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Estimating flow and transport through Arctic deltas 
with network-based modeling
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Arctic rivers influence temperature and salinity in the 
Arctic ocean
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Deltas store sediment and nutrients
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Hiatt and Passalacqua (2015)

• Deltas are leaky!
• can alter the timing, location, and 

magnitude of land-ocean fluxes that 
affect climate and marine ecosystems

• Residence time → nutrient loads 
• Sediment deposition → coastal turbidity
• Bank erosion → carbon export?

Understanding the transport pathways and flux 
distribution is essential for understanding 
behaviors at the coastal interface
• requires us to understand morphologies and 

dynamics of deltas

Connected lakes  
Mackenzie Delta



Research Question

How do Arctic deltas influence transport 
and storage of suspended sediments 
from the river to the ocean?

- implications for coastal turbidity, light 
attenuation, marine primary productivity

- may also shed light on particulate nutrient 
transport

- especially important for the small Arctic 
ocean basin where coasts are responsible 
for ~30% of primary production
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European Space Agency



How do Arctic deltas influence suspended 
sediment transport and storage?

Hines & Piliouras 
(2024, JGR-ES)



Arctic GRO measurements upstream
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Hines & 
Piliouras (2024, 
JGR-ES)



Remote sensing of delta morphology

• Landsat late summer imagery to classify land, channels, lakes

• ~Modern representative image to get channel network structure and lake coverage

Piliouras & Rowland, 2020, JGR-ES
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A network-based model for suspended sediments
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Figure 1: Example of network extraction and network-based modeling results on the Mackenzie Delta, Northwest

Territories, Canada. (a) Binary map of channel network. (b) Channel network asextracted by RivGraph showing links

in blue and nodes in red. (c) Map of water discharge partitioning using the width-based partitioning from [Tejedor

et al., 2015a,b, 2017]. Links are colored by the fraction of the total discharge they carry, and the colorbar is in a log

scale. Pink circles represent outlet nodes and are sized according to the fraction of total discharge exiting the network

at each outlet. (d) Results from network-based modeling of nitrate removal using nutrient spiraling methods. Links

are colored according to the percent of nitrate removed in each individual link, which ranges from < 0.01% (green) to

> 1% (red).

B-11

Example of binary mask and 
network of links and nodes 
on the Mackenzie delta

Extracted used RivGraph 
python package

Schwenk et al., (2020, Esurf)
Schwenk & Hariharan (2021, JOSS)
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• Direction Predicting 
Algorithms

• Width-weighted flux 
routing scheme

• Long-term steady state 
flux distribution

A network-based model for suspended sediments

downstream
upstream

more 
flow

less 
flow



A network-based model for suspended sediments
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*leakiness informed by water surface elevations from 
Mackenzie gauges



A network-based model for suspended sediments
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Hines & Piliouras (2024, JGR-ES)



Delta storage changes seasonally and varies by delta
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Hines & Piliouras (2024, JGR-ES)

1. Highest inputs 
and outputs in 
June

2. Some deltas 
store more than 
others

3. Some deltas 
may sometimes 
be sources?



Arctic deltas store 10-70% of incoming suspended sediment

13

Delta Net Storage %

Colville 60.4

Kolyma 19.5

Lena 55.1

Mackenzie 57.7

Yenisei 13.6

Yukon 64.6

Net storage depends on hydrograph, delta size, and river SSC



So what’s next?

• Network-based modeling is really 
useful for first order estimates in data 
poor environments

• New data:       SWOT

• Approach highly dependent on the 
leakiness approximation

• SWOT water surface information can 
help us determine how applicable 
and transferrable the Mackenzie-
based leakiness information is, or is 
not…
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𝓁 = 𝐼𝑓 𝐴𝑄𝑛 + 𝐵 𝑄𝑛 =
𝑄 − 𝑄𝑤𝑖𝑛𝑡𝑒𝑟
𝑄𝑚𝑎𝑥−𝑄𝑤𝑖𝑛𝑡𝑒𝑟

If = ice factor
1.2 at shore, 3.1 at inlet

A and B are constants

A, B, and If based on 
data for Mackenzie delta



Net storage depends on hydrograph, delta size, river SSC
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Deltas with longer periods of moderate discharge store the most sediment

Hines & Piliouras (2024, JGR-ES)

Mackenzie
Yukon



Net storage depends on hydrograph, delta size, river SSC

18

Larger deltas are more complex and store the most sediment

Hines & Piliouras (2024, JGR-ES)



Net storage depends on hydrograph, delta size, river SSC
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Deltas with high incoming SSC store the most sediment

Hines & Piliouras (2024, JGR-ES)



Arctic deltas store 10-70% of incoming suspended sediment
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Delta Input Flux (Mt) Output Flux (Mt) Net Storage %

Colville 5.2 2.1 60.4

Kolyma 5.9 4.8 19.5

Lena 21.3 9.6 55.1

Mackenzie 30.2 12.8 57.7

Yenisei 3.4 3.0 13.6

Yukon 48.9 17.3 64.6
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 552 

Figure 8. Portions of Landsat 8 scenes depicting the Kolyma delta on (a) May 14, 2013, (b) May 553 

21, 2013, and (c) May 30, 2013, showing the difference in location of melted ice and number of 554 

active channels between the three dates. In these images, ice and snow are cyan, open water is 555 

dark blue, and land (with no ice or snow cover) is brown. (d) Time series of water discharge for 556 

May and June 2013 for the Kolyma river at the Kolymskoye station. North arrow in (a) applies to 557 

all images. Arrow in (a-c) highlights the small channel on the western side of the delta 558 

referenced in the text.  559 

 560 

On the Kolyma delta in spring 2013, sea ice melting at the delta front was highly variable in 561 

space and appears to correspond to the discrete locations of river fluxes, suggesting a feedback 562 

between river discharge and the local melting of sea ice (Figure 8). Isolating coastal sea ice 563 

retreat to small portions of the coast decreases the length of coastline that is susceptible to coastal 564 

erosion during the spring, as the remainder of the shoreline is protected by ice cover for a longer 565 

period of time [Overeem et al., 2011; Barnhart et al., 2014]. This dynamic also limits the amount 566 

of open water near shore, which delays heating of coastal ocean waters during the spring months 567 

but also limits light availability to the coastal ocean that aids in primary production. Finally, the 568 

spatial non-uniformity of fluxes also suggests that only a portion of the delta is receiving a bulk 569 


	Slide 1
	Slide 2: Arctic rivers influence temperature and salinity in the Arctic ocean
	Slide 3: Deltas store sediment and nutrients
	Slide 4: Research Question
	Slide 5: How do Arctic deltas influence suspended sediment transport and storage?
	Slide 6: Arctic GRO measurements upstream
	Slide 7
	Slide 8: A network-based model for suspended sediments
	Slide 9: A network-based model for suspended sediments
	Slide 10: A network-based model for suspended sediments
	Slide 11: A network-based model for suspended sediments
	Slide 12: Delta storage changes seasonally and varies by delta
	Slide 13: Arctic deltas store 10-70% of incoming suspended sediment
	Slide 14: So what’s next?
	Slide 15: Acknowledgments
	Slide 16
	Slide 17: Net storage depends on hydrograph, delta size, river SSC
	Slide 18: Net storage depends on hydrograph, delta size, river SSC
	Slide 19: Net storage depends on hydrograph, delta size, river SSC
	Slide 20: Arctic deltas store 10-70% of incoming suspended sediment
	Slide 21

