This manuscript presents a comprehensive dataset of riverine phosphorus (PO43- and total
phosphorus, TP) gain and loss across catchments in the conterminous United States (CONUS).
By integrating water quality observations, streamflow data, and hydrological connectivity
(NHDPIlus), the authors derive spatially explicit estimates of phosphorus loads, gains/losses, and
source contributions at the HUC12 scale. Overall, the manuscript is well written,
methodologically sound, and highly relevant to the ESSD community. The dataset fills an
important gap in large-scale characterization of riverine phosphorus dynamics and will be
valuable for watershed modeling, nutrient management, and environmental assessment. The
methods are generally robust, and the data product is clearly described and accessible.

I have several specific comments that I hope the authors will address before acceptance for
publication.

Response: Thank you for your positive and encouraging evaluation of our manuscript. We have
carefully considered your comments and suggestions, and have revised the manuscript
accordingly. Detailed point-by-point responses are provided below.

1. Clarification of the use of the LOADEST model

The use of LOADEST is appropriate, but several points would benefit from clarification: The
reported 1 values (0.76 for PO+* and 0.83 for TP) are reasonable, but are there spatial patterns in
model performance? Would it be useful to include a distribution of 12 in the SI?

Response: Thank you for this helpful suggestion. We examined the spatial variability of model
performance and did not find a clear or systematic spatial pattern across the CONUS. However,
model performance is generally higher for TP than for PO4>, with relatively lower performance
in some regions (e.g., the Mid-Atlantic), likely reflecting more limited availability of paired
phosphorus concentration and streamflow data for model fitting.

To improve transparency, we have added a description of model performance in Section 3.1 and
included the distribution of 12 values across stations in the Supplementary Information.

Lines 165-166: Generally, in the load regression, the 1 values for TP estimation outperformed
those for PO4>- estimation, particularly in the Mid-Atlantic region (Fig. S2).



Figure S2. Coefficient of determination (r?) of LOADEST model fits at each monitoring station
for (a) PO4* and (b) TP.

2. Refine equation 2.

The estimation of nonpoint source TP (Eq. 2) is a key contribution. The manuscript states that
this is a “lower-end estimate” due to ignoring in-stream removal. Consider explicitly rewriting
Eq. (2) with all assumptions clearly stated.

Response: Thank you. We have revised the description of Eq. (2) to explicitly state the
underlying assumptions and clarify its interpretation.

Specifically, we now clearly state that in-stream removal terms cannot be directly constrained
and are therefore assumed to be negligible for the purpose of deriving a simplified, first-order
estimate of nonpoint source inputs. Under this assumption, riverine removal is not explicitly



estimated, and P gain and loss represent the net difference between downstream and upstream
loads rather than a direct measure of in-stream removal. We also clarify that negative values of P
gain and loss should not be interpreted solely as removal, but may reflect a combination of
retention, transformation, and other processes.

Lines 114-127:

Because in-stream removal terms cannot be directly constrained and may vary across systems
(e.g., about 12% globally) (Maavara et al., 2015), we assume the values of these two terms to be
negligible for the purpose of deriving a simplified, first-order estimate for nonpoint source
inputs. Thus, riverine removal is not explicitly estimated in this study, and the calculated P gain
and loss represent the net difference between downstream and upstream loads. Conceptually, this
net difference reflects the combined effects of watershed P inputs (from both point and nonpoint
sources) and in-stream processes (e.g., retention, transformation, and remobilization) occurring
along the flow path, rather than a direct measure of any single process such as in-stream removal.
Under this assumption, Eq. (1) reduces to:

(P from nonpoint sources) = P gain and loss — (P from point sources) (2)

where P gain and loss = (P load at downstream outlet) —
(P loads from upstream inputs).

Accordingly, negative values of P gain and loss indicate net decreases in load along the flow
path, which may reflect a combination of retention, transformation, or other processes, rather
than being interpreted solely as riverine removal. This formulation neglects in-stream P removal,
and therefore (P from nonpoint sources) = P gain and loss — (P from point sources) is
a lower-end estimate of the nonpoint source contribution to riverine P for each HUC group.
Since only TP from point sources is available, we derived nonpoint-source TP loads but not for
PO4>.

3. Explain the aggregation/disaggregation of data at different scales (HUC12 vs HUCS vs
HUC4)

There are multiple spatial scales used, including Gain/loss at HUC12 groups, point sources at
HUCI12s, NIP inputs at HUCSs, agricultural inputs at HUC4s. Please clarify how
aggregation/disaggregation was handled when combining datasets across scales.

