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Figure 1. The region under study in Iran and the province of Kermanshah and location of observation points.



Ol Ko 9 (218 &2l

Las

)Jgstatﬁw\'{j\ bJL&L&‘t{JZaYO' }\" O

LS\JJ ke dLAe)\J.:\ BE LSS}L C))ﬁLw L o g

Ml Sl sl S5y (S b Kiom S oail 4
Sladie 3 eslinal L Sb gl Sis e il
L 35 L ai TT Al L o ke
B 3 (O S5 Jpb) 5 o il

N . - . - - . .. Z. Z.
.J)J. d‘ W)w‘j 6)LAUNLJAJ1) s.)l:)w.ff 6‘)2-‘ ‘ §m: o)'\Ju‘ BE )]aJ 3)‘},« LSLAL;}.J vsjl., Lg,ou_.“
e S ;}_;&iélﬁ i pis Jbo (5o el ;4 =Y J g
Table 1. The semi-variogram model parameters for six soil surface properties.
o bl ol sl
Lo it o o ; . Slaskas I . _
~ (Glasks -5 atel) ) &b o) bli car G908 e
Semi-Variogram R Nugget L iabl
model Partial sill ange(m) effect Minimum distance ag (m) varables
(total sill-nugget) of point-pairs(m)
Lo (1) o
d 45.63 2206.4 21.55 28.8 600 o
(exponential) Sand (%)
Sl (ARG
25.68 4734 16.79 28.8 1500
(exponential) Silt (%)
sLas 3]
< 26 2040 2236 28.8 1500 e
(exponential) Clay (%)
o ) J e
o 0.188 3039 0.179 28.8 750 S
(exponential) Organic carbon (%)
‘(L (1) Jolrs s <l S
&
(exponential) 59.24 1605.5 46.8 28.8 750 Equivalent calcium
P carbonate (%)
sLas (1) o5 Ko
o 158.29 3463.9 146.86 28.8 600 >
(exponential) Gravel (%)

L]

e ool ol S s (o

(% Equivalent calcium carbonate)

Y Omnidirectiona () Omnidirectional mhl)‘ Omnidirectional
) ‘ . . 0
w———————— T h—————— e ———— - -
‘ @ . S S NS S S T
100 S i R o 0t //'_‘_"
» . R
L //’ ®rf T r/’ .
/ ot wr
60 /’ af 160
40 18 120+
12 80+
20 6 40 r
0 0 0
0 800 1600 2400 3200 4000 4800 9500 6400 7200 0 2000 4000 8000 8000 10020 0 700 1400 2100 2800 3500 4200 490 600 300

Inl

(%o clay) ;4o (o

(% gravel) Jyl $1ss (il

e s SO i S
Omnidirectional ' 4 Omnidirectional yqw B Omnidirectional
___._/_/___114_——'—___‘__. T e —_—= ek *77————777‘777.7.
7 . 7 .
25 st A 035+ /"’h
7
g b | /" 3t
o2 y
4 sl/ st /
gk
84 02/
2 l» 015+
"k 01
L4 § 005+
2000 4000 8000 2000 10000 B 90 U800 JM0R007A00 (8800, S80I AO0ATAN) 0 800 16800 2400 3200 4000 4300 5500 6400 7200
n ™

% sq T :
(% sil) e ds (2 (%isand) ;-2 ey (e (%organic carbon) I -, £ 4o s (o

e S (S A gl i o Y YK

Figure 2. Semi-variogram of six soil surface properties.
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Table 3. Qualitative covariates used to downscaling.

Ty alE a5 IS slaas

The number of classes
for each raster map*
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p=i *2=100000%0.001=100 m

* For convert cartographic scale to pixel size, it is assumed that the smallest area discernible is 1 mm by 1 mm. If we

consider the smallest area resolvable on a map A and scale number i , the pixel size (p) of 1:100,000 conventional

maps can be calculated as (15):
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Figure 3. Concepts of extent, pixel size, point and block support.
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Figure 4. Soil maps pattern. Picture 1 and picture 2 have the same Pixel size but picture 2 is on block support
(where block size is equal to the grid cell), picture 1 is on point support. In the same way picture 3 and picture

4 apart from the grid cell is larger (20).

