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1 Transpiration fix for ISBA for dry conditions

1.1 Identification of the problem

Owing to semi-arid simulations using ISBA within SURFEX ohg the AMMA campaign, a problem
with ISBA transpiration during very dry conditions has begentified. This problem was first noted
by T. Pellarin as a decrease in soil moisture in offline modeguSBA for semi-arid sites within the
AMMA region, even for very dry soil conditions (defined as wltbe root zone average soil moisture
is below the permanent wilting points; ;). TheoreticallyE;, should go to zero under such conditions
(physically). But the problem was masked to some extent gworthe baresoil component (which
can continue to extract soil water below wilting point). &rarty later noted this during simulations
for Niger supersites: he even imposed zero water contermatedl transpiratiork;,, above 0 (and in
fact, daily values reaching on the order of 25 W4t times for this academic case). A. Boone then
performed further academic tests to find results consistghtDémarty. It should be noted that such
problems are noticeable when the soil becomes very drywenid above 0. The issue becomes very
problematic over a long timescale since eventually the neimgsoil water is exhausted (given a long
enough dry down period) b, continues, thus leading to water budget closure errorseagrtiund
becomes an infinite source of water vapor for the atmosphmeneoyal of water correctly ceases as
the soil becomes completely dry, but the atmospheric vapricintinues unabated). The conditions
where such errors become readily visible are, in fact, norssual for semi-arid regions such as over
West Africa. A simple proposal to correct this problem isatdsed herein. It should be noted that
the proposed corrections relate to explicit coefficientsl therefore have no impact on the implicit
numerical resolution of the system and involve literallgtja few lines of code in SURFEX.

1.2 lllustration using scaling

Very dry conditions here are definedf@® = 0, whereF 2 is defined as the water stress (e.g. Noilhan
and Mahfouf, 1996)
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wherey: represents the root zone distribution functidly,is the number of soil layers, and the other
symbols have their usual meaning. Note that for ISBA-2L oF8icce-Restore soil optiong, > = 1
and is zero for all other values &f So it is obvious thaF2 = 0 implies that the average root zone
water content is below the permanent wilting poiw,i;;. F2 is used in the computation of the
stomatal resistanc&s.

The problem can be quite simply illustrated by considerimngrielation for the latent heat flux from

transpiration in ISBA
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where the symbols have the usual meaning (see Noilhan andoNfali996). Note thafsy =
Osat (Tg71) (the saturation vapor pressure computed using the uppéesoibdsegetation temperature).
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For very hot dry conditiondq{2 = 0), Rs attains it's maximum valueRsmax, Which is currently defined
as 5000 s m%), and assuming, = 1 and unstable conditions so ti&t becomes small compared
to Rs. Finally, for hot dry conditionsjss can become much larger thag in semi-arid or desert



regions, so that the mixing ratio difference above can agpgrdhe value ofi;;. Using these scaling
arguments, we finally approximate Edy. 2 as

LEty ~ 500veg gsat (3)

Eq.[3 implies that.E;, > 0 during daytime conditions independent of soil drynesswe\,;; (since
Rs is limited, rather than going to infinity). It is easy to seattbne could expect values on the order
of 10’s of W m2 depending on the value oég, which is hardly negligible.

This is illustrated for an academic case in the left paneligf . The forcing is from HAPEX-
MOBILHY, initialized with a soil water content of 0.01 m ™ and assumingeg = 1 and that input
rainfall is zero. Non-zer&;, values are indeed physical (especially because the atragsptthis site
is not as dry as West Africa, so condensation then subsequapbration occur). But despite the fact
thatF 2 = 0 always E, attains values of over 25 W fairly often, especially during summer. This
eventually leads to water balance errors, in addition tepioysical behavior.

1.3 Solution 1: Rsmax modification

We seek a solution which is simple (conceptually and nuralyicand which will minimize any
impact on existing results. We avoid simply imposkg = 0 since this will cause budget problems
owing to the implicit numerics: we seek a smooth continuaunefion to impose this constraint.

1.4 Solution 1a: Increas&Rsmax

Based on the scaling arguments in Ey. 3, the simplest prioposs to simply increas®smax. An
example of the impact is seen in the right hand panel of[Fighérevwe have simply increased it by
a factor of 10. A zoom over a typical several day period is showFig.[2: indeed, as expectég is
decreased by an order of magnitude. But obviously a phyprcdllem persists in thd, continues
for soil moisture well beloww,;; can totally dry out the soil given a sufficiently long time jper
(although arguably quite long!). The logical extension \doloe to simply increas®gmax until E;
becomes acceptably small...but this poses 2 problenits;, yould never be exactly zero (albeit it
could become quite small), ii) But, the other potential peoi with this can be seen in Eg. 2, this
factor will affect results even outside of dry conditions é@ndensation, or other limiting conditions
(atmospheric vapor pressure deficit, temperature defigit, letc...).

1.5 Solution 1b: IncreaseRsmax as soil dries
An alternate approach could be to use an equation of the form

Rsmax - Rsmaxd - (Rsmaxd - Rsmaxo) F5 (4)

whereRsmaxo IS the default value of 5000, aftdaxq is a larger value (10 or 100x larger for example).
The dryness factoF 5 could be defined as

F5:( W — f Wil )p (5)
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wherey, > 1 > y, and these parameters define the upper and lower limits of enetsture range
aboutw,;; over whichF5 ranges from 0 to 1. The simplest form is to assymel, y, =1 andy =0

so that W

F5=—— (6)
Wil t
But this still permits unphysical behavioEf > 0 whenF2 = 0). Another alternative would be to
assumd=5 = F2. But this could effect conditions fd¥2 > 0 as explained above, and for all of the
above solutionsk;, > 0 for F2 = 0 and can completely dry the soil (although again, the timlesc

might be extremely long).

