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8- Root mean squares error
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2- Shape parameter
3- Scale parameter

Ol oulee g Lilio Ly plaS yn (8L Juo iz (98 U
4 Vgane 0k odnlin claodls 4 b Jas ol (bilp <3 ailoss
s do &S laisS ) Al o dunly Jdo o (sla yiol )b slaes
Lol culy amls (6 53:83 (bl el jdin Jdo G sl yialsl
5 k) psrde bl & el dix sl Jse slo el (eSS
ol 45 03l e b e ol o alae S 553 sl o (Sujid
Al el bl ley g Sluwbre 5 3ae lagsdy)
Cowlio a gl polde 48,5 a5 )lge 4565yl jo 4LbIS 1l
dlas S5 095 (ooue Slinlre g9,5 ) e slayial )b gl
2w Ly o 93 o sl (g)lel (slojlne LY ool & il e
Jie Syt gla el sl o (il 4 cglate sl el
aladse g 3 Ll (10 50) 68 o0 5 5 a6 ol e
45 Cal Jue e el 93 Jle =S iy Jie 3929
95 3 ol a5 05y ettt (ol cunle ol (gla el
o Jie ol U e 4 Bl e apslone BB 35290 (slaodl>
ol 48,5 )1, 8 oalaiwl 3)50 S1E PSD gl (sl @S
2 Jde opl a8 Canl SO 4 Y (VAT W AY M (& )
13 oies 1y 45 sl 43,5 )5 Slllas ) g )by ol b
don o Jl =Sy @i Jhe & Cusl 0395 otnyy dinej
(0) glas Jbe plgis )l 1) oY by SK 8l sla S
590> PSD ialad el o Jloyim 5ol aejs Jo 45 b ol
siie VL) (£5ysliS lojls S il cdio b SK 5 e
St 5 Slgn 39, L & wlio 5 | 255 (USDA')
3y50 53 ySie Jao dS adb lis aa s clalllas o 50 (V)
Wi (o 8> () e g (o (o) P e o) ST
Jie odas Cudgl e Cwl 0355 3890 S plu 40 g Cul
2) ol ols PSD (ialos (gl odlaal > JloyimSsd g5
O S Sl )l PSD &' (Jbo 53 sl oo (o)W (polide
(V) 30 Lt |y )8

ety 6 5el)s 93 LolS g5 Jdo ( JSidio () &) sl
Conss bl o Jdd 90 4 Baiod (pl )0 Jdo cpl slesudig 2294 0
bl JlopmSsd @iy Jae aslen Jao cpl sbayiall a5l
Ol 9> g blioe dplne JB (ol 4 g Aitd (3L eanlia
9 b pas | Jae ol Jle =S @i Jae b ol 5 &5
0l oo slamodly oy 53l (ol iy (s picillasl
s 51355

sbaass @l ojlul mjg5 Jales lp (V) Jul st 42 5]
Jas ey 0,5 edlatwl oo Jb o lS K ey
il claccsl b el cbSs PSD iles 55 LS a8

1- United States Department of Agriculture


http://daneshresan.com/

AuS gxiwa | allie ylgic 9 dylas asxalre DaneshResan.com cubv as allite gl 355 Jold dug oy
Suisbs .bga_;ga-;g_l.mo._gl)& ol allis ugﬂu?)ldm

WAA Jlo Yo lod « YT sl (g5y9LisS zoluo 5 poke) S 9 of 4t YY

ahialie §l ool oo Jloisl By ¥olao oyl 3 &S
Xy Jlop=Sod Jae 0 a8 (5900 @ adlo X ki &y gy o
ol Jslee Lol Jace yo o (E1E €;) )3 o308l )18 Jolea
PSD —ioxio jl o0 oaalie bl sl 1 g wib o () @)
fo 5 Xg &l yio Jaie 1l 558 Sluslme )3 cprizman Al o
2,5 bl

slaosly (Sj9 slire Slosl g (:Slee @Bly 53 (V1) 5 () Ly,
o At e gl " ol el punlie b a5 il 0 PSD
3y9 3 Al Jlisl (oS @iy @b (oxienj daw (lod
2 &S wb o F(X)=1 bs 5 soxie 4 D90 gdaw PSD ixio
X5l 58,5 ol Jlas! xeod @je @b ove ) pdaw gy
(Y JS) asly e

