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Abstract. The Budyko functions B,(@,) are dimensionless relationships relating the r&ii® (actual evaporation over
precipitation) to the aridity inde#, = E/P (potential evaporation over precipitation). Theg aalid at catchment scale with
E, generally defined by Penman’s equation. The comefgary evaporation (CE) relationship stipulatest # decreasing
actual evaporation enhances potential evaporatimugh the drying power of the air which becomeghéi. The Turc-
Mezentsev function with its shape parametarthosen as example among various Budyko functismaatched with the CE
relationship, implemented through a generalizednfaf the Advection-Aridity modelFirst, we show that there is a
functional dependence between the Turc-Budyko candthe drying power of the air. Then, we exantirecase where
potential evaporation is calculated by means ofiaskey-Taylor type equatioriE§) with a varying coefficient,. Matching
the CE relationship with the Budyko function leads new transcendental form of the Budyko funcBg( @) linking E/P
to @ = Ey/P. For the two function8,(®,) andB,'( &) to be equivalent, the Priestley-Taylor coefficiegtshould have a
specified value as a function of the Turc-Mezentskape parameter and the aridity index. This foneti relationship is

specified and analysed.

1 Introduction

The Budyko curves are analytical formulations oé tfunctional dependence of actual evaporatibron moisture
availability, represented by precipitatiéh and atmospheric water demand, represented byitmtevaporatiorE,. They
are valid on long timescales at catchment scaleeNdcecisely, the Budykhunctionsrelate the evaporation fractidiP to
an aridity index defined a@, = E,/P. Empirical formulations have been obtained by $anitting to observed values (Turc,
1954; Budyko, 1974). Analytical derivations havecabeen developed (Mezentsev, 1955; Fu, 1981; Zbar,, 2004;
Yang et al., 2008). The Budyko relationships haserbextensively used in the scientific literatupetainow and interpreted
with physical models (Gerrits et al., 2009) or thedynamic approaches (Wang et al., 20015). For sartiee formulations

the shape of the curve is determined by a parartiekexd to catchment characteristmsch asvegetation, soil water storage
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(Li et al., 2013; Yang et al., 200@) catchment slope (Yang et al., 201Hhe most representative functided = B(®,) are
shown in Table 1 (see Lebecherel et al. (2013pnfohistorical overview) and one of them (Turc-Mdzew) is represented
in Fig. 1 for different values of its shape paraeneAll the Budyko functions assume steady-state camui{ which means
thatall the water consumed by evaporation comes fitoenprecipitation and that the change in catchmertémstorage is
nil: P-E = Q with Q the total runoff.Consequently, the following conditions should be:ni@ E = 0if P =0, (ii) E <P
(water limit), (i) E< E, (energy limit), (iv)E — E; if P— +oo. These conditions define a physical domain whaee t
Budyko curves are constrained (Fig. 1). It is iesting to note also that aBudyko functionB; relatingE/P to @, can be
transformed into a corresponding funct®snrelatingE/E, to cpp'l: P/E, (Zhang et al., 2004; Yang et al., 2008). Indeed we
have:

EP _

E _ _ _ 1
== By(#,') = e By (®,)®, ' = &, 'B,; (a) . 1)

Potential evaporation establishes an upper limth®evaporation process in a given environmens tfenerally

given by a Penman-type equation (Lhomme, 1997a;hwis the sum of two terms: a first term dependingthe radiation

load R, and a second term involving the drying power efémbient atmosphekg;:

A p L7
Ep =7 Rn+ 3 E, . )

In Eqg. (2)y is the psychrometric constant ardthe slope of the saturated vapour pressure cuneasr demperaturek,
represents the capacity of the ambient air to ektater from the surface. It is an increasing fiomcof the vapour pressure
deficit of the airD, and of wind speed through a wind functiori(u): E, = f(u) D,. Contrary to precipitation, potential
evaporationE, is not a forcing variable independent of the stefd, is in fact coupled td& by means of a functional
relationship known as the complementary evaporatielationship (Bouchet, 1963), which stipulatest tipatential
evaporation increases when actual evaporation dsese This complementary behaviour is made thréhughlrying power
of the airE,: a decreasing actual evaporation makes the ambiedtier, which enhancds, and thus potential evaporation.
Eq. (2) takes into account this complementary bielathrough the drying powdt,, which adjusts itself to the conditions
generated by the rate of actual evaporation. kl$® the case, for instance, whEpis calculated as a function of pan
evaporation.

