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This report is about the methods for prescribing river runo� in the Nucleus for European

Modelling of the Ocean1 (NEMO, Madec and the NEMO team, 2012) model.

In the NEMO ocean model as in most global circulation models, river runo�s used to be

inserted on the top grid cells for precipitation. To better represent the reality of rivers where

the fresh water �ux has a nonzero depth, the vertical mixing is usually increased at the river

mouth vicinity. From version 3.3 onwards it is possible to add river runo�s through many ocean

levels. This new method has been coded and tested by R. Furner (U.K. Met Office). In

this report, we will present how this new method is implemented and how to use it, then we

will compare it with the classical top grid cell implementation method. The con�guration on

which is based the comparison has been developed by Vic et al. (2012) in the framework for

studying the dynamics of the Congo river plume in the Gulf of Guinea. We do not deliberately

detail the parameters of this con�guration nore the dynamics of the plume to concentrate on

the numerical aspects. Please refer to Vic et al. (2012) and to the namelist of the con�guration

in appendix A to get more details on the con�guration and the dynamics.

1 Brief description of the method

1.1 How it works ?

TheMet Office method of runo� implementation di�ers from the classical surface-prescribed

runo� method by the fact that freshwater is prescribed on several layers on the vertical. This

results in adding a mass of freshwater (zero-salinity by default but it can be parameterized)

in each grid cell concerned by the runo� prescription. According to routine sbc_rnf_div, it

enters the mass conservation equation this way :

∂

∂t
~∇ · ~V = − 1

ρwaterhRNF

RNF + RNFb

2

where ~V is the velocity, ρwater the reference volumic mass of freshwater, hRNF the depth on

which runo�s are prescribed and RNF (and RNF_b, b for before) is the mass of freshwater

entering the grid cell section every second :

RNF =
ρwaterQ∑n

i=1 Sgrid cell i
(kg/m2/s)

where n is the number of grid cells where the runo�s are prescribed and Sgrid cell i is the surface

of the ith grid cell.

According to the �rst equation, the same quantity of freshwater enters each grid cell along

the vertical, generating a pressure gradient and horizontal velocities at every level as illustrated

in �gure 1 (this certainly consists in the major di�erence with the surface prescription where

1http://www.nemo-ocean.eu
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pressure gradient is only induced in the surface layer. . .We will con�rm this in carrying out

experiments later). Because of the varying size of the grid cells along the vertical, the pressure

gradient is most important in the surface layers and velocities generated too.

Figure 1: Schematic of theMet Office method of multi-layer runo�s prescription. As suggested in the varying
length of the arrows and in the gradient blue color of the cells, pressure induced by the freshwater �ux and
resulting velocities are more important at the surface.

1.2 How to use it ?

1.2.1 Namelist parameters

To prescribe the runo�s on multiple layers, one should set the namelist parameters this way

(important parameters in red) :

!-----------------------------------------------------------------------

&namsbc_rnf ! runoffs namelist surface boundary condition

!-----------------------------------------------------------------------

! ! file name ! frequency (hours) ! variable ! time interp. ! clim ! 'yearly'/ ! weights ! rotation !

! ! ! (if <0 months) ! name ! (logical) ! (T/F) ! 'monthly' ! filename ! pairing !

sn_rnf = 'runoff', -1 , 'sorunoff', .true. , .true. , 'yearly' , '' , ''

sn_cnf = 'runoff', 0 , 'socoefr', .false. , .true. , 'yearly' , '' , ''

sn_s_rnf = 'runoffs' , -1 , 'rosaline', .true. , .true. , 'yearly' , '' , ''

sn_t_rnf = 'runoffs' , -1 , 'rotemper', .true. , .true. , 'yearly' , '' , ''

sn_dep_rnf = 'runoffs' , 0 , 'rodepth' , .false. , .true. , 'yearly' , '' , ''

cn_dir = './' ! root directory for the location of the runoff files

ln_rnf_emp = .false. ! runoffs included into precipitation field (T) or into a file (F)

ln_rnf_mouth = .false. ! specific treatment at rivers mouths

rn_hrnf = 10.e0 ! depth over which enhanced vertical mixing is used

rn_avt_rnf = 1.e-4 ! value of the additional vertical mixing coef. [m2/s]

rn_rfact = 1.e0 ! multiplicative factor for runoff

ln_rnf_depth = .true. ! read in depth information for runoff

ln_rnf_tem = .true. ! read in temperature information for runoff
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ln_rnf_sal = .true. ! read in salinity information for runoff

The speci�c treatment at rivers mouths must not be activated, because it could increase

the vertical mixing (vertical mixing coe�cient rn_avt_rnf to a depth of rn_hrnf) on layers

where the fresh water �ux is already prescribed. When using simultaneaously ln_rnf_mouth =

.true. and one of ln_rnf_depth/ln_rnf_tem/ln_rnf_sal = .true., one will get a warning

in the ocean.output.

