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3- Downscaling

4- Generalized additive model (GAM)
5- Dissever

6- Cubist

7- Random forest

8- Direct approach

9- Point sampling approach
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1- Consortium
2- www.globalsoilmap.net
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3- Block kriging
4-  Shuttle Radar
http://srtm.usgs.gov/
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1- Regression trees
2- Artificial neural network
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Figure 1. The position of study area in Iran and the province of Kermanshah and location of observation points.
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1- Normalized difference vegetation index
2- Soil Adjusted Vegetation Index

3- Grain Size Index

4- Clay index
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3- Restored map
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1- (https://github.com/pierreroudier/dissever)
2- Ensemble model
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Table 1. Environmental covariates of digital elevation models and Landsat 5 images.
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Table 2. Statistical parameters of soil organic carbon in study area.
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Table 3. Parameters of fitted models on empirical variogram.
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Figure 3. a) Histogram of soil organic carbon, b) Histogram of logarithm soil organic carbon, ¢) Circular
model fitted on empirical variogram of soil organic carbon, d) Block kriging map of soil organic carbon.

QYT g /CAVYY /e0Y00 /Y sl
Ales gy ot Ol e alyy Sllie op 530S bl
LS Jle & 55 0L Ol culal
shls b Sla o g:fvl:ﬂ adlo, A ui)'?vs
Gais ol S50 Come 5 33
QLN s o3 e sladie b el ulida

Lledds esls

Yo

bl 2 G S edd el seadd g
520 oS Gl Gle i Sy de Ll
Il 5 S A sl
Yo 5l ol ksl 5 LSS Ve Sl o
¥ OUSE s S sl sl ki gla oSy Ao s
d LSS hla s Jde &S das e 0L
3 o0 @laesd dde 5 0 1SS 5 S S

Locsysa VLS s ol bt Je



IAR (V) o5l 3 +) s plasly g 9SS Catpaite @y puid

~

=

% Random forest gislas |&or

F

Pl

|

o

Rt

% 1 2 3 4 5
{- Iteration ;| S5

~

E Gam gen 3338 oo

= i

3

Cpy ¢E————————————
e l——eeeeee e
o= T l 1 T
% 1 2 3 4 a
; Iteration )| 55

Crry Ang™? o == PSINY T ST M T TNASINY

Cubist ey 58 Jus

S

0.048

Iteration , S5

Linear model L= J.s

LI
;

0.088

Iteration )| 55

ot e Gl e sl bl - SO
Figure 4. Optimisation parameters for each predictive model.

ol odd Olo Jie Sl bl add a0y 42
oSp b e s gladds VL O3 b M
O 63k Sl bl Ll S 5 el 48 L
S del bl gbacs Jlasl (SIS <0
2058 aBlaend Jde oo patedir ot glade
A edalie 4l 42
Sl =355 508 DUl s
SLald b ol 08 e m5 5 mU anlie ¢l
(ola Ko S Je 3l ol 3Ll
Jde 5 ot g8l Bl e Jde (e Je
GANVA G/VY G0 LS e e pate i et
b e Ol ol Cewsa /TEY 5 /YA
Jbe 51 ol sddgilul il aens &5
U @SSO el bde ple 4 s S S

.:)\aqlixijjm@j}:

A

R B S o R L

Sz 5 by Sl 5 e s 5 ol G,
Cilosee gladie 3l Jol sasgilest JI oS
S ) IS b s s ¢ Jsax)
bl sl bl oS e s s o(Ssk
=Sl MAY=Sh= /A= Blas)
Seophe (1/0Y= K o= lns Sl

GM = Plas) b ls sl sl el w

A/YY

@Y= lre Ol ol WYY = Sl M /AY= Sl
S elas s Jleasl oS5 wb ol (V= S
45\)\ 0 J.(.Iv BL) A.LL_:' YV T oJuI:LSJLAJL: L5LAA..;}.5_:
33 ol glais Jla S @‘}5 el 0
ezl (S15 &b« Soo5 Sl dies S