1- Disseveration
2- Deconvolution
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2- Regression Trees

3- Response variable

4- Explanatory variables
5- Link function

6- Complexity parameter
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1- Generalized linear models
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3- Adjusted R2
4- Lin's concordance correlation coefficient
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1- K-fold cross-validation
2- Root Mean Squared Error



OolySod g (28 & 2Ll

LSS bt (e g Glhess
(/0=2) Sl ((2/F=2) sy (/=) Ao
5 ON=21Y) J1 0 S (G /5=0) Uslas odS Sy S
s 5 o 56S opd Sldas sl (/A=4/Y) ST
il (SaS glaine b (Scan 0V 05,5
Sser 2 S da oSy wan (B 5 L 5 L
o G e ) 5 Sb b S o
Solsr patls 5 H S5 et patlh oot
A 0 JK2) 4d sdalin Yo S8 a3 L oo
Dt Seed eyl DD ke gl e
b plas Shedlial ) el p b yize G
At 3 AL (ALS Sy Sl e e
Sl dulp 5o HSde A4S e ler

iz S 13 eslinal 550

W Jals (S e w5 ok b LS S
w8 2Ll G s GiPR R el
e Slitie 5l Ol g SGS a4 S
o 2l Ol S S il gl a3,
e DL oLl A o8 5 Lol g Cula
Sl ke 3 S s (A4S e Olyes
et S B e IS SLS b i
Clyiie 6 Coso ol A el Kias
adlllas )50 S S5 b o/0) o 8 (S8
e Jdsa) L S LIl Lo g e SI
Lol o @l Saman Jsliz aesls 5L
5SS sl n Seed e
(I oS o e o Gt e Sl
wals oS A3 Lasiie oy S 5 dabes oS Sl S

695000 700000 705000 710000 715000

Direct duration
T High - 43en

1775000

770000

7770000

780000
7780000

175000
1775000

3770000

1780000

775000

770000

695000 700000 705000 710000 715000

1750000

3775000

1770000

3780000
780000

1775000
77000

3770000
7770000

3780000

175000

770000

(MRVBF) YU K65 a5k 03 5 lsmn 2l

695000 700000 705000 710000 715000

695000 700000 705000 710000 715000

(Elevation) sl ;!
©

Topographic wetness index
T High 24

Low:0

3775000

3770000

1770000

775000
775000

1770000

1780000

775000

1770000

695000 700000 703000 710000 715000

(Topographic Wetness Index) 318y 5 o axls

(Slope) =

bl S e Sl S5 b (Krer (St 4SS (sba i slaatd -0 IS
Figure 5. Maps of covariates that were most correlated with important soil properties.

Yo



Sl WYY 50 /0Y e il e o
e b e (620 00 Sy o3l 4 by e oS
oS sl Slape :ls alyy JMRe o F0S
YO+ Sy o3l 4 4 3g TPV edd ailow
S N P R Rt
oot S 3 (V) A3 A Gl
Al sl e O S eIl gl (/AY) sl
RAES S S en (Sl e ) imen
L OOV s glax Sla e nSle ad

s e OLES
S 0S5 0L 55 5 ealital b5l s
Sheslial b e Golepbdansy 2L
o it Ao Sl G5 O
N i 4 il Siees oyl s el LS
Wil e e YOO oSy o3Il L BLsjl s o/¥F
oSN ol plide 515 ot e (P dsir)
slas Sla e Kl sy o feS YOO Sy
ok Sl s ol Ol ) (WAL pass
ot sl Sl Sl 3550 5 Oge S
heh S 3 AL e M
O oSy o3Il gl o VY 5 /08 L e sl
sl Sla e 5:le wiy 1565 5 Sl
el oSy Il e 5l (TN (asis
SR 1 S e das e QLS s 3l e
S gy 5 (IT)) el S s
o Slayye S0ke 4l 508 5 (/F7) Gollas
el ol Cesay e YOO Sy s3ll gl (V)
350 33 Ogew S5 O3 b (g3le el il b
D e AR S el Gl Sl JT S
(VD) il Saan o o 5 (/0F) 0l Lo
oS sl Sl ke ahh) o 5eS g
Syl Gl e YOO M ol @ (/YY)