1.2.2 Input �les

The method requires 4 input variables basically divided into 2 �les :

• runoff.nc contains the variable sorunoff which contains the mass of fresh water per

unity of surface per second at each point of the domain grid (sorunoff in kg/m2/s). It
can have a time-dependancy in hours (or it can be speci�ed monthly if the parameter is

negative), speci�ed in the namelist.

• runoffs.nc contains the variables :

1. rosaline is the salinity of the river runo� at each grid point. It is constant along

the depth but can vary horizontally. If not speci�ed, salinity is assumed to be fresh

water (0 PSU).

2. rotemper is the temperature of the river runo� at each grid point. It is constant

along the depth but can vary horizontally. It not speci�ed, temperature takes the

SST value at each grid point along the depth.

3. rodepth is the depth on which river runo� is prescribed. For the computation, it is

adjusted to the bottom of the relevant grid box.

2 Comparison with the top grid cell implementation

To investigate the di�erences between the two methods, we use a 1/48◦ resolution idealized

con�guration based on the Congo river parameters (Vic et al., 2012); the namelist is provided

in appendix A. The domain and bathymetry are shown on �gure 2. The ocean is at rest

and presents a constant salinity at each point of 35.5 PSU, and a homogenenous pro�le of

temperature representative of the Congo estuary vicinity (based on Levitus data). There is no

forcing except the Congo runo� (no wind stress, no boundary �ux, . . . ). The rate of �ow Q is

taken constant of 40000 m3/s (mean climatological value). Runo�s RNF are prescribed on the

half upstream part of the waterway (cf �gure 3) and its value is constant on the domain (see

section 1 to calculate RNF).

We have carried out three basic experiments to compare the two methods :
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Figure 2: Domain and bathymetry of the idealized con�guration. The Congo river estuary is represented as a
zonal waterway at 6�S. The bathymetry is extremely simpli�ed and has two levels : the waterway is at 30m
depth and the ocean domain is at 2000m.

Figure 3: Schematic of the waterway and the runo� prescription area for (a) a plan view and (b) a section view.
The Met Office method allows to select several vertical levels. The waterway is 3 grid points wide in the
prescription area and widens to 9 grid points at the river mouth to better represent the Congo mouth, see Vic
et al. (2012) for further information.

1. First experiment : runo�s prescribed on the �rst layer in the Met Office method must

be compared with runo�s prescribed at the surface with the classical method. Both

should give a thin layer of freshwater lying on the lower part of the ocean at rest.

2. Second experiment : runo�s prescribed on the �rst 10m depth in theMet Officemethod

must be compared with runo�s prescribed at the surface with increased vertical mixing

Kz = 1m2/s (value used to simulate convection) on 10m. We expect the two methods to
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give a uniform strati�cation on the prescribed area.

3. Third experiment : to be closest to realistic con�gurations where there is usually no

waterway, runo�s are prescribed on a con�guration with a straight coastline and no

waterway, on a more or less symmetrical area around the coordinates of the river mouth.

2.1 First experiment

The �rst experiment con�rms that the two methods are exactly the same in the case of a surface

prescription for the multi-layer method. We do not show the �gures because the salinity and

velocity �elds are namely the same.

We now expect the two methods to give di�erent results for a deeper prescription.

2.2 Second experiment

The multi-layer prescription brings freshwater directly in the subsurface layers whereas in the

surface layer prescription, increased vertical mixing coe�cient tends to freshen these layers.

Figure 4: Sea surface salinity and surface velocity at 30 days for (a) runo�s prescribed on the �rst 10m (multiple
ocean layers) and (b) runo�s prescribed at the surface and vertical mixing Kz is increased dramatically to 1m2/s
in the �rst 10m. (c) is the di�erence between frame (a) and (b).

Figure 4 shows the sea surface salinity (SSS) and surface velocity for the two simulations

at 30 days. Even if the SSS in the estuary reaches smaller values when runo� are prescribed on

multiple layers (minimum of 1.0 PSU) than in the other case (minimum of 3.2 PSU), it does

not seem to a�ect the velocity �eld in the ocean. Both methods show a classical anticyclonic

circulation and a steady coastal current in the way of propagation of Kelvin waves (leaving the

coast to the left because the experiment takes place in the southern hemisphere).
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Figure 5: Salinity sections along the waterway at 30 days for (a) runo�s prescribed on the �rst 10m (multiple
ocean layers) and (b) runo�s prescribed at the surface and vertical mixing Kz is increased dramatically to 1m2/s
in the �rst 10m. The white line represents isohaline 35.4 PSU which is the limit of in�uence of fresh water. (c)
is the di�erence between frame (a) and (b).

