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Figure (1): Case study and studied stations
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Table (1): The geomorphometric factors used in this research
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Table (2): Assessment of the accuracy of zoning methods
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Figure (2): Flowchart of Machine Learning Steps (Sanaye Abadeh & et al., 2014)
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Table (3): Geomorphometric factors extracted from DEM
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Table (4): A summary of the climate data
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Table (5): Assessment criteria for training and testing data based on Geomorphometric factors
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Table (6): Assessment criteria for training and testing data b

d on climatic factors
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Figure (3): The weighting of Geomorphometic factors in predicting the percentage of coverage
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Figure (4): The weighting of climatic factors in predicting the percentage of coverage

sl Lacsls o (LS sla b sseh 5 ook 258
ol L S555 5 W e 355 0 om0 45 335 0
6M@k)ujéjebydﬁrj&jiduéb-
ol )l Bl a5 asl ol 5ol Jale 10 (Y0Y s (b
bl ol ALS i doss g5, S Jelss 5l Llg e
s ol Oldllas ST s anl s S Olge
jQ_A‘J.@ KRR cdjsu}&‘.l_.& AERR cl.;.v('_..l.;‘m)
ﬁdb-’j——.’ AR c()bL—(deﬂLw AN ‘Lf’k—_:f;
e b o i gl oS sls 0L 3 (Y018 0l
53 46 S ok 6 i Cush Jule (ol
&h))&meubd‘wbgﬁg&iﬁzjjif
Sy Casb, a8 (YY) 0L 5 ol 5 (Y4Y)
Al (ALS i S 03 S belse n S
Jole (VT UL 5 ol (e (gl 63515 cyllas
22 ALS s S s e Jelse 51 S sk
bl oy aatllas 350 Lilate 45 bl 31 LSls o Wy 30
5ol oS 01 53 (SUssl by o8 il o Sistans
J_ALC 40.)_:.4. eMl_.j.ﬁ LS)"’_)”M}N .bl}; ).) ‘_;\.:J)L? QJM‘
4-&“.2.& ))jﬁ:\j.b.'w).} u,w.»ﬁ )))Tﬁ).} O..\.L;;J."J‘U u::)la
aS Wlesls OLES (YY) O LSe35 Jego .ol 4l
Lol 3 5l s el olge 50 andl .ol azdls s,
s g laca e bl e ;3 5o s adbe o

S ems g Sou
S5 e 5l s sla ize dosay oS 2y
A DS S|, &S gosba opd e J RS Bl
Lg ‘J)L'J—i‘).\ el ﬁ.\.gg_)K.A‘ upl;— L;L:ﬁljx;- ZJ)M B
dsb 3 5 ek S 5o (SOSAS il b ey 5 s
Slasie b S a5l 2y S L o 0Lsl S
s S e oS (s o adex Sl ol LS
sl bole 5leaallae ol s 10 sy 2l s
ssbeans Jds (635,55 Olgeany ol 5 (s b 50585
ot 03 el Sl laen s S e bl
6Lhd.\_ﬁ O )l J..él} GL’IJ WA v u,lu.::ﬁ Ju.é))
aS ols OLis Laesls & £ gamme (595 odddles! (g5l Sels
S by SB35 (S sb 5085 sl Jale (525,55 L ad e
G g2 A2 > e 53 a3l gl el ol
Jslss i 15 5o 1) 0 e Ol 5 e o cilazils
sl il VL s ad)l oy adan 5y il
s S5 Jolo Ll e 5 eddml Sl (6 585 5055
leesls et a5 3ble 31 2 55 a8 das e 0L aslllae
sl el 6,8 8 oy —r !
35315 53 GLle SaS Wi o s 5085 I I e
3 o il ails Gbla A il Aoy
sl Jole Ol 5l as sls Ot 50 Loa Jole 23055
5aalpl il ma sl ol 51 akol lole (s 20 58550535

aam g b Sl bl s lasls [ 36 o i gl



IWAA 520k o sleer gomun 0 jlovds euiliad Jlw ¢ 3l ST (wsdiipo (g 3y sole aloo \£d