Response: Thank you for this helpful comment. We have clarified the aggregation and scaling
approach used to harmonize datasets across different spatial resolutions.

Riverine P gain and loss were derived at the HUC12-group scale, which serves as the
fundamental analysis unit in this study. Each HUC12 group is defined by a downstream station



and its connected upstream stations, and can be spatially linked to multiple HUC12 catchments.
Point-source P inputs, originally reported at the HUC12 scale, were aggregated to the HUC12-
group level by summing all inputs within the corresponding HUC12 catchments. This ensures
consistency when calculating nonpoint source contributions. For datasets available at coarser
spatial scales, including NIP inputs (HUCS) and agricultural inputs (HUC4), we aggregated the
HUCI12-group gain and loss estimates to the corresponding HUC8 and HUC4 units using area-
weighted averaging based on the spatial distribution of HUC12 catchments.

No disaggregation from coarse to fine scales was performed. All cross-scale comparisons were
conducted by aggregating finer-resolution data to match coarser datasets. These clarifications
have been added to Section 2.3.

Line 96-99:

To ensure consistency across datasets with different spatial resolutions, all analyses were
anchored at the HUC12 group scale. Point-source inputs, originally reported at the HUC12 level,
were aggregated to HUC12 groups to match the gain-loss estimates. For datasets available at
coarser scales (e.g., HUCS for NIP inputs and HUC4 for agricultural inputs), gain and loss were
upscaled using area-weighted averaging. No downscaling was applied.

4. Spatial Coverage and Representativeness

The datasets cover ~4.9 million km? for PO+*~ and ~6.1 million km? for TP, representing
approximately 61% and 76% of the CONUS area, respectively. The western U.S. is notably
underrepresented. While this is acknowledged, the authors should provide a more explicit spatial
characterization of data gaps, including a figure showing the density of HUC groups or the
proportion of area covered per HUC2 region. This would help users understand where inferences
are most reliable.

Response: Thank you for this helpful suggestion. We agree that a more explicit characterization
of spatial coverage is important for assessing the representativeness and reliability of the dataset.

In response, we have added a quantitative summary of spatial coverage at the HUC2 scale in the
manuscript, including the range of coverage across basins and the proportion of HUC2 regions
exceeding 50% coverage. In addition, we provide a new figure (Fig. S5) showing the spatial
distribution of coverage across HUC2 regions for both TP and PO4*", along with a supplementary
table (Table S2) reporting the coverage fraction for each HUC2 basin.

These additions highlight substantial spatial variability in coverage, with relatively high coverage
in much of the central and eastern CONUS and lower coverage in parts of the western U.S. (e.g.,



HUC?2 regions 04, 13, and 16). This information allows users to better assess where the dataset
provides more robust constraints and where interpretations should be made with greater caution.

Line 186-187: At the HUC2 scale, the derived gain and loss estimates cover 21% to 99.9% of
basin area for TP and 7% to 96.5% for PO+*", with 72% and 44% of HUC?2 basins exceeding
50% coverage, respectively (Fig. S5 and Table S2).

Table S2: Spatial coverage of riverine gain and loss estimates across HUC2 basins in the
CONUS.

huc2 TP Coverage (%) PO4* Coverage (%)
01 49.97402 4447883
02 65.59285 63.05655
03 56.0752 49.06689
04 21.04411 6.965908
05 99.90687 29.40756
06 99.92561 10.15598
07 99.53699 78.84283
08 52.10104 22.69032
09 73.67644 55.67236
10 96.71791 96.50612
11 95.08098 84.79009
12 78.60168 77.55253
13 21.96283 26.32948
14 95.96091 77.24314
15 63.45303 17.71242
16 26.84827 7.638156
17 79.66287 78.5106
18 36.0818 27.78681
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Figure S5: Spatial coverage of riverine gain and loss estimates across HUC2 basins in the
CONUS for (a) TP and (b) PO4>.

5. Editorial Issues

The abstract states "51,394 PO+*" and 285,675 TP concentration data points" — consider
rephrasing to "concentration measurements" for clarity.

Response: Thank you for this suggestion. We have revised the wording in the abstract to
“concentration measurements’ to improve clarity.

Line 16: We compiled 51,394 PO4*- and 285,675 TP concentration measurements



In Section 2.2, longitude/latitude ranges for CONUS appear reversed.

Response: Thank you for catching this error. We have corrected the longitude range in Section
2.2 accordingly.

Line 69: The CONUS (i.e., the lower 48 states of the U.S.) is located in North America from 46°
20' to 98° 34' W longitude