Figure 5 shows the salinity sections through the waterway at 30 days of simulation. The

major di�erence concerns the area where the runo�s are prescribed : the increased vertical

mixing (panel (b)) seems to be more �powerful� in homogenizing the water column on the

�rst 10m than the runo�s prescription on multiple layers. The salinity increases smoothly in

the multi-layer prescription, which is maybe more representative of the real strati�cation of

estuaries. The salinity pro�les in the basin do not present any stricking di�erence with each

other. The in�uence of freshwater is represented by isohaline 35.4 PSU, and has the same shape

in both cases. We could explain this by the fact that in the downstream part of the waterway

the buoyancy adjustment is made rapidely : fresher waters reach the surface and the more

common vertical di�usion (∝ 10−5 m2/s) tends to stabilize the �ux. In the end, the di�erence

between the two salinity �elds vanishes along the waterway (panel (c)) and the salinity pro�les

are equivalent at the river mouth.

Doing the same experiment with a more classical vertical di�usion coe�cient (10−4 m2/s)
at the river mouth (speci�c treatment) for the surface prescription gives similar results. Fur-

thermore, it seems to be possible to get the same strati�cation and velocity �elds in adjusting

this coe�cient.

2.3 Third experiment

The third experiment tests the methods in a more realistic case (without a waterway like in

former academic shemes). The runo�s are prescribed on an area centered on the position of the

river mouth (6�00'S ; 11�45'E), on 10m for the multi-layers method and at the surface method

with increased Kz = 10−4 m2/s in the other method.
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2.3.1 Runo�s prescribed on a large area

Like in former experiments, in order to keep the same order of magnitude of the RNF value

and to generate comparable velocities, runo�s are prescribed on 101 grid cells.

Figure 6: Sea surface salinity and surface velocity at 30 days for (a) runo�s prescribed on the �rst 10m (multiple
ocean layers) and (b) runo�s prescribed at the surface and vertical mixing Kz is increased to 10−4m2/s in the
�rst 10m. (c) is the di�erence between frame (a) and (b).

The �rst comment that comes from the comparison of �gures 4 and 6 is that the presence

of the waterway does not a�ect dramatically the shape of the dynamics. We still have the

anticyclonic circulation and the coastal current. Nonetheless, small di�erences concern the

cross-shore extent compared with the width of the coastal current : on the one hand, the

waterway controls the �ux which suddenly reaches the basin at rest and preferentially goes

o�shore following its former direction and then is de�ected to the left by the Coriolis force.

On the other hand, with no waterway, the �ux seems to spread more isotropically in all the

directions (not preferentially to the o�shore direction).

The most stricking di�erence is about the SSS : the two methods present a di�erence which

is maximum at the bulge core and reaches 10 PSU (panel (c) of �gure 6). According to �gure

7 di�erences are con�ned to the prescription area and in the �rst 3 m, then they vanish with

the �ow. The multi-layer prescription actually better distribute the amount of freshwater with

depth and it results a less desalinated water at the surface.

The other major di�erence concerns the variation of velocity (and salinity) with the depth.

It derives from the fact that the multi-layer prescription brings a mass of water in every layer

of the column until 10m, so that a pressure gradient is created in each layer. As a consequence,

velocities are properly induced in each layer and the vertical shear is less important than with

the surface layer prescription : we can see it in �gure 8 where the velocity �eld at 5m depth is

less attenuated in the multi-layer prescription (panel (a)) than in the surface layer prescription
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Figure 7: Salinity section at 6�S (runo�s are prescribed symmetrically along this axis) at 30 days for (a) runo�s
prescribed on the �rst 10m (multiple ocean layers) and (b) runo�s prescribed at the surface and vertical mixing
Kz is increased to 10−4 m2/s in the �rst 10m. The white line represents isohaline 35.4 PSU which is the limit
of in�uence of fresh water. (c) is the di�erence between frame (a) and (b).

(panel (b)), compared to the surface velocity �eld. The di�erence of velocity between the two

methods even reaches 10 cm/s in the bulge circulation (panel (c)).

Figure 8: Salinity and velocity at 30 days at 5m depth for (a) runo�s prescribed on the �rst 10m (multiple
ocean layers) and (b) runo�s prescribed at the surface and vertical mixing Kz is increased to 10−4m2/s in the
�rst 10m. (c) is the di�erence between frame (a) and (b).