35 5 () OLLSas 5 0LSin 08 55 Oles ol
5 Gloslsabe sl 51 estizal LIS s b 355 aalllas
PLS g o) eSS 3 (s (rae SlaeS
A4S Ly dze ol 0 3L Sl bl o
S L b LS Sty s e 2Ll rae
3l el

2 e Jolss i iadllas 5 ae s slan S oS bl )
e 5 Saasl 3 3L Cpenl a3 28
b OLalS Sl S s 5 3500 el wle slaas o
Ol o Gl gl 31 el 2 s o e s
3 e Gl e 5 L (63,08 Slag el Gl
o w bl adl s S eslial Lol (5Ll 5 Ll roan
La0T iyt 5 ol oy Sl s Jalse 5 OLLS
o) i e 3 5L el 5 e SV b Olalllas 4
el Joalse s 5 o50S Bl 5 &
2y i @1l OLLS S s S

1. Arzani, H., Abedi, M., 2015. Measure
vegetation. Tehran University Press. Cover 2,
P: 305.

2. Abdollahi, J., Naderi, H., 2012. Soil and
Topographic  variation influencing  the
growing factors of Artemisia sieberi in steppic
rangeland, Nodoushan- Yazd. Watershed
Management (Pajouhesh& Sazandegi), No.
97.

3. Azmi, M,
Development  of

Araghinejad, S., 2011.

K-Nearest  Neighbour
Regression Method in Forecasting River
Stream Flow. Journal of Water and
Wastewater. Vol. 23, Issue 2: 108- 119.

4. Bahrami, B., Ghorbani, A., 2016. The
Influence Environmental Factors on the
Distribution of Plant Species in the Southeast
Rangelands of Sabalan. Journal of Natural
Ecosystem of Iran, 7(1): 33-44.

5. Bates, J., Svejcar, T., Miller, R., Angell, A,
2006. The effect of precipitation timing on
sagebrush steppe vegetation. J. Arid Environ.
64(4): 670-679.

6. Carpenter, G. A., Gopal, S., Macomber, S.,
Martens, S., Woodcock, C.E., Franklin, J.,

doalp Jlis g SLeSs il cadlas a (glacys e
Gl i sl BG4z pa oS ol O 5 S b ol
S Vb cosh,y clew) aall @ 5 585 ol o
il L ) acsb G clelil s b (ady, S bl
3G 5 il Oliee 5 b oo (28l Lo sles g5
54l ol elS 5o sk Olgs 5 0l (S olS b
Ao ss (Al o 35y 4 oLS Ay Sl ae Lail 5
ey andllas 350 idate S Ll 51505 55 g VL ik
— O 53 (Sl b g oS A3l o Sbloaass Gbls
ol sdalin (g ls pai s BB 55 a)L Ol 5 ol
ol B i 35T s Sl Sl i L el
3LSesls sladus Olsl 3 233 5l S s S bl

O EE ron Sl IS s Aoy ot sl
Lg Q\};Lf aS .,thw olis e.l.&rbu‘ Sladlas _).i\.w B) axdao

23 s Jelee e 5 2 i CBs b ladis (5,5 8w

J_LJ:{QKA\\)M“ &.]ot‘.ﬁ)sdi‘.:ﬁ“)} .r“"”....u‘u:“"‘j’ﬁ

@l;.o
1999. A Neural Network method for efficient
vegetation mapping. Remote Sensing of
Environment, Vol. 70, No. 3;: 326— 338.

7. Cristianini, N., Shawe- Taylor, J., 2000. An
introduction to support vector machines.
Cambridge University Press.

8. Darvishzadeh, R. Matkan, A.A. Hosseiniasl,
A., Ebrahimi Khusefi, M., 2012. Estimation of
vegetation fraction in the Central arid region
of Iran using satellite images (Case study:
Sheitoor basin, Bafgh). Arid Biome Scientific
and Research Journal. 2(1): 25- 38

9. Evans, L.S., 1972. General geomorphometry,
derivatives of altitude and descriptive
statistics. Spatial Analysis in Geomorphology,
17-90.

10. Guide to spatial distribution of climatic
factors using point data, 2012. No. 585, Vice
President of Strategic Planning and Control.