() Lulyy 31 loosls jluws Blyocil 5 (1o polis Buios cul
3 Jleym S5 iss Jie siolly 59 oS 033,8 apslns (1) 5
Spalie i ib b LolS mje5 Jao ol 93 o (¥) o (V) o¥olso
53 sLb ol )l awlome | Ly B3 dlonas (V) 5 (F) & Yolea
Ab 488 8 4 wluwlxe (¢l Microsoft Excel l5ele 5 ¢ e
1 iy 5 Lae 3l 3 LIS 5 Jleym 59 i Jao 99 50 481
Laile

Jimo 90 L osd odmlie (slaodls &y joS00 Jdo g3 Lijlp B
=122 (RMSE) Las oy (5o i) 5 (R?) 310 <
1025 o gl LB 5 Ll 51 e 93 el 1y3,8

{rncz-ir F')—Eh, F,IM, F)f

|:,“n’2 _-;P‘ E Eil='],."1':1i)':>¢
LlrrE_i FrA— (I, F";J-’]}
(")
w i — -‘1':.
RMSE = |=i=dfi=fi” o)
k' ]

X i 35 “ - r
JMAJMQ@,‘!,EMQ]O%)‘, 2o Jwa‘Ffaf
B3 o Cowd dy ol 03> iy
taioly G 905l (o 93 o OS] (I3 dime wyp sl
43,5 ool Excel busma ;> TTEST ol 5l oslizul

s Ly o ay Ll 5 Jlai=Sod ayigr claJao EXCEl Loy ses j5—¥
S50 e GAMMADIST ; NORMDIST

r = J,
(k—1)!

4 (F) dslao 5l Jloy=So) Jao sl 5 LS aeos @5 o
Aol oo o

sladie Jool JBs ol g (o8 i @b (V) S5 »
sl 005 030> Lt o3 yob 4 LS g Jloyi—Sg) @i

xF2exp (—x)dx =
)

(e Jjy b
.............. h,l s | h_-,JL’\% C"‘L,

g
n d
d
() s Jbi-S g (W) @395 sTM com 5 iales —(Y JSU)
L
L g, 9 3130

sloodlhy 4y LolS 5 Jb =S mjei sl e Budzs opl jo
oLSL 53 25550 S diges Y83 dluwi &y bgy o PSD o ounliie
Sl oy 5L SBFEY Ll sad ools o3l (10) UNSODA o3l
515,5 ol UNSODA 031> o5l 50 35350 S g0 VA
Jsls b | PSD ovie (slaodly 45 w539y ooyl dad dlg )3
bla olaws 3 0dgdmme Mz yb g 05 (¢ pS 0l e gy (gl
bla olaw ds o oS Cawl plie )15 959 b o yo3ly (sl p5Y
bla asya o 0ib 09390 PSD e I (g piiin 0l (55 03l]
e sla e atip s Jols |y i al ) (g gmy oS
Cably algs PSD sz 5l (6,5 2l o 5348 isles
Seme Szl 5 (5:50ke (Juo 93 (slapielly (3055 (6l

13,5 dwbro i Lalgy 5l ol

m=X |- F) (F=2)] o
sd = {Ef’:t [{g: - F:-IJ(EEE-_

31


http://daneshresan.com/

YW ol 6l b g Jloyi-So 0395 oo dumlio

ST e ST, . Py ot
< #&. ¥ ;:_ 7
0s MEEME T
0 T r T
0 500 1000 1500 2000
X

(A) Wsleo b PSD o (Silse dawlone 0950 commw 55 gy —(V JSU3)

(V) ohlbsSen 5 SSlsn (slaadl Ly aoxs cul wcal 035 Joe
duss dy by PSD (g5, o adllas 5 o L] )l Jlssear
~S mie s Jie &5 il Lo )8 Sl wgai VWWAY
SladS aon (o jl (sl w2 5 g2l 93 42) Jloy
= P9 9 G ) o) Py SIS 3)90 )3 Laih S Ly
Sl s 5l asls bl sl ooy flis dsucols ) oSl o
0l 03y AL (sl S 1> Jdo 90y 0l dunlie (sladiges oS
A J8le s