In most of Budyko type functions encountered in literature, potential evaporatidg, is generally not defined
with accuracyChoudhury (1999, p. 100) noted that “varied methaere used to calculaig, and these methods can give
substantially different resultsMoreover, in the original framework and in some saduent works (e.g. Choudhury, 1999;
Donohue et al., 2007), net radiation alone is e good approximation of the energy availableef@porationMany
formulae, in fact, can be used to calculate them@l rate of evaporation, each one involvingatiéht weather variables
and yielding different values. Some formulae arsedaupon temperature alone, others on temperahderadiation
(Carmona et al., 2016). In the present study weni@the case whei, is estimated via a Priestley-Taylor type equation

(Priestley and Taylor, 1978) with a variable cazénta:
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4
Ey = aomRn . 3

Here, soil heat flux is neglected on large timescatel the coefficient, (named “Priestley-Taylor” coefficient) has not the
fixed value (1.26) mentioned in the original work Rriestley-Taylor. It is supposed to increase vdlimate aridity and
could vary from around..25up to1.75according to Shuttleworth (2012). This can be se®@a direct consequence of the
complementary evaporation relationship. Indegds linked toE, by o= 1+ (y/4)E4/R, (obtained by matching Egs. 2 and
3), which shows that, increases when the drying power risesomme (1997b) made a thorough examination of the s
defined coefficient,, by means of a convective boundary layer model.

In the present paper, the behaviour of the dryioggy of the airE, will be examined, together with its physical
boundaries, in relation to the actual rate of evaton predicted by th&udyko functions. We will also show that the
coefficient ap, which allows an estimate of potential evaporattbrough the Priestley-Taylor equation (Eq. Bas a
functional relationship with the shape parametethefBudyko curve and the aridity index, this last pooutnstituting our
main objectiveOnceaq, is determined and thus potential evaporaligractual evaporation can be estimated, either tirou
the Budyko function or the CE relationshiphe standpoint used in the study differs from masi previous attempts
undertaken in the literature to examine from défarperspectives the links between Bouchet Rndyko relationships,
investigating their apparent contradictory behavi@rilagyi and Jozsa, 200%or example, Zhang et al. (2004) established
a parallel between the assumptions underlying Eqgigation and the complementary relationship. ltudysby Yang et al.
(2006) concerning numerous catchments in Chinactimsistency between Bouchet, Penman Bindyko hypotheses was
theoretically and empirically explained. Lintneradt (2015) examined the Budyko and complementalationships using
an idealized prototype representing the physicslanfe-scale land-atmosphere coupling in order taluate the
anthropogenic influences. Zhou et al. (2015) dgwedba complementary relationship for partial etitstis to generate
Budyko functions, their relationship fundamentally diffeg from Bouchet's one. Carmona et al. (2016) psggba power
law to overcome a physical inconsistency of the yadcurve in humid environments, this new scalipgraach implicitly
incorporating the complementary evaporation refestiip.

The paper is organized as follows. First, the bagigations used in the development are detailedchioice of a
particularBudyko function is discussed and tbemplementary evaporation relationship, implememiedugha generalised
form of the Advection-Aridity mode(Brutsaert and Stricker, 1979) is presenteecond, the feasible domain of the drying
power of the airE, is examined,together with its correspondence in dimensionlessnfwith actual evaporation, as
predicted by the Budyko functioihird, the functional relationship linking thei€stley-Taylor coefficient, to the shape
parameter of theBudyko function and the aridity index is inferred. In thelowing development, “complementary

evaporation” is abbreviated in CE.
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2 Basic equations

