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Supersaturated soil

• What is a supersaturated soil?

Figure 5.1. Distribution 

of solids and pores in 

soil.
(from 

https://www.sare.org/publications/bui

lding-soils-for-better-crops/soil-

particles-water-and-air/ )

A saturated soil is one where all soil pores are filled with 

water. Essentially, the soil has turned to mud, as happens 

after heavy rainfall.

How can further water be added to a saturated soil, 

though?

https://www.sare.org/publications/building-soils-for-better-crops/soil-particles-water-and-air/
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Supersaturated soil

• If you add water to a saturated soil, four things can 

happen:

1. The excess can produce ponding and/or runoff at the 

surface

2. The excess water can drain downwards (if the soil is 

not sitting on an impermeable layer)

3. The excess can escape laterally below the surface 

into neighbouring soil profiles

4. The soil can expand (i.e. exceed its shrinkage limit) and 

become supersaturated (this can only happen if there 

is space for the soil to expand into, e.g. river bed soil or 

surface topsoil).
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Supersaturated soil

• l_soil_sat_down is a switch in the JULES land surface 

model that controls what happens to the water in the 

case of soil supersaturation.

• The numerical simulation of soil moisture in JULES can lead to 

supersaturated soil, but lateral flow is not simulated by JULES 

(option #3 above) and soil profiles cannot expand either (option 

#4), so the only way to preserve water balance is to assume this 

excess water either goes up (option #1) or down (#2).

JULES online manual 

entry from http://jules-

lsm.github.io/latest/nameli

sts/jules_soil.nml.html

Essery et al. (2001): "In MOSES I the excess water in a layer was arbitrarily routed downwards. The justification 

for this was weak, but based on the idea that such excess moisture might flow overland for some fraction of a 

large GCM gridbox, but would eventually move down through the soil profile at subgrid locations in which 

drainage is less impeded (e.g. where there is fractured permafrost or less compacted-faster draining soil types). 

However, this assumption was found to lead to poor runoff simulation and excessive soil moisture in the 

PILPS2d tests of MOSES I ... In MOSES 2.2 excess moisture in a soil layer is instead removed by lateral flow 

which contributes to a larger fast runoff component. This alternative assumption is more consistent with the 

improved soil numerics (which should not lead to supersaturation as a numeric artifact), and results in much 

better water budgets for permafrost regions, such as the PILPS2d Valdai site.“, i.e. the default TRUE here is 

from MOSES I and the FALSE option was used in MOSES 2.2 (and, later, in JULES).

Essery R, Best M & Cox P (2001). MOSES 2.2 Technical Documentation. Hadley Centre Technical Note 30.

http://jules-lsm.github.io/latest/namelists/jules_soil.nml.html
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Supersaturated soil

There has been much debate about what to do with excess soil moisture content in JULES:

• In areas where there are shallow, impermeable aquifers in the soil, or in permafrost areas then l_soil_sat_down=FALSE would seem to be 

appropriate. This has been followed in several intercomparison studies including TRENDY and ISIMIP2.

• In well-drained agricultural areas (including most crop simulations), however, l_soil_sat_down=TRUE is known to give better results (e.g. 

Dadson et al. 2011, J Hydrol). This has been followed by the global UM runs (NWP and climate) as well as GL8 and UKCP’s new (2019) 

convection-permitting model.

Perhaps, however, the solution is really to modify the code:

• One approach could be to modify the JULES code to allow a spatially-variable l_soil_sat_down that is TRUE in some areas and FALSE 

elsewhere?

• Alternatively, if this is happening because of a faulty numerical scheme inside JULES, then surely a better approach would be to find a 

correction to the problematic scheme?

• JULES currently does not have any representation of ponding at the soil surface (all excess water at the surface immediately becomes 

runoff), although there are informal efforts to introduce this. Possibly, allowing ponding will reduce runoff in the case l_soil_sat_down=FALSE 

which would reduce the problems here.

• There is a current initiative to introduce a groundwater scheme into JULES (JULES-DGW). It is possible that can give JULES the capability 

to allow lateral escape of water, which would presumably remove the need to l_soil_sat_down.
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Loosing water

Why is there a flux into 

saturated soil?

𝜓 = 𝜓𝑠𝜃𝑚𝑖𝑑
−𝑏

𝑊𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 = −𝐾ℎ
𝛥𝜓𝑚
𝛥𝑧𝑙

+ 1

Why does it keep going?

(in soil_hyd_jls)

After calculating fluxes…

…if l_soil_sat_down == true:

check each layer in turn from top 

to bottom:

If the layer will be saturated:

 Move the excess 

into the layer beneath

l_soil_sat_down = TRUE
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l_soil_sat_down = FALSE

Why does it keep going?

(soil_hyd_jls)

After calculating fluxes…

…if l_soil_sat_down == false:

check each layer in turn from bottom to top:

If the layer will be saturated:

 Move the excess into the layer 

above

Why is there a flux into saturated soil?

𝜓 = 𝜓𝑠𝜃𝑚𝑖𝑑
−𝑏

𝑊𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 = −𝐾ℎ
𝛥𝜓𝑚
𝛥𝑧𝑙

+ 1

Loosing water
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l_soil_sat_down = FALSE soil_sat_updown

(soil_hyd_jls)

After calculating fluxes…

…if soilsat_updown:

While there’s still a problem:

check each layer in turn:

If the layer will be 

saturated:

 Limit the flow 

going into the layer

A solution
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Summary:

l_soil_sat_down = false:

• Usually makes more sense conceptually

• Usually has better soil water retention

• But requires more care with initial conditions

8

l_soil_sat_down = True l_soil_sat_down = False Soilsat_updown

Initial conditions and conclusions

Other thoughts:

Soilsat_updown maybe useful in periglacial environments

Do we need a representation of macropores?

Is it worth trying to better represent saturated soils?