11. Gurgel, H. C., Ferreira, N. J., 2003. Annual
and Interannual Variability of NDVI in Brazil
and its  Connections with  Climate.
International Journal of Remote Sensing, 24
(18): 3595-3609.

12. Hengl, H., 2006. Finding the right pixel size,



vy e PLS Giligy w0 )0 (S 30 (5309959093 § (oSl Jolae (21 2L 5,

Computers & Geosciences, 32(9): 1238-1298.

13. Jafari, M. Tavili, A. 2010. Restoration of arid
and desert areas, University of Tehran.

14. Jiangbo, X., Tong, L., 2010. Characterization
of spatial scaling relationships between
vegetation pattern and topography at different
directions in Gurbantunggut desert, China,
Ecological Complexity, 7(2): 234-242.

15. Khan Behbini, M., 2015. The Relationship
between Changes in Longitude and Soil
Factors with Distribution of Vegetation in
Velang Pasture in Golestan Province, range
management graduate thesis, Gonbad-Kavoos
University.

16. Matkan, A.A., Darvishzadeh, R., Hosseiniasl,
A., Ebrahimi Khusefi, M., 2011. Capability
using satellite images and neural network in
estimating vegetation percentage in arid
region. Journal of Environmental Erosion, 1,
7- 27.

17. Mesdaghi, M., 2015. Rangeland in Iran. P:
328.

18. Minggagud, H., Yang, J., 2013. Wetland
plant species diversity in sandy land of a
semi-arid inland region of China, Plant
Biosystems, Vol, 1. No, 147. pp: 25-32.

19. Moghli, M., Afifi, M.A., Yousefi, A., 2013.
Investigation of the role of climatic factors in
the distribution of Hammada salicornica (Case
study: Larestan and Tabas), The Sustainable
Agriculture and Natural Resources.

20. Mohtashamnia, S., 2011. Investigation of the
most  important  environmental  factors
affecting the distribution of Artemisia sieberi
in Fars province. Journal of Natural
Ecosystem of Iran, 1(3): 75-86.

21. Nodehi, N., Akbarlou, M., Sepehry, A.,
Vahid, H., 2014. Effects of Topographical
Factors on Distribution of Plant Communities
in  Semi-Steppe Grasslands (Case Study:
Ghorkhud  Region, Northern Khorasan
Province, Iran), Journal of Rangeland Science,
Volume 4.

22. Rajaee, T., Mirbagheri, S.A., Zounemat-
Kermani, M., Nourani, V., 2009. Daily

suspended sediment concentration simulation
using ANN and neuro-fuzzy models. Science
of the total environment, 407(17): 4916-4927.

23. Rasmussen, C.E., Williams, C.K.l., 2006.
Gaussian Processes for Machine Learning, the
MIT Press, ISBN: 026218253X.
Massachusetts Institute of Technology.

24. Salami, A., Sepehri, A., Akbarlo, M., 2017.
Effect of environmental factors on vegetation
cover of Inche Bouron ranges in Golestan
province, The First National and International
Conference of Food Industry and Organic
Products in Iran

25. Sani Abade, M., Mahmoudi, S., Taherparvar,
D., 2014. Data Mining Applications (2nd
Edition), Niaz-e-Danesh Publication, Tehran.

26. Schmidet, M., Klein, D., Conrad, C., Dech,
S., Paeth, H., 2013. On the relationship
between vegetation and climate in tropical and
northern Africa. Theoretical and Applied
Climatology, 115 (1-2): 341-353.

27. Shary, P.A., 1995. Land surface in gravity
points classification by a complete system of
curvatures. Mathematical Geology 27(3):
373-390.

28. Sugier, B., 1996. Vegetation atmosphere.
(france: Dominos Flammarion), p: 107.

29. Witten, I. H., Frank, E., 2005. Data Mining:
Practical machine learning tools and
techniques. Morgan Kaufmann Publication.

30. Yazdanshenas, H., jafari, M., Azarnivand, H.,
Arzani, H., Nasiri, M., 2013. Investigating the
Effects of Soil Factors on Biodiversity in
Plant Communities of Karvan Rangeland
(Case Study: Isfahan Province, Iran), Journal
of Rangeland Science, 4(1): 34- 42.