S sladsges 5l g dis o duslie (5148 Luy 4>
LolS oo lawgi gyt gl a5 3)b 0959 Jlois! (pl 5,5 o0
Jae 3 Sles o (V1) hlSen 5 Slga pizzan 23,5 Jol>
Lads asbly oyl 48 aiimbly b o) pgd <l 0 1) Jlo -9l
ol San |y dlus gl s 8l o 340 0l gl 2 sabaie
) P SLSE P PSD g odzmn s 4 S5 3 g
O 8y LacSLs 5] 3 PSD ivein Yooms 8515 ccdly i3
4 LacSs el BMS 53 0980 sy Jloin] JEs &b & j90
55 (V) Jgin o dzolin il o a8 g0 (gl b aB S
PPSD e iuled By Conl atuslyr LS Jas el (ot
DI g BB sk 4 Jlaym S Jhe b i ]y oS
2 el Ll Jus iy Gllasl o ol o1y ol Jdo a8 e
oo 33 il 3 Sigm5 S S il oISy sl (F) U85
sl s pl ) ol oad ooy lis ol saalie (slaools
o R? aS w5 Clbal sS4 oS o gl o 3l L
() Jgix 53) oS IR Sls L il Ty e 51 S
15 Jlo =S g g LS Jao 93 (sl el )l R* sl ogMe il
Glse & sl o Slosi st (£) S5 5 oS o oy
sl oM ym S le (gl cosles

0l odnlie L& 4y ol (Byxe Jdo 90 (yojly 5l dlols zols
90y duwslio 5 55500 S sl Y8 & bgy o PSD s
5R% palie 59y 55l cBs 1 Lol Juo 5 5l (S«
o=l il sad oaly Hlias (V) JSS )0 ladiges den (gl RMSE
LalS Jie 3)lgm dgiy o (¥ S oYL blis o callY S
B3] .l 039 £yt b g YLy bjly caps gl
o=l 4S50 ViV b g blE (64, g ot 00l bl s o sl
Lol Ao

LIS 3555 Jbo o5 (y 0 S5 23903 T2V S (o s &
RMSE Jole slive p g diges ¥5Y dlusi 0 R* Jole (sline
olis pp JlaymS9 @95 Jhe b Gl diged TYY 0lus 1
Jice (lpm +/AF0 ol Laasses JS lp R Sl .l o3l
rSolie pmized el Cowd 4 LB Jse (glp <AV g Lo -5yl
g+ AYY 1y L 5 Jlo =Sl sl Jie sl a5 4 RMSE
W05 dowle +/+FVA

SSE g 0ad 03 b Jae 93 3)Sles (o duglie inen
235,5 plosl USDA Lawgs ois all)) SLs el cla oS
9] sl os &1y (V) Jgao LB 5> auslie guls aods
Ll Jao R% 5:ko jolie a8 sl lis Jao 93 M ()l sine
oSl oo 5| 1355 (5 oiine sl 4y /1) sl s 3
gaw 3> )lbgne B! izmen g Jlo =Sl Jao 4 by
odly i Jae 93 5l ol RMSE 1Sl polie (o 70 slesel

pod 5o 4 b S den 13 LIS &5 Juio oS > L ol
Jbers S9 @i Jae jl e o () 9 9 (o ) (o



WAA Jlo Yo lod « YT sl (g)y3lisS zluo 9 poke) S g ol 4ot YF

2 g Sl dluce 5 365 6,15 lagby, > e slajal,l 0 Bo°
oo @l (Ko Sl (e p3lie ol (9395 el &0 °r ° 3
23,55

[o]
0.9 1 y=0.153x+0.830 o _ o0
ogoo

2
R Gamma

& ot 0.8
S 55 4o

Slyroad abply Jao o sl 9 Jlo =Sy @js Jue

93 Jloy=Sg wjg Jro a5 ol jlasb o S1BPSD ioles
5 oby Caple (Sl Jlo s )3 9 05 byl ()b sl
Sldllas )5 ulol 1y Jao ol (0b5 opiiore (bl oo duwloee LB
Sgrdd @l (eSS o Slllas 13 0fge 02l 1,8 265 o
Gl 4y HI8 a4 1),S0 Jao opl «d)S plosl PSD (g9, 5l S 0.25
Syl 9 Jlo =S o) w595 Jao &S w03y Hlis Susd opl jo
a Jod B o5l S1E codl gla WS den j> Silg5 o5
259 Jde 3id opl 50 bl auily PSD oddosaliv slassls
—Sod i Jae Gl sl S g 4 gyl 9 Sl
Loyl )b yLss 5l a8 ool 5l ol onid slaiis (6 y2el,b 93 Jloy 0.05
d\_gJ..\agbL)ﬁ)'l).g&'éDMcﬁ)]))‘ﬁﬁ]ﬁ]@%l)&)ég’tolfkj.\nyb .
i db_’ ‘_)9_0)1 u_:l ..\J.))f U9“°)T PSD o osalin dLﬁa)l) 0 005 01 01% 02 025 03