Among the Budyko functions given in Table 1, onetipalar form is retained in our study: the ondially obtained by Turc
(1954) and Mezentsev (1955) through empirical abgrsitions and then analytically derived by Yan@le(2008) through
the resolution of a Pfaffian differential equatiaith particular boundary conditions. Three reasguled this choice: (i)
the function is one of the most commonly used; itijpvolves a model parametérwhich allows it to evolve within the
Turc-Budykophysical domain(iii) it has a notable simple mathematical prapexxpressed a$:(1/x) = F(x)/x This last
property means that the same mathematical expressialid forB; andB, (Eq. 1). The so-called Turc-Mezentsev function
is expressed as:

E_ ()= 1+ (@) [ =1+ (@) @

It is written here with an exponent notedhstead of then generally used (Yang et al., 2009). The slopéhefdurve for@,
= 0 is 1. When the model parametgiincreases fron® to +, the curves grow from the x-axis (zero evaporationan
upper limit (water and energy limits), as showrFig. 1. In other words, whehincreases, actual evaporation gets closer to
its maximum rate and whe®, tends to infiniteE/P tends tol. The intrinsic property of Eq. (4) allows it to bansformed
into a similar equation witk/E, replacinge/P and ch'l replacing®, (see Figs. 2a, b):
5 AT a2
5= By(oy) = 1+ (01) | = [+ (a) 7] T (5)
Fu (1981) and Zhang et al. (2004) derived a vemyjilar equation with a shape paramete(see Table 1) and Yang et al.
(2008) established a simple linear relationshipveen the two parameters = A + 0.72). In the rest of the paper, the
development and calculations are made with the -Mezentsev formulation. However, similar (but letsaightforward)
results can be obtained with the Fu-Zhang formuttesee the supplementary material S4).

The complementary evaporation (CE) relationshipresges that actual evaporatibrand potential evaporatidg,
are related in a complementary way following:
E, + bE = (1 + b)E,, . (6)
E. is the wet environment evaporation, which occunemE = E, andb> 1is a proportionality coefficienthich accounts
for the asymmetry of the relationshiplan et al., 2012)the increase in potential evaporation is genefailjher than the
reduction in actual evaporatioarious forms of the CE relationship exist in tierature (Xu et al., 200Brutsaert, 2015;
Szilagyi et al., 2016) and the value lmthas been largely discussed (Kahler and Brutsaés; Pettijohn and Salvucci,
2009; Aminzadeh et al., 2019 our analysisthe CE relationshijis interpreted in the widely accepted frameworkha
Advection-Aridity model (Brutsaert and Stricker, 78), whereb is assumed to be equal to 1, potential evapordjois
calculated using Penman’s equation (EqaiX)E,, is expressed by the original Priestley-Taylor ¢igmawith a fixed value

(1.26) of the coefficient,,:

A
E, =ay mRn - (7)
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E,, only depends on net radiation and air temperahmaigh. The value ofx, has been the subject of discussion (Mallick
et al., 2013): its analytical expression inferraghf a land-atmosphere coupling model by Lintneal e{2015) tends to prove
that it could be lower than 1.26, in line with timesitu observations of Kahler and Brutsaert (2008)e value of 1.26,
nevertheless, is kept in our numerical simulatioagether with the value of 1 fax All the algebraic calculations, however,
will be performed with non-prescribed valuesbainda,, which allows other possible numerical simulations

At this stage of the development it is importantnbake clear that two different Priestley-Taylor ffic&nts are
defined in our analysis in relation to the CE rielaship: one ¢,) is used to define the wet environment evaporafipand
the other o) to calculate the potential evaporati@iy, which is a substitute for the “true” potentiala@orationE,
represented by Penman’s equation (Eq. 2). Obsenadtdata confirm that the CE relationship gengradilds on daily to
annual timescales (Lintner et al., 2015). If thedi#o functions were initially derived and used ongd timescales, they
have been subsequently downscaled to the seagbe aronth by some authors (Zhang et al., 2008; ttalh. £2016; Greve
et al., 2016). This means that the matching betveenwo relationships is legitimatg, (Eq. 3) being a substitute fé&, it
should also verify the CE relationship (Eq. 6), ethimplies thatu,, < 0o < (1+b)ay,.

