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Introduction This supporting information includes additional details on the extra dissi-

pation contributed by secondary circulation.
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Text S1. Extra energy loss associated with secondary circulation

The energy loss associated with secondary circulation includes two parts: additional

bottom dissipation due to lateral velocity and the enhanced bed shear stress, and increased

internal frictional loss associated with lateral shear. The total energy dissipation and the

energy loss due to lateral circulation are calculated in section 3.4. The total dissipation

εt is same as the right side of equation (5).

εtAb =

∫
Ab

~ub · ~τbdA+

∫
V

ρ0KV

[(
∂u

∂z

)2

+

(
∂v

∂z

)2
]

dV, (S1)

where we have dropped the horizontal dissipation term as it is negligible (section 3.4).

The control volume V with bottom area Ab is built on slices across the channel, and the

energy dissipation is calculated as depth-integrated and laterally-averaged result. ~ub and

~τb are vectors of the bottom velocity and bottom shear stress. u is the along-channel

velocity and v is the lateral velocity. KV is the vertical viscosity. Likewise, εl — the

dissipation contributed by lateral circulation — is calculated as

εlAb =

∫
Ab

vbτbldA+

∫
V

ρ0KV

(
∂v

∂z

)2

dV. (S2)

vb is the lateral bottom velocity and τbl is the lateral component of bottom shear stress.

The terms in equation (S2) are also contained in equation (S1). The calculation is based on

the average over two tidal cycles. We converted the energy dissipation to a corresponding

drag coefficient CD,energy (Figure S1) by using

ε = ρ0CD,energyU
3 (S3)

with U being the cross-sectionally averaged along-channel velocity. CD,energy represents

the corresponding energy loss at each cross-section along the channel.
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The drag coefficient in Figure S1 is consistent with the drag coefficient from the mo-

mentum balance (Figure 2), because the energy loss and momentum loss are correlated.

In the straight channel, the energy loss associated with lateral circulation is almost zero

because lateral circulation is weak without the channel curvature effect. In the sinuous

channel, the energy loss associated with lateral circulation generally accounts for 10−20%

of the total energy dissipation. By comparing the lateral circulation energy loss in the

sinuous channel with the total energy loss in the straight channel, the maximum drag

increase contributed by secondary circulation is about 30%. The 30% increase appears at

the seaward bends, where form drag is also largest. In the shallower landward bends where

flow separation is weaker, the drag increase due to secondary circulation is also smaller.

Therefore, secondary circulation is a less dominant source of increased drag compared to

that of flow separation in these relatively sharp bend models (section 3.4).
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Figure S1. Total energy dissipation and the lateral contribution. Red lines represent the

sinuous model and black lines represent the straight model. Solid lines are the total energy

dissipation and dashed lines are the energy loss due to lateral circulation. The energy loss is

converted to a corresponding drag coefficient. The results are smoothed over the bend scale.
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