9R2 )l_::w 90 u»l_w‘ 29 UNSODA o3> oli:b Sk 4\59@3 \fd! RMSELogncrmal

Wges VY 3 1) LalS Jie (550 R? Jline .c8)5 &y RMSE &9 swJx 1y RMSE (<) g R? (1) yalie —(Y JSW3)

0.7 0.8 0.9 1

2
R Lognormal

RMSEGamma

lo}
Ay =0.197x+0.051

Lo S @90 Y 13 1, L Jae (5,55 RMSE jlas 3 SK-
RMSE 4 R? ,5lis oyn 3Ms| 48 13,5 jasuiio t yg0jl b 0l
ol ol 3 290 B dan 70 9 7N ok )3 i 4 S 9

S SSL 5l oo (owy 0 S diged £1Y gl LI § Jbo i-S'y)
0315 o3l dad K geS ks g V1) b S5, ks JUNSODA

il g0 B

ol SO plge )y eyl 93 b @ie e ol o

c . T - S ey Gl o6t sleialy leis 4 wilg e palie oyl
L35 0 s pel)l 93 Jloy—S g g Jhe slp Sy

)] odla_uwl l_: )95..\_/: J..\_A 9.) uo)])_: Lg])_J LA_MJL.A 4_3]5] )J.)Ls.a
sobolen pj S )13 jlise oS pa iy )5 slagts,
UNSODA b S diges £ & by po PSD oo islod 13 Ll g Jlo yi-Sg) 23597 (s J0 3,5Mos dunslie gl aods —(V Jgua)

RMSE Lo G ”f” RMSF O,;sg»’ R? ,g.to I ,;av/ R? i,&tﬁ N NS e e S

Joy-Syd  LE  Jhp-SY L Jbp-SY L Jbp-SY  LE
o[-¥E ofo¥¥ o[+AY- [+ OF¥ o[y o[+¥YA <[A0A <AVY Y. VA WY oy
[-¥¥ [-v¥ «[-A¥s +[+¥aA o[y AN </A¥. DAY ¥y ¥Y ¥¥ o9 o
ofeye o[- o[-AYY .15 IR o/oN¥ -/aYs WAVY- I NS £ ey
D te o[+¥¥ <[-¥Ya o[5NE of+¥¥ ofeNY /A0 JANF XYY Yo Y po)
o[o¥Y o[+¥Y [+£00 o[+AQ «[+YA o[e¥Y <[As¥ Jivay v oY A sikow pg)
o[+YA ofovY JANEN S o[<AVY R o[+ ¥ <[AFY <[As¥ ya Y Yy b ) Py
RNV of+5A o[-y ofoYE. o[+¥Y o[-y <[AYD A5y \4 5 a ) P9
<[Y0 olexy -[-vo¥ RNV -[-¥0 YRR -1asY Ay v \ YA s gy pg)
Y4 o[+ 0) «[-ay¥ DARARN ofevY o[-5¥ <[a¥a <[AYA Y Y A sibw )
of+¥¥ of+¥¥ <[+ AVY ofo5eF of+¥a efeye <[A¥Y «[avF AR a \tg )
|5 of+¥. <[+ AVY «[+5YR «[+¥¥ «[+YA <[A¥0 <AVEYYY O YEY Y& ladiges JS

Ll 534S laasges sl Ny casl asdls Joyi-S's) ajsr Joe & Cos 6y bl L @jsi Jao RZ Jole olul sl 13 48 sladigas slas Ny
ol anily Jlyi=S o g5 Joo & o sy il LE @55 Jae RMSE Lele ll



F(d)

F(d)

F(d)

F(d)