As already said in the introduction, the compleragtyt betweenE and E, is essentially made through the drying
power of the ailE,: a decrease in regional actual evaporation, caotisecto a decrease in water availability, generate

drier air, which enhances, and thuss,. The behaviour oE, is examined in the next section.

3 Feasible domain of the drying power of theair and correspondence with the evaporation rate

As a consequence of land-atmosphere interactiomeesed by the CE relationshthe drying power of the ak, is linked
to the evaporation rate. Its feasible domain isv@rad hereafter by determining its bounding fraistiand its behaviour is

assessed as a function of the evaporation raterting Eq. (2) and replacing its radiative termEyy(Eq. 7) yields:

A Ew
Ea=(1+;)(Ep_Z). (8)
Taking into account the CE relationship (Eq. 6) acaling byE, leads to:
Ea _ A | PR £
== (1 + y) [1 T (1 +b E,,>] . 9)
Inserting Eq. (5) into Eq. (9) gives:
Ea _ -1) — 4 __ ! -1 -1\4 3
ar=D(2") = (1+2) (1 (1+b)aw{1 + by 1+ (051) | }) . (10)

This means that the rat®y/E, can be also expressed and drawn as a functia®, bfike the Budyko functions. Given that
there is a water limit expressed By< E < P and an energy limit expressed @y E < E,, the functionE,/E, = D(d?p'l)
should meet the following three conditions:

0] E > 0 implies thate, < E, xgiven by:
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EEL:‘=(1+§)[1— ! ] (11)

(1+b)ayy,

(i) E < P implies thate, > E, 1 given by:

=) -amn (1)) a2
(iii) E < E, implies thatE, > E, ,.given by:
E;—Zzz(1+§)(1—i). (13)

With E, as scaling parameter, the feasible domaiB#, in the dimensionless spac@p(1 = P/E,, EJEy) is shown in Fig.
2c withb=1: when evaporation is ni, = E, x is maximum (upper boundary in Fig. 2c); when evapion is maximalk, is
minimal (lower boundary in Fig. 2c). The maximunméinsionless differende* between the upper bounda#y, (/E,) and

the lower boundary is obtained by subtracting B8§) from Eq. (11):
p*=—2" (1+i'). (14)

- (1+b)ay, Y

There is a correspondence between the Budyko ciles B,(®,) andE/Es :Bz(de'l) drawn into Figs. 2a, b and the one
of EJ/Ey= D(ch'l) drawn in Fig. 2c. Figs. 2a, b, ¢ show this coroesfence for a particular case definedoby 1,1 = 1 and
A =110 Pa °C' (T = 15°C). When the Budyko curves reach their upper limit, inevery evaporative environments, the
corresponding curv&./E, reaches its lower limit. Conversely, when the Bugurves reach their lower limit, i.e. the x-
axis (no-evaporative environment), the correspantifie, curve reaches its upper limit.

It is interesting to note that tremapeparametel of the Turc-Mezentsev functidras a clear graphical expression.
Indeed denoting byd* the maximum difference between the Turc-Mezents@we and its upper limit (Fig. 2a), this
difference Q < d* <1) obviously occurring fo®, = P/E, = 1, we have from Eq. (4):
d'=1-277, (15)

which leads to:

. -ln2
~ In(1-a%)

(16)

When d* varies from1 to 0, the parametei varies fromO to +c. The value corresponding @* in the graphical
representation dE./E;= D( <Z>p'l) (Fig. 2c) is the differencé* between thd,/E, curve (Eq. 10) and its lower boundary (Eqg.
13) for @,"=P/E,= 1. It is given by

6 = (1)) g (1 -27) = 0a (a7)
This simple relationship shows that the dimensiss\idifferences* andds* vary simultaneously in the same direction with a
proportionality coefficient equal tb*, whose value is close fo It is a direct consequence of the CE relationsiWpend*
decreases, i.e. the dimensionless evaporationEdReor E/E;) increasesy* decreases, i.e. the drying power of theRair

decreasesthe air becomes wetter (assuming a constant wieédpln the next section, another consequence of tae C
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relationship will be examined in relation to thdueof the Priestley-Taylor coefficient and its dependence on the rate of

actual evaporation.