I L dalas andS Sl S e (5l pulie s

A

Ly SRy Gileskien, @l gL
6uﬁ;¢¢ 05 g0 g‘“k:i‘j-i) g_;.’li)'ﬂ @L:} S adbae
5 Jolon ol Sl S T S e e
o3l 4y 2o YOO 5V er O LSy o3l 5l ey S
Bl ran s sladae Sleslaal b e Voo LSy
Sl ol e3ls Cf: R Qﬂjf) Ol s

(F dsa)
ub(....w b sladde 5 eslaal oL, z=b
Sheslimal b ol e (ol pmlida s ob)) s
das o Ol aBl ("‘M L514;- sladt {,_:_Ujfj\
el s kb pAS e b S (P ds)
axdlas 5,50 Gla JuSly o3Il (gl 3ilas ST
3N e O e s el Gl e
o O oSy o3l a4 byye oS Col o)
Sl oSl ke ke 508 e il
FeSe ol e gl TN e (gl
P Ao o Claw 5550 Al s
B Ko s 5 (VTY) eAE A
A sl e O Sy il gl (/8A)
iy Me 1p 5eS e O JuSo o3Il rzmen
s a1y (VRV)) pedss gl Sl e 500
O VS O V) T BRI\ ROl W
sl Soan s 5 (/YY) 0ld Ldss s
b Olape SKle ados njeS 5 (10)
el e e YO LSy o3l gl (70T
33 Sl ol oals QLS Y Jad 5 &S sboles
YOr Juy o3 L JT S @3l e s 1
IOV oA3 185 i o M 2
aiyy o ieS 5 (V0) Gl Shan u s s
el el sy (/YY) et Sl e Slee
kS LS e Gl pbida sy L) mS
a3l ot sladae oS0 51 eslizal b olas

5 ek bl S o s SR s e Ol



Ol Ko 9 (218 &2l

=5 s Lol s e YO LS o3l gl
Gladis 5 O S5 0l 55 S5 53 4 2L
&JJ.: )LM..: J“S:i o)‘Jul U'i‘ 6‘): ml.ir.‘&.xj L;]a;-
Al AR SN 5 es g -
oIl Sl dolre oS Dby S (ol ebita s o
Voo Yo S

sty (F1A7) ot Dl jo SOls i)y (505

Ogew S5 Oy Jogy b je

5 (/OY) dd L s o oYL Ll el
ey Il sl CVY) il Soan
35l beens Ja gladde JBs, Lo O
e wa s Jlae Sl Ll s S
Sde Bl 5 il Stian o b 5 el Ldas
o S (il i o Slaje Sl aly
St sladte sy Lo O Sy el U
SOl G o e adl e
Sl wen S L s Loadles ool s
PN RSV R SIS
Lo Ol iVl 5 3 4y by pe ilad (Stan
O RSass Slamon Al on S Ao«
35S Gl s s das e Ol il
Syl Jldie 5 S gl Sns w daly 55 40
G «ssSesls 5 ol sl Esy Loy WOl ok
O H P S R (VI D REN W
Symye Landad pde (il by Olles b &S
Wt a gloxl BB, psba o8, Glaald o
Aoy i Bk 5l (Y)Wl e Jsl ol
o> g Lam.é.,\;l (ol ey sladi sl L5§J‘:;3VA)>
el Oludl by il a8 o sl
S Lol el 5 S s Sy mis Sty
S Sl ol anlllan 5,90 adlae ;3 lame gla e
SslSesls 5 golel e =Dl o wg
3okl S Shs A et sln

