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Objectives

• Non-perennial rivers account for more than half of the global river 
network, yet most watershed models assume rivers are continuously 
flowing. 

• Our goal was to bridge this gap by developing SWAT-IR and applying it to 
the Algars Basin in northeastern Spain.

• First, to address the limitations of existing SWAT models in representing 
intermittent streams. 

• Second, to develop SWAT-IR with explicit representation of flow 
intermittency. 

• Third, to evaluate DOC dynamics in the Algars Basin. 
• Finally, to improve our understanding of how hydrological disconnection 

affects carbon transport and storage. 



Objectives (problem and need)

• To understand why this is needed, let's first consider the problem 
posed by intermittent rivers:

• Non-perennial rivers alternate between flowing and non-flowing 
conditions. 

• During dry periods, river segments become disconnected, altering 
water residence time, carbon storage, and biogeochemical processes. 

• Most watershed models ignore these dynamics and assume 
continuous flow. 

• As climate change increases drought frequency, representing flow 
intermittency becomes increasingly important.



SWAT-IR model

• Builds on SWAT-C terrestrial–aquatic carbon model.

QUAL2K and CE-QUAL-W2

CENTURY and EPIC 

Our modification specifically targets intermittent river behavior.



SWAT-IR model

• The major innovation is adding a bidirectional 
stream–aquifer exchange. 

• This model improvement facilitates the simulation of 
flowing and non-flowing conditions and their 
transitions. 

• We distinguished flowing and non-flowing 
conditions using a threshold discharge of 0.001 
m3/s. 

• During non-flowing periods, DOC and dissolved 
nutrients are routed into groundwater. Particulate 
organic matter settles into sediments. No aquatic 
biogeochemical reactions occur. 

• When flow resumes, groundwater DOC returns 
through baseflow. Carbon and nutrient cycling 
processes are reactivated.



Study area and data collection 

• The Algars Basin covers 405 
km2 in northeastern Spain. 

• It experiences a 
Mediterranean climate with 
approximately 428 mm of 
annual precipitation. 

• The watershed contains: 
Forested mountainous 
headwaters and agricultural 
middle and lower reaches. 

• Strong seasonal drying 
creates an ideal testbed for 
studying intermittent river 
carbon dynamics.

Horta de Sant Joan gauging station (04A)

Batea gauging station (08A)
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Study area and data collection 

• Streamflow daily 
observations were 
monitored at two gauging 
stations spanning 2000 to 
2020. 

• Flow intermittency was 
monitored using 14 stage 
recorders between 2018 
and 2020. 

• DOC observations came 
from four seasonal 
campaigns: Autumn 2018, 
Winter 2019, Spring 2019, 
Summer 2019.

• About 50 DOC 
observations were used for 
calibration.

Horta de Sant Joan gauging station (04A)

Batea gauging station (08A)
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Results & discussions

• Streamflow performance was 
generally satisfactory. 

• The NSE and R² were above 0.5. 

• The model captured seasonal flow 
patterns and intermittency 
reasonably well. 

• However, peak flows were 
underestimated, particularly at 
the downstream Batea station. 

• This is mainly because 
Mediterranean basins experience 
flash floods that are difficult to 
simulate using daily precipitation 
inputs. Observed and simulated daily streamflow (m3/s) in the Algars 

basin (2006-2020), from a) Horta de Sant Joan gauging station 
and b) Batea gauging station. The green band represents the 
95% predictive uncertainty band (95PPU).

Station p-factor r-factor NSE R2 PBIAS (%)

Batea (08A) 0.85 0.33 0.56 0.58 -54

Horta de Sant Joan (04A) 0.72 0.23 0.45 0.51 -11.3

(a) Horta de Sant Joan gauging station (04A)

(b) Batea gauging station (08A)



Results & discussions

• The model achieved an R² of 0.31 
using 50 DOC observations. 

• Although scatter is considerable, 
SWAT-IR successfully reproduced 
basin-scale DOC patterns. 

• The main bias is the underestimation 
of high DOC concentrations. 

• This is caused by several reasons: 
limited observations, streamflow 
underestimation, and simplified 
representation of isolated pools.

R² = 0.31 (n=50) 

Simulated versus observed DOC concentrations (mg/L) for the 
14 sampling sites during the 4 seasonal campaigns. The blue 
line represents the linear regression fit, and the shaded area 
indicates the 95% confidence interval.



Results & discussions

• During spring and autumn, most of the 
network is connected and DOC 
concentrations increase downstream. 

• During summer, many reaches become 
disconnected. SWAT-IR predicts lower DOC 
concentrations in dry segments and 
greater spatial heterogeneity across the 
network. 

• The results highlight that hydrological 
connectivity strongly controls carbon 
transport.

Spatial distribution of mean monthly DOC concentrations 
in the Algars Basin from 2006–2020 simulated by SWAT-IR.



Results & discussions

• Comparing wet and dry years reveals 
major differences. 

• During dry years, DOC concentrations 
increase, spatial heterogeneity 
increases, and variability increases 
dramatically. 

• Some reaches exhibit coefficients of 
variation greater than 10. 

• The results show that drought creates 
localized carbon hotspots and 
disconnected river segments.

Spatial distribution of mean annual DOC concentrations (a, c) 
and corresponding coefficients of variation (b, d) in a wet year 
and a dry year. 



Results & discussions

• Each violin plot represents the 
distribution of daily DOC 
concentrations for a given year.

• Years with many non-flow days shift 
toward higher DOC concentrations 
and wider distributions. 

• This indicates greater variability and 
stronger carbon accumulation during 
dry years. 

• More drying does not necessarily 
mean less DOC concentration. Interannual variation of simulated daily DOC concentrations 

(mg/L) in the Algars basin from 2006 to 2020. Each dot 
represents the average daily DOC concentration for a given day. 
The black dotted line indicates the overall mean DOC 
concentration for the study period (1.15 mg/L). 



Results & discussions

• This figure may seem contradictory. 

• Dry years have higher DOC 
concentrations, but lower DOC 
export. 

• The reason is simple: Load = 
Concentration × Flow. 

• Although DOC concentrations 
increase, streamflow decreases 
substantially. 

• Therefore, annual DOC export 
declines as non-flow days increase. 

• The results show that flow 
intermittency decreases basin-scale 
carbon export. Mean annual simulated DOC load (kg/yr) (blue bars) and the 

mean annual total number of non-flow days (orange line) for 
the simulated period (2006-2020) in the Algars basin. 



Conclusions

• Flow intermittency is a first-order control on carbon dynamics.

• Hydrological disconnection promotes carbon accumulation and 
spatial heterogeneity. 

• Climate-driven drying is likely to alter riverine carbon cycling. 

• SWAT-IR provides a new framework for watershed-scale assessment 
of intermittent rivers.



Conclusions

• Several limitations remain:

1. First, DOC observations are sparse. 

2. Second, isolated pools are not explicitly represented. 

3. Third, peak flows and high DOC concentrations tend to be underestimated. 

• Future development could include: 

1. Explicit isolated-pool dynamics, 

2. POC transport and storage, 

3. CO₂ outgassing, 

4. Algal carbon dynamics, 

5. and Integration into the SWAT+ framework. 

• Final Take-home Message: Incorporating flow intermittency is essential for realistic simulation of 
carbon cycling in non-perennial rivers, and SWAT-IR provides one of the first watershed-scale 
approaches to accomplish this.
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