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Motivation: Long-term nutrient trend analyses have largely focused on major rivers within the Mississippi–Atchafalaya River Basin, supported by decades of discharge and water-quality data from U.S. Geological 
Survey monitoring stations. These sites are commonly located on medium to large watersheds, while agricultural headwater watersheds — where a substantial fraction of nutrient mobilization and downstream delivery begins 
— remain sparsely monitored. Because sustained streamflow observations are rarely available at this scale, evaluating historical trajectories and identifying management responses often requires reconstructing or predicting 
discharge rather than measuring it directly. Consequently, nutrient dynamics in small watersheds remain insufficiently resolved. Advancing our understanding of long-term trends in headwaters, therefore, depends on 
integrating flow reconstruction with water-quality analyses, particularly in regions dominated by agricultural nitrogen export.

Background
Agricultural watersheds are major contributors of nitrogen to 
downstream river networks, where export is strongly controlled by 
hydrologic variability, tile drainage, and event-driven transport. 
Climate, land management, and fertilizer practices interact to 
determine long-term patterns in both concentration and load. 
Modern trend frameworks (e.g., WRTDS) help disentangle 
hydrologic from management influences, and recent studies have 
linked declining nitrate trajectories in agricultural basins to 
improved practices. However, these approaches require reliable 
discharge data to define concentration–flow relationships and 
account for interannual variability. Because streamflow information 
is often sparse or absent in headwaters, applying such methods 
remains difficult, limiting our ability to translate local management 
into measurable water-quality outcomes.

Reconstructing Historical Streamflow WRTDS
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Objectives
The goal of this poster is to evaluate long-term nitrate dynamics in a 
nested agricultural system with mixed gaged and ungauged 
conditions. Specifically, we aim to:
➢ Reconstruct historical streamflow in ungauged portions of the 

watershed by applying Prediction in Ungauged Basins (PUB) 
approaches within a nested system that includes one reference 
gauge.

➢ Quantify nitrate trends from 2000 to 2024 using five-year 
evaluation windows under the Weighted Regressions on Time, 
Discharge, and Season (WRTDS) framework.

Nested Watershed

➢ PUB is highly used in reconstructing the historical streamflow of 
ungauged basins. However, there is no strict rule for how to do it, 
given the complexity of the prediction due to basin characteristics. 

➢ For instance, one of the most commonly used ways is hydrological 
conceptual rainfall-runoff models (e.g., HBV-96), which work as 
different box-storages interacting with each other. 

➢ Another way do PUB specifically in a nested setup, less used due to 
reliable observed data availability, is through empirical regression 
based on observed streamflow data.

➢ We applied an empirical transfer approach based on the strong long-
term coherence in nitrate concentrations between UER and BLS. 
Despite limited overlapping discharge data, the nested 
configuration, similar land use, and closeness support a defensible 
reconstruction of historical streamflow.

BLS PUB

➢ Weighted Regressions on Time, Discharge, and Season; estimates 
water-quality trends by modeling concentration as a smooth 
function of time, streamflow, and seasonal variability using locally 
weighted regressions within a moving window, using the following 
equation. 

ln 𝐶 = 𝛽0 + 𝛽1𝑡 + 𝛽2ln 𝑄 + 𝛽3sin 2𝜋𝑡 + 𝛽4cos 2𝜋𝑡 + 𝜀

➢ Flow-normalization can then be applied to interpret trends under 
different discharge assumptions.
➢ SFN removes random year-to-year variability while retaining long-

term changes in the flow regime.
➢ GFN removes both random variability and systematic shifts in 

discharge, highlighting signals more closely associated with 
management or source changes.

Model Prediction

WRTDS Results

Key Findings

The empirical transfer approach outperformed HBV-96 in predicting 
streamflow. However, the HBV-96 calibration relied on only 14 months of 
input data; therefore, substantial uncertainty should be assumed.

• Two nested agricultural watersheds 
are evaluated: The headwater Black 
Slough (BLS) and the Upper 
Embarras River (UER). BLS (28 km²) 
represents approximately 6% of the 
UER drainage area (482 km²).

➢ Both watersheds exhibit similar land use conditions with a 
long-term water quality data.

➢ UER (USGS-03343400) has more than 30 years of continuous 
discharge data, whereas BLS (USGS=03343350)  since late 
2023. 
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00-04 3.11 2.86 0.25 1.10 1.12 0.02
05-09 6.97 6.90 0.08 2.72 2.60 0.12
10-14 1.12 0.81 0.31 0.00 1.00 1.00
15-19 13.11 13.17 0.06 12.42 12.34 0.08
20-24 17.74 17.65 0.09 9.09 8.95 0.14
00-25 40.40 39.91 0.48 24.41 23.52 0.89

UER BLS
WY Period T. Change MC QC T. Change MC QC

% % % % % %
00-04 3.02 3.07 0.05 6.71 6.61 0.10
05-09 3.24 3.29 0.06 4.75 4.80 0.06
10-14 0.31 3.86 3.56 1.80 5.48 3.68
15-19 12.73 12.81 0.08 8.04 7.96 0.08
20-24 13.47 13.37 0.10 4.16 3.87 0.29
00-25 31.63 29.14 2.49 21.18 17.91 3.28

Fig.1 Nested agricultural watersheds. Right-hand-side weekly 
water quality data from 2000 to 2025

Fig.4 Streamflow prediction; (a) Streamflow comparison between observed and simulated for BLS; (b) Historical BLS Streamflow 
reconstruction; (c) Model Calibration for BLS R2=0.8, RSME = 4.88 cfs; (d) Observed vs simulated BLS using HBV-96 rainfall-runoff 
model R2= 0.48, KGE = 0.31. 
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Fig.2 Empirical transfer approach-based model workflow. 
Fig.3 UER and BLS streamflow; (a) Observed 
streamflow; (b) Best regression between BLS and 
UER after lag-time.  

➢ The empirical streamflow transfer model approach demonstrates 
strong predictive skill relative to observed data (R² = 0.80; RMSE = 
4.88 cfs), although further refinement is ongoing.

➢ WRTDS results mostly indicate a dominant decreasing trend in both 
BLS and UER, with broadly consistent temporal patterns and similar 
trend components across the nested system.

➢ Most declines in concentration are primarily associated with non-
hydrologic influences (anthropogenic), whereas hydrologic variability 
tends to drive increases in loads, highlighting the dominant role of 
wet and dry years in regulating nutrient export from agricultural 
headwaters.

(d)

Fig.5 WRTDS modeling results. Left panel: UER and BLS mean concentration. Right panel: UER and BLS annual loads.  

Table 1. WRTDS GFN and SFN component attribution trends for concentration Table 2. WRTDS GFN and SFN component attribution trends for loads  
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