JA[SL;G u_ias LSLA]‘*:“‘ )‘ oslaiul L: oD

YY

Ut A S s T S
YV e Gl (Saes s s edS e
o Slaye Sbe ale) FeS 5 Y
Sl i) b sl e (FFAL) cpass
das o 0L Qﬂﬁ) Ol s 5l eslanal b eﬁji.'“u
5 I i b e e
iy S s CVA) Gl Saees oo
B BT N (ZAA A B VST PRPR (W
(F Jdor) ol O LS
Sph e sdalie ¥ o Jous 3 &S b0lks
Ao YO LS ol Sl e (ol ulide s
RS G Osam S5 Oty Eas Lo Ve
s A 3 (AL et Sl e 0L 4l
s e Ol &Sl (7)) Gl S
wlipans Jat ladde 4 Sl 0o S5 O3
Sre 3 Ses e ol ole plde gy Aol B o
S adew jate ole wlidassy Aol 3 ps Lol s
Lo Vo Sy ol 4 e 00 LSSy o5l
R | P P S| r:ijji“ 31 el
oot iy 2 5 (O] edE A e
Sla e sl ke alyy o 508 5 (V) Gilles
2l e G S S el s (Y1) Uas
23 el wlaans s gladie 4 Cend S,
AoVt YO LS ol Sl ey ol elide
Sl aly o 5eS Osew S, Ol s L
oo YL bl el s () et Sla e
sl Soan s 5 (/YY) 0ld Ldss s
sladie G, b Sy oIl e gl s (4/0)
Lol osls & NURRY ;)jb__, bl rasns P
Sigan g 5 (IT)) el S s
G b sl plian, O Jel G Gl
sl (/0 508 S ) oS O S 5 Ol s

sl @B e s sl e



F Qg S5 Ol ys)  gsledls (4 e
QMM«SUN))&;LSLAW .:,\J'.f;;a
Sl mliogny bl 5 Como s SaS (gl i
JKn Ail o hns 55w, S @ gladite L el
2 GP Sen Coaal  (T0V) O
Jhbe S sl gl KaS la e 5 Cods st
2 07 wlasls 4t e S8 b agty
S 3, 3y aie oSy o3Il Lias e LS
aa ol S el b bl Jae L OT s
5 JsB B oo 5 LS L1, S gl e
20l pelode

OLen 5 bl 5 (YoF) Ol 5 Ll
3 s Slopelida gy Sras Sl eslisal L (Y0 e0)
e gladde 5 St Oge S5 S3UT ke
R BIF Ak (SeS laesls 5 anlpens
B s LS plden; | OB, s S
Lasei 2l Gmcila, L gole by
eslizal 53 (Y008) OLKan 5 O gm0 350 Lol (F 1)
EREEPY | WIRGVET TR PW Y B e oo
LS mis Golwomlie s 55 By cnl cind
5SS slaesls ol cuas 3l U1 08w,
(YY) dils G e b a0l Cirs  SKtosan
Sl pite O3sai by 02 Opem S, Ol
3 o5, K 5 1 S o 0354 allles 355
s Jhe Sl e e Ve Ve LS o5l
ol 03 305 Jas 4l pans

Ji,u:w?;%yﬁ;uﬁvsg_éww«e-j;p
Sl s s el S oo el
e & o Ogaen S5 Ol 3 Je s o il e
5 LSy lul S gl ales s
Ul Jhe ol S Ul e wciliie gla e
Ol s Sl bepane (il by 53 65

3 LSJ‘i*-’.' 3 (Y+0) om0 j.?jj RGO PSR

YA

I Ll 4l et il —f S 4 S
Sl @28 om0 PSS 5 e O Sy
D axm s (e Vv WSy o3l el uldass,
(e ) (55958590 55 (AS nite o 33,5 o p ghas
Selp adlsy S s Sl m55 ook
oyt Sy e ol &5 oeled 53 el
VoSS s ek &l s S5 Ol s Ldas OLES
IS s ol a8l e (Gl Co s 5d)
e YO LS 3l b T o S sl el oo —F
OLES 1y ot pulido sy M op S i (o= IS
S Sl 53 e (SeS e eane Aas e
Osoms S5 Ol 3 bz YO Sy o3ll L I
Llos sy Ol S 5 (2Ll 0 5 p A L)
LB =7 PSS s (G S gl VO SS)
g P ISE s e O Sy ol Loy S
U s o OLE 1y sdd alidagsy o S 428
5o WU SSE o Lo Gulger s
(oobdiml (SOPSopeS B S sla e
Slaais Olgea b > S 5 2L G
00 S e (Sl pliia ey Lol b 5o g NS
O aBleend Jat Jde b e 0 LSy 5100 L
o o3 Bl (e s Lol cul b 15 Ls S
Sl ate 1 5Dl ess Sl pae Aoy /00
3 WO PSPt [ RN L g e 3 SaS
35 O S5 Ol s 5 alens o gladis b
b e ple 428 50 5 caliies sla LSy o3l
p\f (ol ol (goloa gt aesls oL ez Laa,
03 Sl eesls Cuwal ol S o4
bag S 5 b Sns wihe
(A OF OF) ol ol AST Cilisee 0 Sia s,
2SS glagine 35 Ok Uls e (IS5 sbe
Sl Saaen 5 b, Cilose sla LS 651
L olw mwbin sy 5 Sae a8 WHls Gua i L
s gladi) bl e, SISl eslind