4 Linking the Priestley-Taylor coefficient to the Budyko functions

Using the CE relationship as a basis, this seatiamines the link existing between the Priestleyldracoefficient ag
defined by Eq. (3) and the Turc-Mezentsev shaparpeter. (Eq. 4). Combining Egs. (3), (6) and (7) potengiehporation
can be written as:

Ep = (1+b) 2 E; —bE . (18)

Substitutingg, in Eq. (4) by its value given by Eq. (18) and mgft@&, = E(/P gives
-1/

E _ [Q+D)aw o E a+bhaw ., E|*

T= [ - ff{re [F2me bl 19)

Eq. (19) can be rewritten as:

oy =5 (8 = o {[®7 1|+ (20)
0 1 \p (1+b)ay P Pl -

Eq. (20) represents a transcendental form of thec-Wezentsev function (Eq. 4) issued from the cammntary
relationship and written with®, = E(/P instead of@, = Ey/P. Calling B,' this new functionE/P = B,'( ®), Eq. (20)
represents in fact its inverse functiah = B, (E/P). The functionE/P = B/(@,) has properties similar to the Turc-
Mezentsev function (Eq. 4) (see the demonstratinrike supplementary materials S1): i) wh@gtends to zeroB,'( &)
tends to zero with a slope equabiga, (< 1); i) when @ytends to infinite E/P tends tal. A transcendental form of Eq. (5),

calledB,’, can be obtained by expressiBl, as a function ofty™* = P/Eq:

o7t = B (£) = {(5)‘1 [, bi]_l}_l/ ’ (21)
o — P2 Eo/] — \Eo o Eo .

FunctionB,’ has the following properties at its limits (see $upplementary materials S2): i) wheg® tends to zero,
B,( ™) tends to zero with a slope equal to 1; i) whayt tends to infinite E/E, tends ton,/ao (< 1). For a given value of
the exponent and fixed values of, anda,, (= 1.26), the relationship betwedfP and &, (or betweerE/E, and &) can be
obtainedby solving numericallfEgs. (20) and (21). Similar calculations, moreesslcomplicated, could be made with any
Budyko function (Table 1). These results show that a IMezentsev curve (or any Budyko curve) generatdgfarent
curve when potential evaporation is giventyinstead ofE,. The new curve3,’ is represented iftig. 3aby comparison
with the original oneB, for two values of the shape parametg0.5 and2) andb = 1,assumingx = a,= 1.26. The new
curve has a form similar to the original one, wiitle same limits a® and+oo, but itis higher or lower depending on the

value ofap. In Fig. 3b the two curves are drawn whefis adjusted according to Eq. (22) to make sameecldt is
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worthwhile noting also thaB,’ is different fromB,’, contrary toB, (Eq. 5) which is identical t®, (Eq. 4), but the two
curves are very close, as shown in Fig. 4, argléasy to verify they have the same valuedipr @,'=1.

We have now two sets ddudyko functions: B'; and B’, (Egs. 20 and 21) involving®, = E¢/P and their
corresponding original formulatio; andB, (Egs. 4 and 5) as a function @ = E,/P. The question now is to find out the
value ofap which allowsB’; to be equivalent (or the closest) to the origifafc-Mezentsev functio;. Both equations
expressinge/P as a function of an aridity inde® (@, or &), the expression af, can be inferred by matching Eq. (20) and

Eq. (4): for a given value of the aridity index B, andB;’ should give the same value®fP. This leads to:

