge which is abundant in the water column in spring like in our case, and filtrating P away at the pumping station during winter time. Measures that artificially increase oxygen concentrations in the waters, such as the inlet of oxygen rich water, aeration by fountains or similar or the artificial introduction of grazers or macrophytes may be considered to improve the ecological status of these urban waters. And aeration of the water in summer and autumn can enhance processes such as nitrification, denitrification and anammox, eventually converting NH4 to N2, before the water is discharged to downstream waters. Importantly, before the application of any measures or maintenance in urban low lying catchments, managers should consider about the potential effects on the biological and chemical resilience of the ecosystem communities, e.g. dredging of a layer with abundant benthic activity might destroy an important buffer to nutrients in growing seasons, especially P.”
(2) what type of measurements need to be done in the sediment to better understand the mechanisms in this system and to prove the hypothesis you make in Figure 7 ?

We agree with the reviewer that some important hypotheses we drew in this paper need to be proved in  future studies. The necessary researches need to be done are elucidated as below:

“In this study, we are lack of the relevant data to further test the hypotheses addressed. In the future studies, we recommend a comprehensive study on the sediment-water interface to further test and develop the knowledge of the role of the benthic zone in the pattern of nutrients dynamics. And a study on the limiting factors such as Nutrient sources and Physical dimension of water courses for ecological status would give more options of effective water quality management. Developing integrated model for artificial urban water systems can upscale the knowledge from catchment scale to regional scale  achieveingan intergrated and effective management of region water quality.”
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