31. Yousif Elnour, Y., Zhonggin, L., Omer Said,
M., Muhammad Naveed, A., Feiteng, W.,
Yanqun, B., Bo, Z., 2017. Correlation
between Climate Factors and Vegetation
Cover in Qinghai Province, China. Journal of
Geographic Information System, 9(4): 403-
419.


https://www.sciencedirect.com/science/journal/1476945X
https://www.sciencedirect.com/science/journal/1476945X/7/2
https://link.springer.com/journal/704/115/1/page/1

IWAA 5l oo 5l g 0 5l pootiind Jlw ¢ 3bls oot g5 swsdigen (g 3y ol aloxo YA

Assessment of the Efficiency of Climatic factors and
geomorphometry in predicting vegetation percentages based on
machine learning processes

Zaynab Mirashkari®, Majid Sadeghinia?, Mostafa Shirmandi®*, Maryam Asadi*

Received: 24/12/2018 Accepted: 13/07/2019

Expanded abstracts

Introduction: Rangelands are natural ecosystems having large genetic resources. Since plant vegetation is the bed
of life on earth and changes under the influence of surrounding environmental elements, using environmental
element can highly contribute to estimate vegetation percent more accurately. Two effective elements which can
contribute to estimate the vegetation distribution are climatic elements and geomorphometric. Nowadays, one of
new techniques which have attracted much attention to estimate vegetation percent is machine learning process
which is able to establish a relationship between various variables of environmental conditions with the least costs
and workforce. Therefore, in this study, geomorphometric and climatic elements and data mining techniques have
been applied to address the vegetation percent.

Materials and Methods: The studied region is a part of Yazd-Ardakan plain and Nadoshan region. Sampling and
measuring vegetation percent have been carried out in using transects and plots. In order to extract the
geomorphometric elements, digital elevation models and SAGA software were utilized and also, seven
meteorological stations were regarded to achieve the climatic elements. In the current research, to investigate the
impact of different climatic and geomorphometric elements on vegetation percent estimate, data mining models
such as artificial neural network, the nearest neighbor, support vector machine, decision tree, Gaussian process and
linear regression were used.

Artificial neural network: is one of computational models which can determine the relationships between inputs and
outputs of one physical system and a network of connected nodes even if they are complicated and nonlinear.

The nearest neighbor: involves selecting a certain number of data vectors and random sampling from the set-in
order to simulate the time interval followed by a certain period.

Support vector machine: is an efficient learning system based on theory of optimization applying the inductive
principle of structural error minimization which leads to a total optimum response.

Decision tree: is a method to estimate the discrete functions which are strong against the confused data and are
capable to learn the terminology with two different fields.

Gaussian process: is a random one consisted of random values in each point in a time or location domain so that
each random variable has a normal distribution.

Linear regression: is applied to model the value of a dependent quantitative variable based on a linear relationship
with one or more independent variables.

To assess the models and compare the results, such assessment criteria as RMSE, correlation coefficient and
coefficient of determination have been used. Here, to weigh the input parameters of support vector machine
algorithm, normal vector coefficients related to a linear support vector machine were specified as the weights.
Results: The study indicated that data mining models are able to estimate vegetation percent more accurately.
Using geomorphometric elements, data mining models have shown that Gaussian process model had the most
accuracy in the set of training and test data. As well, in applying the models on climatic data, it has been reported
that decision tree had the most accuracy in the set of training and test data to estimate the vegetation percent.
Discussion and Conclusion: Vegetation is controlled by such environmental variables as geomorphometry and
climate. The results have indicated that geomorphometric elements are of more impact on vegetation percent
prediction as compared to climatic ones. Weighing results showed that such geomorphometric elements as distance
to waterway, waterway baseline and elevation and such climatic ones as humidity affecting the vegetation growth
rate were of the highest weigh and impact in vegetation percent prediction in the desired region.

Keywords: Coverage percentage, Artemisia sieberi, Climatic factors, Geomorphometric factors, machine learning.
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