YO olei lp b g Jloyi-So 395 oo dumlio

1 e
0.8 | (=)
0.6 - N =
o
_ /‘ Log-normal: R?= 0.855, e
0.4 1 11=3.883, 6=2.318,
02 - Gamma: R?=0.976,
k=0.566,8=636.329
0 - -
1 10 100 1000 10000 100000
1
0.8 | Log-normal: R?=0.978
p=5.000, 0=1.098,
0.6 1 Gamma: R?=0.957
0.4 | k=1.536,08=149.5
L2 )
0 L_dn —
1 10 100 1000 10000
1
0.8 [
[psry]
0.6 Log-normal: R?= 0.937,
_ p=4.11, 6=1.233,
L5 Gamma: R?=0.984,
02 k=1.101, 8=114.16
*
0 T T T T
1 10 100 1000 10000 100000
1
0.8 (2
\z)
L Log-normal: R?= 0.941,
04 p=2.434, 6=1.799,
- Gamma: R?=0.988,
0.2 | ',,/ k=0.217, 6=285.05
0
1 10 100 1000 10000
1 . \ 4
0.8 -
06 | ” Log-normal: R?= 0.978,
R4 n=1.578,0=1.192,
0.4 ~ 0,’ Gamma: R?=0.943,
i k=0.091, 8=184.82
02 {,”
y
0
1 10 100 1000 10000
d (um)

1 1
08 | Log-normal: R?= 0.94,
p=4.975, 0=1.49,
0.6 4 Gamma:R2=0.99,
=1.319,9=213.33
04 | k=1319,8=21 .
02 | [
0 L
1 10 100 1000 10000
1 g
0.8 o
0.6 '
, Log-normal: R?= 0.958,
0.4 1=3.181, ¢=1.781,
02 Gamma: R?*=0.989,
’ k=0.635,08=112.56
0 T T T
1 10 100 1000 10000
1 —
0.8
0.6 1 7 Log-normal: R?= 0.956,
04 § 4 1=1.897, 0=1.639,
s Gamma: R2= 0.966,
02 1.~ k=0.146, 8=324.55
0 T T T
1 10 100 1000 10000
1
0.8
L Log-normal: R?= 0.969,
04 A . p=1.946, 5=1.591,
L 4 ,f’ Gamma: R*=0.98,
02 1.7 k=0.175, 6=221.26
0
10 100 1000 10000
1 ¢
0.8
0.6 Log-normal: R?=0.933,
/ p=1.556,0=1.418,
0.4 1 / Gamma: R?=0.989,
rd o _
0.2 _'/ k=0.130,0=216.31
0 T T T
1 10 100 1000 10000
d (um)

SRS (gl (Wine 1) LIS 5 (ahaite bd) Jloyi-Syf a2595 Swe 5315 ~(€ JSui)
p9) () (F0F - SB) (o pg) (&) FVV e SB) g (&) (FY-F S) (b pg) () DIV SB) (og) 0 () « (UNSODA ol 511+ FY S oy ()
m(so 0 odalie pslie LU (FPAY SI8) () (3) OWAY S e () (&) TV - SB) (s (o) ) () IVVY S) (o) 9 () (VPO SB) (b (o)

sl



IWAA Jlo o Fojlod  TF b (5559UiS @alio g pole) S g ST wpti VP

15-

16-

17-

18-

19-

&bo

Arya L.M., and Paris J.F. 1981. A physicoempirical model to predict the soil moisture characteristic from particle-
size distribution and bulk density data. Soil Sci. Soc. Am. J. 45:1023-1030.

Arya L. M., Leij F. J., van Genuchten M. Th., and Shouse P. J. 1999a. Scaling parameter to predict the soil water
characteristic from particle-size distribution data. Soil Sci. Soc. Am. J. 63:510-519.

Arya L. M., Leij F. J., Shouse P. J., and van Genuchten M. Th. 1999b. Relationship between the hydraulic
conductivity function and the particle-size distribution. Soil Sci. Soc. Am. J. 63:1063-1070.

Bobee B., and Ashkar F. 1991. The Gamma family and derived distributions applied in hydrology. Water
Resources Publications.

Buchan G.D. 1989. Applicability of the simple lognormal model to particle-size distribution in soils. Soil Sci.
147:155-161.

Campbell G.S. 1985. Soil physics with BASIC: Transport models for soil-plant systems. Elsevier, Amsterdam.
Fredlund M.D., Fredlund D.G., and Wilson G.W. 2000 An equation to represent grain-size distribution. Can.
Geotech. J. 37:817-827.