Ol Ko 9 (218 &2l

Ll S s oo sS clapae ot

5 Sheanb Ol s e S (YY) Ol

02 ablaess o cladle 4 o O oS 5

IS Sy b slp O B 0550 5 ablymans s ladis 2, b lu by Ll (omi sl gl —E Jguer
o2 P e ka0l K S GO sw) G N ey o3Il 4 e YO g Ve 00 () ple) ey o3l

(il e (51 e Sl o Kl ks 5l 0 508 5 GIES (Shemrad o o oAb bt (e
Table 4. The validation results of downscaling process six target variables from 50, 100 and 250 m block

support to 10 m using generalized linear models and regression trees (grey color in each row indicated the
highest adjusted-R2 and concordance correlation coefficient and the least RMSE.
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Figure 6. a) block kriging map of silt (pixel size=50 m), b) downscaled map of silt by regression tree (pixel
size=10 m), c) block kriging map of organic carbon (pixel size=50 m), d) downscaled map of organic carbon by
regression tree (pixel size=10 m), e) block kriging map of gravel (pixel size=50 m), f) downscaled map of gravel

by generalize linear models (pixel size=10 m).
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Abstract

Background and Objectives: Digital soil maps with fine resolution are one of the basic needs of
users and decision-makers in agriculture, natural resource and environment. However, in our
country, there is scarcity of this kind of data and producing fine resolution soil data is very costly.
Therefore, downscaling digital soil maps arises as a suitable option in order to produce fine
resolution soil data. Objectives of this study were to examine and evaluate downscaling digital maps
of some soil surface properties from block supports 50, 100 and 250 m to block support 10 m using
direct approach across Merek sub catchment in Kermanshah province with an area of 24000 ha.
Materials and Methods: Firstly, spatial structure information of soil surface properties including
%sand, %silt, %clay, %organic carbon, %equivalent calcium carbonate and %gravel were determined
using legacy data (320 randomized point samples) and variography. Then, block kriging maps were
produced with block support 50, 100 and 250 m. Terrain attributes, Landsat images, geology map,
geomorphology and land use maps were used in this study as auxiliary variables. Correlation
coefficient between auxiliary variables and target variables was calculated and auxiliary variables were
significant at the 0.01 level selected as model inputs. Afterwards, downscaling direct approach was
used. In this approach, relationship between the soil properties and auxiliary variables with coarse
resolution were identified using generalized linear models (GLMs) and regression tree. Next, calibrated
parameters and fine resolution covariates were applied to prediction soil properties in fine resolution.
Models were trained on 75% of the block support data in accordance with original data and evaluated
on the remaining 25%, using k-fold validation (k=4) procedure.

Results: The results showed that amount of sand and gravel had minimum and maximum
correlations with covariates, respectively. Considering all the pixel sizes, the highest correlation
were obtained among soil properties and elevation, direct duration, convexity, slope, topographic
wetness index and mrvbf. Downscaling gravel map from block support 50 m to 10 m by GLMs
showed best performance (RMSE=5.57%). Downscaling sand, clay, equivalent calcium carbonate
and organic carbon from 250 m block support and silt from of 50 m to 10 m block support using
regression tree led to estimate the lowest root mean square error (3.9%, 3%, 4.39%, 0.21% and
2.31% respectively). Besides, regression trees showed the best performance in downscaling of soil
properties with different pixel size.

Conclusion: It seems that direct approach would be able to downscale digital maps of soil variables
(such as silt, calcium carbonate equivalent, organic carbon content and gravel) with acceptable
accuracy and efficiency. Obviously, GLMs and regression tree can lead to strong results if the
correlation between soil properties and auxiliary variables is high. It can be concluded that various
auxiliary variables at diverse pixel sizes have different relationships with the target variable which
affect the performance of the downscaling.
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