2.3.2 Runo�s prescribed on a few grid cells

In order to avoid prescription on ocean grid cells where there is no physical reason to bring

freshwater (as we did in the former case with 101 grid cells a�ected by the prescription2),

2which represent a surface of ≈ 500 km2
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we con�ne the prescription on a small patch around the river mouth (here we take 6 points).

Therefore, the value of RNF is increasing by two orders of magnitude (≈ 1 kg/m2/s). Simula-
tion with surface prescription aborted quickly as salinity could not be evacuated in the deeper

layers and reached negative values.

Figure 9: Sea surface salinity and surface velocity at 30 days for (a) runo�s prescribed on the �rst 10m (multiple
ocean layers) and (b) runo�s prescribed at the surface and vertical mixing Kz is increased to 10−4m2/s in the
�rst 10m. (c) is the di�erence between frame (a) and (b). In case (b), the simulation aborts quickly as salinity
becomes negative.

Figure 9 must be compared with �gures 6 and 4. The dynamics of the surface layer seems

to be closer to the one generated with the waterway than to the one without waterway with

prescription on a large area. In fact, the anticyclonic bulge is less distorted to the coast

and velocities are more comparable with a maximum value of 1.4 m/s at the river mouth and

velocities in the bulge of 25 cm/s and of 20 cm/s in the coastal current. Moreover, the minimum

of salinity reached at the river mouth is closer (≈ 9 PSU).
Salinity section in this case (Figure 10) di�ers from the usual ones (e.g. �gure 7) by the

depth reached by fresh water. The depth of isohaline 35.4 PSU only reaches 15 m whereas it

goes deeper than 20 m in the waterwayless reference case.

2.3.3 Comparison with the waterway prescription

The two experiments carried out in the waterwayless cases must be compared with the waterway

case in order to observe which type of patch (≈ 100 points-prescription one or ≈ 1 point-

prescription one) best �ts with the reality. As we described sooner, the shape of the plume is

more realistic in the 6-point-prescription experiment than in the large patch prescription one

as illustrated in �gure 11.

In terms of dynamics and salinity repartition, di�erences are minimum with the small patch

prescription (panels (c) and (f)). The major di�erences concern the recirculation formed just
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Figure 10: Salinity section at 6�S at 30 days for (a) runo�s prescribed on the �rst 10m (multiple ocean layers)
and (b) runo�s prescribed at the surface and vertical mixing Kz is increased to 10−4 m2/s in the �rst 10m.
The white line represents isohaline 35.4 PSU which is the limit of in�uence of fresh water. (c) is the di�erence
between frame (a) and (b). In case (b), the simulation aborts quickly as salinity becomes negative.

below the river mouth : it is more pronounced in the waterway prescription than in the patches

ones. Nevertheless, it a�ects only the vicinity of the river mouth and di�erences of velocity

vanish as we reach the frontier of the bulge.

Considering the strati�cation, it seems to be qualitatively the same, and it is di�cult to

say which one is better because it certainly depends on the river represented, and a comparison

should be done with the observations to determine which pro�le of salinity best �ts.

2.4 Remark on the temperature

We also did experiments on temperature but without precise sensibility tests. The e�ect ob-

served is that decreasing the freshwater temperature (as it happens in reality where freshwater

is often colder than the ocean) increases its density and tends to reduce the density gradient

and the velocities induced.
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Figure 11: Salinity and velocity at 30 days at 5m depth for runo�s prescribed on multilayer (10 m) : without
waterway on 101 grid cells (a) and 6 grid cells (d), with waterway (b)≡(e). (c) is the di�erence between frames
(a) and (b). (f) is the di�erence between frames (d) and (e).
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3 What should we remember about this new method ?

The Met Office method aims to prescribe runo�s on several vertical levels to be more

realistic concerning rivers out�ows as they usually enter ocean with a non-zero depth.

• The main di�erence with the surface prescription is that a pressure gradient is in-

volved in each layer so that velocities are generated at each level.

• Concerning the strati�cation, one can obtain the same values of salinity along with

the depth in the surface prescription method by tuning vertical mixing coe�cient

(from 10−4 m2/s as with the original speci�c treatment at river mouth, to 1 m2/s
to get a constant salinity along with the depth). Nonetheless, even if the result

is the same for the salinity strati�cation, the fact that we do not need to increase

dramatically Kz is a gain in terms of representation of a more realistic physics.

• The most important breakthrough is that runo�s can be prescribed on a minimum

number of grid cells, as freshwater is evacuated easier. As a result, one can divide

by two orders of magnitude the number of grid cells in comparison with the surface

prescription. It enables not to enhance vertical mixing as it was the case but for

no other physical reason than homogenizing freshwater �ux along with the depth,

so that we can say that the new method is more physical. Furthermore, we obtain

better results in terms of dynamics with smaller patches.
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