














Extended DataFig. 8| Representative field photos of the Koyukuk River ofachannel (pointbar) isaccretionary, whereasits outer bend (cut bank) is
near Huslia (65.689°N,156.381° W). a, Scroll bars are arcuate traces of the erosional.c, Azoom-inonan erosional permafrost cut bank.
river’s former positionrecorded in the floodplainlandscape. b, The inner bend
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Extended DataFig. 9 |Spatial patterns of riverbank erosion on the Koyukuk
River. This figureis similarto Fig. 1but it shows the river migrationrateasa
function of both the local normalized river curvature (W/R, in which Wis the
river width (m) and Ris the local radius of curvature of the channel (m)) (e-g)
and thelag-adjusted normalized curvature, which is given by equation (26)
(h-1). Note that the migration rate saturates at high values of local curvature
inc-f,giving the curvature versus migration rate curves asigmoidal shape. By
contrast, the migrationrateisalinear function of the lag-adjusted normalized

Lag-adjusted normalized curvature

Lag-adjusted normalized curvature Lag-adjusted normalized curvature

curvature®. Notice that the y-axis scale in kandlis two times the scale in h-j.

In other words, after the confluence of the two threads of the Koyukuk River
atthelocationindicated by the black arrowinb, the curvature-normalized
migrationrate increases by afactor of2. AsinFig.1, the migrationrates were
measured by applying our sub-pixel of fset algorithm to a pair of Sentinel-2
images from 30 August 2016 and 13 July 2022. Here, as in Fig. 1, we quantify the
migration rate using the displacement observed on the erosional side of theriver
(seeFig.1le).
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Extended DataFig.10 | Field validation of the near-surface permafrost
map. a, Probability of near-surface (<1 m depth) permafrost estimated by
Pastick etal.>. b, Zoom-in to our area of field observations, in which we
collected n =176 permafrost probe measurementsinjuly 2018 (n=137),June
2022 (n=2)and October 2022 (n =37).Blue dots indicate permafrost detected
andred dotsindicate no permafrost detected. ¢, Acomparison between our
permafrost ground-truth observations (b) and the permafrost probability
estimates from Pastick et al.* (an Alaska-wide permafrost map, calibrated
using n=16,786 statewide observations of near-surface permafrost, but no
observationsintheregionshowninb).d, We explore the accuracy of the
Pastick et al.*? permafrost map for the Koyukuk region based onapplying a
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simple classification threshold (that is, classifying all pixels with areported
permafrost probability below the threshold as not permafrost and all pixels
withareported permafrost probability above the threshold as permafrost).
We sweep through all possible threshold values, from 0% to 100%, and
compute the true positive and true negative rates, as well as the total accuracy.
e, Thethreshold value of 40% yields the highest total classificationaccuracy.
Thetrue-negative, false-negative, false-positive and true-positive values for
this classification are shownin the confusion matrix in e. The satellite imagery
inbis from Bing Maps Aerial, reprinted with permission from Microsoft
Corporation.
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Extended Data Table 1| Physical constants and parameters used for equations (3)-(6)

[ Variable | Description Value Units Source
PHYSICAL CONSTANTS AND LITERATURE VALUES
Pb Bulk density of bank sediment 861 kg m™3 Lininger et al. (2019)
Tie Mass fraction of ice in bank sediment 0.236 kg kg™?! Lininger et al. (2019)
T; Initial bank temperature -1 °%c Smith et al. (2022)
Ty Fusion temperature for water ice 0 °C
cp Heat capacity for bank sediment 3300 Jkg~tec?
Lice Latent heat of fusion for ice 3.34x10° J kg™!
« Exponent on Pr in thaw model 0.333 dimensionless | Lunardini et al. (1986)
B Exponent on Re in thaw model 0.927 dimensionless | Lunardini et al. (1986)
Kw Thermal conductivity of water 0.6 Wm~!°c~?!
v Kinematic viscosity of water 1.00 x 1076 m? s71
Pr Prandtl number 10 dimensionless Costard et al. (2003)
g Gravitational acceleration 9.81 m s~ ?
Pw Density of water 1000 kg m™3
n Exponent in entrainment equation 1 dimensionless Partheniades (1965)
M Coefficient in entrainment equation 2.5 x107° kg m~2 s~1 Partheniades (1965)
Terit Critical shear stress required to entrain bank sediment 10°-10% Pa Dunne et al. (2020)
Cy Friction coefficient for flow-resistance equation (eqn. 9) 5x 1073 dimensionless Phillips et al. (2022)
VALUES OPTIMIZED TO MATCH THE OBSERVED ANNUAL-AVERAGED EROSION RATES
A [thaw] Coefficient in thaw equation 3.2 x 10~ %% | dimensionless This study
M [entrainment] Coefficient in entrainment equation 1.1 x 10™4 kg m~2s7?! This study
Terit [entrainment] Critical shear stress required to entrain bank sediment 3.5 Pa This study
A [combined] Coefficient in thaw equation 3.6 x 10722 | dimensionless This study
M [combined] Coefficient in entrainment equation 7.5 x 1073 kgm~2s7! This study
Terit [combined] Critical shear stress required to entrain bank sediment 4.0 Pa This study

Note that the parameters A, M and 1., are poorly constrained from the existing literature. In Extended Data Fig. 4i-k, we perform an optimization, allowing A, M and T, to adopt the values such
that the estimated annual erosion over the period 2017-2021 best matches the observations for the Koyukuk River (Extended Data Fig. 4l). The thaw-limited model has the free parameter {A}, the
entrainment-limited model has the free parameters {M, 7.} and the combined model has all three free parameters {A, M and t,,;;}. Note that the improvement in the goodness of fit (quantified
through R?) from Extended Data Fig. 4i to Extended Data Fig. 4k could simply represent the increase in the number of tunable parameters from one (thaw-only) to two (entrainment-only) to three
(combined thaw and entrainment). To try to address this effect arising from the change in the number of model parameters, we also compute the adjusted R? value (see equation (15)), which

includes a penalty for models with more parameters. Sources: refs. 9,15,27,37,38,74,75.