1.6 Solution 2:h, modification

An alternative modification is to fordg, = 0 viah,. For exampleh, can be expressed as
Ra
Ra+Rs

where d represents the fractional intercepted water coverage. fifgteeerm on the RHS of Ed.] 7
corresponds to thE;, component, while the second term corresponds;to A simple constraint to

hy=23+(1-9) (7)
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Figure 1: Evapotranspiration components for an acadersiaisegng HAPEX forcing and parameters
with veg = 1, rainfall shut off and an initial soil water content of 0,88 m~—3. On the left, the default
ISBA simulation. On the right, the same simulation but Wi@xRsnax.



forceEyy — 0 asF2 — 0 (i.e. Rs — Rsmax) is to rewrite EqLY as

1 1 )
Ra+Rs Ra+ Rsmax

so that it is obvious thakE;, = 0 whenRs = Rsmax. The above will alter the fluxes slightly when
F2 > 0, but this can be minimized by simply writing

1 (1-F5) }
Ra+Rs  Ra+ Rsmax
whereF 5 is one for wet conditions and approaches 1 as the soil drfessimplest solution would be
to setF5 = F2 for example. Differenh, values ford = 0 and 2 values oR, (40 m1, unstable, and

100 n 1, moderately unstable) are shown in Fij. 3 using [BLls7-Ufass F5 = F2). One could
minimize the effect further ohy by defining

(8)

m=6+<1—6>Ra(

(9)

hv:5+<1—6>Ra[

F5=(F2)° (0<p<1) (10)

The smaller the value gf, the more sharp of a drop &, asF2 — 0. If p becomes too small then

F5 might approach a step function which should be avoided.
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Figure 2: As in Fig[L, except a zoom over a typical 3 day sunimerperiod.



An example using Eq.]8 is shown in the right hand side of Bighé @lefault case is shown once
again on the left). It is seen thgt, is completely shut off, only condensation and evaporatich®
interception reservoir continue (and water balance is taaiad with a gradual net soil moistening,
not shown). A zoom over the same period from Eig. 2 is showngr{® The impact on condensation
is quite small andg;;, = 0.

It should be noted that in SURFEX, a delta function is acjualtluded in the computation &, (Jy:
it is 0 when condensation occurs, 1 otherwise) and in the @BAG.F90) it is expressed as

Rs
Ra+Rs

After a good deal of algebra, one can express the above equatihe same form as in Eg. 9 as

hy =1—0n(1-9) (11)

he= 5+ (1= 8) Rt Rl )] [ g — =) (12)

The impact of using Eq._12 with5 = 0 is shown in Figl b for all of France for a one year simulation
(using ISBA-Ags with the NIT option). This run is a good testce there is a full feedback between
the vegetation and the soil moisture. It can be seen thatrtpadt is fairly small, not not negligible.
The simulation was repeated witb = F2, and the results are shown in Hig. 7. It can be seen that
the impact is reduced further, while still preventing estor

In another test, the impact of using Eql 12 wib = F2 is shown in Fig[B for all of France for
the present climate (the AST option is used: LAl is presaifrem ECOCLIMAP). This run is of
interest since is covers a fairly long time period. Agaire tmpact is overall fairly small, but it is
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Figure 3:h, from Eq.87-9 (assuming5 = F 2) for 2 different values oR; and assuming = 0.



relatively largest in areas where one would expect: serdizzones or areas with vegetation which
can experience significant drying in summer. The effect entthnspiration component is shown in

Fig.[S.

1.7 Summary

A simple modification to causE;, to go to zero during very dry conditions (soil water belawy )
has been proposed. The solution is simple, and has beengawgach the impact whéf2 > 0 is
small and so that implicit numerics are not impacted. Thd fingposed solution is

1 B (1-F2)
Ra+Rs Ra+ Rsmax

hy= 5+ (1— 8)Ra (13)

An additional advantage of Ef. 113 is that no new parametersraroduced. Other solutions are
perhaps also possible, but these seem to be the two most. dBeth proposals imply changing
literally 1 to 3 lines of code in the ISBA routines of SURFEX.

Default, F2=0 (Wg<=Wwilt) Hv modif
T T | T | T | T T
20
§ § o
= S
2 2
w w -20
— FEr
- . - — Etr .
— E
-40— — 40 J —

P T I AR I B o e ey ey
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Time (DoY) Time (DoY)

Figure 4: As in Fig[L, except using the modifigdformulation.
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Figure 5: As in Fig[¥4, except a zoom over a typical 3 day sunimerperiod.
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Figure 6: The map shows the relative difference of LE and atmmonents over France after one
year of simulation between the modified simulation and ttieremce simulation (SURFEX-V7.0).
These results use Hd. 8 (i.e. no additidralfactor). The row represents four different patches (top to
bottom : deciduous forest, coniferous forest, C3 crops aadsiand). ISBA-Ags is used to compute
the photosynthesis (the NIT option is used). Figure from&oht.
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Figure 7: Asin Figlh, except EQ.113 is used. The use of thetiathdi F 2 factor reduces the impact
of the modification further, while still retaining the maiagired effect (no transpiration below wilting

point).
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Figure 8: Relative difference in total evapotranspirat@ar France from 1991-2006 (present climate)
using the proposed modification (EEqJ] 13). ISBA-Ags is usecbimpute the photosynthesis (the AST
option is used: LAl is prescribed from ECOCLIMAP). Figurern D. Carrer.
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Figure 9: As in Fig[B, except for the relative differencerantspiration (only) is shown.
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