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4- Rembold et al.
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1- Xeric
2- Mesic
3- Latin hypercube sampling
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Figure(1) Locations of the soil profile description and sampling and rainfed wheat yield
measurement, determined by hypercube method
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2- Digital Elevation Model
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1- Artificial Neural Network (ANN)
2- Decision Tree Analysis (DTA)

3- Merging

4- Splitting

5- Pruning

al e 0dd Aol bl )3 Gas Y
Loads gl 5 ood et ] S
Oslize slaez; S 5 SAGA LI g Sl eslizal
P LY Gkl slaesls 51 e s S sl
0¥ S-Sl Sl ey TN L A St ol pale
Jby ol alE asls (g epaly 5 o)
dlons (S S okiS fuw aLS jasli 5o
b S5s 5 obm )l LB 55 (1 sur) s
e 9 L Wl 9 by kb (SNl caal)
3lge shns 33 5 dms o Al 1y (6,80 p—b;@‘
¢l ol ey sl oo ol 1) Goledde Sy 5 S
(i T 5 S5 Sl gbaal Ol
Sl sy Sl et ool 02 el Sl
S mn ) A eslinal "l e S
b gl Bl 1505 5 (SGST DSl ples
el b o875 1580 p 5 SAeDLT sl 3955 b g
S Sledbl ReliefAttributeEval =, S
Dl (el 4 I G R 53 e s e
o) (3,8 1E eslial sy (iledis 3 5 A8
A3 ks S5 5l as gema 5 0 35 «ﬁ,)}iﬂ
5 BOT 51K o 35 iy U5 085
53 &S o Lol 1 LOT s Slsl 3 Ol 5 e
Sl Shs b & 0dd sl e saman oz ol
Scar 5 Bl GV (Sen oy 2
(A) g oo 031> e 5 V5 LOT Ss)5
Silw o Sy Bodls (& jleskT

caabe s =2 C.\.’f ;Jﬂ.c Sluag !y
U_(J slresls Jii.a FRoyts (53990 855 lresls
aod Gries b 8 B s s e e«
Yo Jske ol L g ey S poa Sledbl caaY
05 JEs glo ke (DM ol s 8 g g
s Ol s gk e alls ) Sl e

Xt ol S jp 4 amee sla i 5 ST glaesls



w3 Ses S a5 St 0L 5 0le )

A

MO PS8 Kot  w s (ST o0lakwl 390 So5 Slaodld () Jous
Table (1) Auxilary data, used in rainfed wheat yield prediction

.
Description

5T by cb)'\ gl
Elevation above sea level
%\jT&;%chu:)l
Channel network base level elevation.
A 25 5m b bl 5 ST 0L Dlaes
Water flow gatherings and related
parameters
005 Gas 4y 0y Slgy Lo e li
Valley width to valley depth index
033 S (5l 50 Ol jan
The flatness of the valley floor

45 &S50 (gl g Ol oo
The flatness of the ridge top
e S s BT
An index of moisture accumulation
ey b & 3 (Bl o g poleS el 4ol
RS
The angle between the contact and the

horizontal surfaces at a real point of the
earth

e 5 sk p2 53 LB 51 53 i Loy 0 S 5
el
The highest rate of change in altitude in
each cell from the altitude model
R S R
Upper, middle or lower slope
S s 0318 O
Gradient of the movement path
Slope aspect of the movement path
S e g Ol e
height of the movement path
Ob o b5t (63 gas aeto 55 Ll
Curve on the vertical plane of the flow
line
O 2V By 5 ) Ken o3l
Degree of convergence and divergence
of the current.
als Lol o g Lol lie
Curvature in the direction of the overall
slope

Elevation gl
AA\_/..!T 4§..& al Chw
Channel network base level
ol C}Vl J:WT slas > Colun
Modified catchment area

Valley depth o, zac
YQ@@):QA)AL;Jl)@UbL;
Multi-resolution valley bottom flatness index
(MRVBF)
YU oSS a3 b (ST b (5l pen Lo ls
Multi-resolution ridge top flatness index (MRRTF)
Wetness index .= el

Slope s

Aspect -~

Relative slope position i . bz
Catchment slope «s > .z
Catchment aspect «.s s> b g
Catchment height «. >~ ¢l |

Slope curvature s (st

Slope surface curvature .z slow bl

Longitudinal curvature Jb gts!

(Gl g (s a6 5 adsl Dlinia

CLLT)I GA)S)J,\AJ’ICJ',;.M
Primary and secondary
derivatives of the digital
elevation model
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Table (1) continued

(NIR"—=RED"

[(NIR - RED)

ok,

+L)Ix[A+L]

"/ (NIR + RED)

/ (NIR + RED

(NDVD s Je 5 Aol LS asls
Normalized differential vegetation index

SAVD S jlos’ s 28 25 Different bandwidths taken from
Soil-adjusted vegetation index
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satellite images
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“Spectral Reflectance measurement acquired in the near-infrared region
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“Spectral Reflectance measurement acquired in the red region

““Canopy background adjustment factor
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1- Discriminant Analysis (DA)
2- K Nearest Neighbors averaging (KNN)
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Table (2) Descriptive statistic of soil physical and chemical properties and the measured yield in the Badr
watershed, Qorveh, Kurdistan province

O ks o Slre ol oSk S JENCS a1y 5 Shes 5 Sl sla S5
Variability Standard Mean Maximum Minimum Unit ol (5,8 o3Il
coefficient deviation . Co
Soil characteristics and
measured yield
3.58 0.273 7.53 8 6.85 _ Al
- pH
25.41 0.046 0.181 0.384 0.114 a0 S Syl
dsm* Electrical conductivity
62.37 0.373 0.598 2.301 0.046 doys ST s
% Organic carbon
174.36 17.018 9.76 65 0 doys Jslas pondS Sy S
% Calcium carbonate
equivalent
16.94 2.418 14.27 26.5 8.9 e E S s e S5 ol s b
Cmol(+)kg™ Cation exchange
capacity
30.37 6.837 2251 42.99 9 dsys o
% Clay
23.51 6.848 29.13 48.58 15.94 KW Sl
% Silt
20.26 9.798 48.35 70 27.17 doys o
% Sand
61.29 10.45 17.05 48 1.59 oo Loy o5 o
Volume % Gravel
87.65 832.16 949.44 2160 0 S s Cf,l,; ol 5,8 ol 5 Shes

Kgha

Measured yield
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Table (3) Error criteria, Concordance and determination Coefficients for yield prediction with different

models
Je £33 4hy) Lo g 053 4y (St Ot s Lo e
Model s 55 0l L g s sl 55 0l Concordance . Determingt!on Mean error
Root mean N coefficient (R") cos;ﬁment (ME)
squared error lized R
(RMSE) Normalize
root-mean-squared
error
(NRMSE)
ANN 160.95 0.1695 0.9778 0.9587 8.4486
DTA 266.71 0.2809 0.9454 0.8964 0
DA 418.39 0.4406 0.9088 0.8328 0
KNN 31.408 0.0330 0.9993 0.9986 3.76
Averaging
2500 A
i y =1.0066x- 2.5868
2" _ 2000 - R*=0.9872 ® @
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% E
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(HLa 35 p Fols) ol ovalin o ,Klos
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Figure(2) Correlation between measured and predicted values of rainfed wheat yield, estimated by KNN
averaging model
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Figure(3) Spatial distribution of predicted rainfed wheat yield (kg/ha), estimated by KNN averaging model
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