C%\) 0 &S med Jde gilsl glaals Jls|



Ol Ko g (218 &2l

ailises gladie 5 eslial b sdd g3l 5wl JT op S slaadh g bl sla ml )l ¢ Jgu

Table 4. Statstics parameters of base map and restored soil organic maps using different models.
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Figure 5. Probability density functions of the restored and base SOC maps. The range of map data is indicated
using vertical lines.
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Figure 6. Downscaled maps of soil organic carbon using multiple linear regression model, generalized additive
model (gam) cubist, random forest and ensemble model.
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Table 5. Evaluation criteria restored maps with base map.
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Table 6. Parameters and Variogram models of restore maps along with the base map.

il s bl Glankss I oS sl Juke Jue
Range Partial sill Nugget Variogram model model
. ezl e
3552.16 0.00543 0.00 Pentaspherical
Ensemble model
3108.55 0.00933 0.0008 Pentaspherical 5
Cubist
sl 1
3859.25 0.0046 0.0001 Pentaspherical ol S
Raodom forest
50 TR
2231.72 0.0016 0.0002 Exponential FRpe o2
Gam
3450.02 6.0086e-04 5.396e-05 Exponential S
Linear
. Ll il
1051.25 0.0139 0.00 Gaussian T

Base map (block kriging)




Ol Ko g (218 &2l

4 0.02 )
I
o 0.015
7
8 0.01
g
S 0.005
>
0
0 1000 2000 3000 4000 5000 6000
distance o8
—O—block kriging _s sk Sz s —TH model ensemble s Jie
—L— Cubist ey s —*—Random Forest _ssla K-
S = GAMGiL peans 538 —_— Linear Model > Ju. )

Al B L edd 3l SLatE sl i aelie -V S

Figure 7. Comparison of the semi-variograms of the restored maps with the base map.
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Abstract

Background and Objectives: In most national and regional projects, in order to produce a
digital map of soil properties, usually sampling density is low due to costly and time-
consuming. Because of this, produced digital maps have a large spatial resolution (more than
90 meters) that can’t be used on a farm scale (spatial resolution less than 30 meters). One way to
solve this problem is to downscale of digital maps with coarse spatial resolution using
covariates with fine spatial resolution. The purpose of this study was to investigate the
efficiency of the Dissever algorithm for producing an organic carbon map with a spatial
resolution of 30 m from a carbon-organic digital map with a spatial resolution of 90 meters.

Materials and Methods: The study area is approximately 14084 hectares and formed a small
part of the Karkhe catchment in Kermanshah province. Initially, using 110 random observations
and block Kriging method, an organic carbon map was prepared with a pixel size of 90 m.
Then a set of 23 environmental covariates associated with scorpan factors including climate,
topography, living organisms and maternal materials were used as predictor variables. SRTM
digital elevation model and Landsat 5 satellite imagery were used to provide climatic and
topographic predictors and vegetation and geology indicators. The dissever algorithm is a
repetitive process for approaching a mass balance solution. Multiple regression model,
generalized additive model, cubist, random forest, and ensemble model used for production fine
spatial resolution map. In order to evaluate the efficiency of different methods, restored maps
(obtained by converting downscaled maps with 30 m resolution to maps with 90 m resolution
using mean filter) were compared with base map (block kriging map) using validation criteria
include Bias, R% root mean square error, and concordance correlation coefficient. The spatial
structure of the restored maps and the base map was also investigated using parameters of their
experimental variogram.

Results: The relationship between the covariates and the soil organic carbon using data mining
methods in the framework of dissever algorithm resulted in the production of downscaled maps.
The results showed that the probability density function of the restored map of cubist model is
very close to the base map probability density function. Also, the downscaled map using the
cubist model had the highest coefficient of determination (0.75) and concordance correlation
coefficient (0.8) and the lowest root mean square error (0.06) and bias (0.001). Thus, cubist
model have the highest efficiency of downscaling in compared to the rest of models. . It was
also found that the use of ensemble model increases the accuracy and precision of downscaled
map compared to single data mining models. The study on the spatial structure of restored
maps indicates that the cubist restored maps captured more of the variance of the base map
than others.

* Corresponding Author; Email: shahrokh.fatehi@gmail.com
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Conclusion: The modified dissever procedure due to the use of data mining methods and
ensemble model is a practical option to downscale soil properties map with coarse resolution.
Considering the high efficiency of dissever algorithm, this method can be used to prepare soil
properties map at field scale from national and regional maps which can be used in farm

management.
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