1+b)ay
(1+b)a YT - (22)

o 1+b(1+0%)
The same relationship (Eq. 22) is obtained by niatcB’, with B,. Putting the value of, defined by Eq. (22) int®," and
B, (Egs. 20 and 21) leads to new transcendental ieqsatinking E/P and @, (or E/E, and &) which are exactly

equivalent to the original Turc-Mezentsev functigBgs. 4 and 5). Functid®,’ transforms into:

2 (O NS TR DR @)
andB,’ into:
{141+ @) - EEO}_A = (EEO)_/1 — (@)™ (24)

In the supplementary material (S3) we show that dhiginal Turc-Mezentsev functions are the solutioof these
transcendental equationis.is worthwhile noting also that whemn is expressed by Eq. (22) ad tends to zero (omy*
tends to infinite)a,/ao in Egs. (20) and (21) tends10This means that these equations have the santg émtheir original
equations (Egs. 4 and 5).

For every value of and @, a unique value afy can be calculated by means of Eq. (223nda,, being fixed. In
this equatioru = f(1, @), @ represents climate aridity andcatchments characteristics in relation to itsighib evaporate
(the greated, the higher its evaporation capability). The Rl&ssTaylor coefficieniny appears to be an increasing function
of @and a decreasing function ofFig. 5ashows the relationship betweenandA for different values of2. WhenA tends
to zero (non-evaporative catchmemt) tends to(1+b)a,, =2a,, Whatever the value op. When/ tends to infinity (i.e. very
evaporating catchment), the limit @§ depends on the value @f for @ < 1 the limit isa,, and for @ > 1 the limit is the
branch of the hyperbolél+b)a, @ (b+ @)= 2a,P/(1+@). Fig. 5b shows the relationship betweanand @ for different
values ofi. When @tends tot+ow (very arid catchment), the coefficiesjtends to(1+b)a,~2ay,. When @ tends ta0 (very
humid catchment)q, tends toa,. These results illustrate the simple functionddtienship existing between the Priestley-
Taylor coefficient, the Budyko shape parameter tadaridity indexVery similar results are obtained when the Fu-Zhang
formulation is usedinstead of the Turc-Mezentsev gnas detailed in the supplementary material 84.the last

supplementary material (S5), Figures 5a, b areavedrwith a value ob = 4.5, as obtained by Brutsaert (2015) from a
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reformulated complementary relationship. The gdngnape of the curves is very similar, but the ugpeits are much

higher in agreement with a higher valuebof

5 Summary and conclusion

The Budyko curves have two different and equivalent dimersies expression®, whereE/P is a function of the aridity
index @,= E,/P, andB, whereE/E, is a function of@,” = P/E,; anyB, curve can be transformed into an equivaRnturve
and conversely. Among various Budyko type curves, turc-Mezentsev one (Eq. 4) with the shape paerhevas chosen
because it is commonly used and has the remarkaiolgerty of having the same mathematical expressioboth
representationsB; or B,. Using Penman’s equation (Eq. 2) to express pialemtvaporation and introducing the
complementary evaporation relationship in the fofrthe Advection-Aridity model with its parametdraindo,, (Egs. 6 and
7), it was shown that the dimensionless drying poefethe airD = E.J/E, expressed as a function d{,‘l has upper and
lower boundaries and that there is a functionatespondence between the Budyko &nhdurves. Next, we examined the
case where potential evaporation is expressedéptiestley-Taylor equatiotcf given by Eq. 3) with a varying coefficient
oo instead of the sounder Penman’s equation. Intiaduithe CE relationship in the form of the Adveatidridity model
shows that the Turc-Mezentsev function linkiad? to @,= E,/P (Eq. 4) transforms into a new transcendental fofrthe
Turc-Budyko functiorB,’ linking E/P to @= E¢/P (Eqg. 20), only numerically resolvable. The Priegilraylor coefficient
ao should have a specified value as a functiob, @f,, A and @ = @, so that the two curve3, andB," be equivalent. This
means that the coefficieny [ay < a0 < (Z+b)ay] is intrinsically linked to the shape parametesf the Turc-Mezentsev

function and to the aridity index.