Gupta S.C., and Larson W.E. 1979. A model for predicting packing density of soils using particle-size distribution.
Soil Sci. Soc. Am. J. 43:758-764.

Haverkamp R., and Parlange J.Y. 1986. Predicting the water retention curve from a particle-size distribution: 1.
Sandy soils without organic matter. Soil Sci. 142(6):325-339.

Hwang S., Lee K.P., Lee D.S., and Power E.S. 2002 Models for Estimating Soil Particle-Size Distributions. Soil
Sci. Soc. Am. J. 66:1143-1150.

Hwang S.1., Powers S.E., 2003a. Lognormal distribution model for estimating soil water retention curves for sandy
soils. Soil Sci. 168, 156-166.

Hwang S.1., Powers S.E., 2003b. Using Particle-Size Distribution Models to Estimate Soil Hydraulic Properties.
Soil Sci. Soc. Am. J. 67:1103-1112.

Hwang S.1., and Choi S.I. 2006. Use of a lognormal distribution model for estimating soil water retention curves
from particle -size distribution data. J. Hydrol. 323:325-334.

Hwang S.I., and Hong S.P. 2006. Estimating relative hydraulic conductivity from lognormally distributed particle-
size data. Geoderma. 133:421-430.

Leij F.J., Alves W.J., Van Genuchten M.Th., and Williams J.R. 1999. The UNSODA unsaturated soil hydraulic
database. p. 1269-1281. In M.Th. van Genuchten et al. (ed.) Characterization and measurement of the hydraulic
properties of unsaturated porous media. Univ. of California, Riverside, CA.

Russell D.A. 1976. Particle size distribution characterization for the coarse fraction of a granite soil. Soil Sci. Soc.
Am. J. 40:409-422.

Schuh W.M., and Bauder J.W. 1986. Effect of soil properties on hydraulic conductivity-moisture relationship. Soil
Sci. Soc. Am. J. 50:848-855.

Shirazi M.A., and Boersma L. 1984. A unifying quantitative analysis of soil texture. Soil Sci. Soc. Am. J. 48:142—
147.

Vereecken H., Maes J., Feyen J., and Darius P. 1989. Estimating the soil moisture retention characteristic from
texture, bulk density, and carbon content. Soil Sci. 148:389-403.



Journal of Water and Soil e (83,9LaS @luo g pole) SIS g Of 4 s
Vol. 23, No. 3, Fall 2009, p. 20-27 &Qé’,i/}ﬂf, YooYV o IPAA b o ol TY uls

Comparing Log-normal and Gamma distribution models for representation of
soil particle-size distribution

M. Sadeghil* - B. Ghahreman? - K. Davary®

Abstract

In recent years, many researchers have attempted to estimate the soil hydraulic functions (e.g. soil moisture
characteristics curve, and hydraulic conductivity function) using particle-size distribution (PSD) curve. In these
studies, an accurate mathematical representation of PSD is required for fitting the observed data. So far, some
mathematical models were developed with different limitations. The goodness of fit is directly related to the
number of the model parameters. However, estimating the parameters for higher-parameter models which have
no mathematical or physical significance is a problem. Among the current models, 2-parameter Log-normal
distribution model with mathematical significant parameters has been considered as a basis for many studies. In
this study, it is indicated that the 2-parameter Log-normal distribution model can not be very accurate for
representation of the PSD for all of soil textural classes. As an alternative, 2-parameter Gamma distribution
model is proposed for more accurate representation of the PSD that its two parameters also are mathematical
significant and readily computable. These two models have been compared in fitting the observed PSD data of
461 soil samples from UNSODA soil database. Gamma distribution model indicated a pronounced improvement
in representation of the PSD. Based on Coefficient of determination (R?), in 362 samples and based on RMSE, in
323 samples, Gamma distribution model showed a better representation of the PSD than Log-normal. To
evaluate the significance of the difference between two models, a t-test was performed. The results showed that,
at confidence level of 1%, the R*-values of the Gamma model are significantly greater than those of Log-normal
model. Also, at confidence level of 5%, a significant difference between the RMSE-values of two models was
shown. Therefore, 2-parameter Gamma distribution model is judged to be better than 2-parameter Log-normal
model for representation of PSD.
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