Acknowledgements. The authors are very gratefuthteee anonymous reviewers and the Handling Editor their

constructive comments. They also thank the UMR HiSAr its scientific support and financial contrtimn.

6 List of symbols

B; function linkingE/P to &,= E//P.

By function linkingE/P to &, = Ey/P given by Eq. (20).
B, function linkingE/Es to @, = P/E,,.

B’ function linkingE/E, to @™ = P/E, given by Eq. (21).

b asymmetry coefficient of the CE relationship (BY.

D function linkingEJ/E; to P/E,.

D* difference between the upper and lower boundafi€s[-].

d* maximum difference between the Turc-Budyko cunve igs upper limit [-].

9
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E actual evaporation [LT].

Ep potential evaporation expressed by Penman’s exqufitir].

Eo potential evaporation expressed by the Priestleylef equation [LT].
Ew wet environment evaporation (CE relationship) fi.T

P precipitation [LTY.

E, drying power of the air [LT].

E.ni  lower limit of E, given by Eq. (12) [LT].
Eanz lower limit of E, given by Eq. (13) [LT].
E.x  upper limit ofE, given by Eq. (11) [LT].
R, net radiation [LT].

0o varying coefficient of the Priestley-Taylor equatign[-].

Oy =1.26: fixed coefficient of the Priestley-Taylor equatidy, [-].

y psychrometric constant [MT?°CH.

A slope of the saturated vapour pressure curvie traperature [M ET2 °C7].
o* maximum difference between tkg'E, curve and its lower boundary [-].

A shape parameter of the Turc-Mezentsev equation() [-].

Dy aridity index calculated witky (@, = E¢/P) [-].
@, aridity index calculated witk, (@, = E,/P) [-].
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Figure 1. The Turc-Mezentsev relationship Eq. (4) between the ratio E/P and the aridity index @, = E/P for four values of the

parameter A (0.3, 0.5, land 3). The bold lineindicates the upper limit of the feasible domain.
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10 Figure 2: Correspondence between the two forms of the Turc-M ezentsev functions (E/P = By(®,) and E/E,, = Bz(¢p'1) given by Egs.
(4) and (5)) and the function defining the drying power of the air (EJ/E, = D(¢p'1) given by Eq. (10)). The calculations are made
with b =1, A = 1and a temperature of 15°C. d* = 0.50 D* = 1.05and & = 0.52 The bold lines indicate the upper limit of the

feasible domain.
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Figure 3: Comparison between the Turc-Mezentsev function B,(®,) (Eq. 4) in solid line and its corresponding function B;'( @)
(Eq. 20) in dotted line for two values of A (0.5and 2) and b =1: (&) with a, = a,, = 1.2 (b) with a4 adjusted according to Eq. (22)
for @ =1 Thex-axislegend @representseither @, for B,(@,) or @, for B,'( @y).
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Figure 4: Comparison of functions E/P = B/( @) (Eq. 20) and E/Eq= B, (@™) (Eq. 21) for two different values of the shape
10 parameter A (0.5and 2),b=1and ag = 1.26
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Figure 5: Variation of the Priestley-Taylor coefficient ag (Eq. (22) with b =1 and a,, = 1.29: (a) as a function of the aridity index @
for different values of the shape parameter 4 of the Turc-Mezentsev function; (b) as a function of A for different values of the
aridity index @. Thebold linesindicate the upper and lower limits of the feasible domain.

Table 1: Different expressions of the Budyko functions as a function of the aridity index @,

Equation Reference

1 1/2 Budyko (1974)
E/P = {q)ptanh(g)[l - exp(—%)]}
P

-1 Turc (1954) withh = 2, Mezentsev (1955), Yang et al. (2008
£p=ay[1+(0,)' ] (1954) (1955), Yang et al. (2008)

0 1s Fu (1981), Zh t al. (2004
E/P =1+, —|1+(2,)" | u (1981), Zhang et al. (2004)

1+ wo, Zhang et al. (2001)
1+wd, + @, !

k 1/n
w17 =iy

E/P

Zhou et al. (2015)
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