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Introduction

Food security has been the most important human concern on the planet. Food security and future changes in food
prices and crop development undeniably depend on the average yield of crops. Rice is the second largest crop in terms
of area under cultivation and provides food for more than half of the world's population. Due to the importance of rice
production, it is important to monitor its production on a large scale. Remote sensing and geostatistical methods play
an important role in the spatial and temporal evaluation of climatic, soil, living factors, and management methods.
The study of the amount of yield obtained in the province of Guilan can provide appropriate information in
advancing/pursuing goals such as the study of the amount of yield gap in this region; therefore, this study was
conducted to evaluate the yield of rice using two methods of geostatistics and remote sensing approach in 2016 and
2017 in Guilan province.

Materials and Methods

In this study, different methods of preparing vegetation maps to determine rice yield maps were evaluated. To
compare methods based on satellite imagery and geostatistical procedure models to estimate the rice yield of rice
cultivated lands in Guilan province, a study was conducted in 2016 and 2017. For field operations, 320 fields were
surveyed to record grain yield (the total of 238,000 hectares of rice-grown fields) during the physiological maturity
stage. In this study, 33 statistical procedure models were used to interpolate the amount of grain yield, and then the
accuracy of interpolation methods was evaluated using various statistical criteria. Satellite-imagery-based methods
using Landsat 8 satellite Operational Land Imager (OLI) sensor images related to the dates of June 18, August 9,
August 21 in 2016, and July 23, August 8 in 2017 and the images of the Sentinel-2 satellite on June 30 and September
13, 2017, were used. Eight satellite-derived vegetation indices were calculated and the relationship between them and
the yield variable was extracted using the regression relationship, and the yield map was prepared and evaluated. By
fitting the peak logistics model between yield values and vegetation indices and selecting the superior index, the yield
map was prepared with the help of remote sensing and the obtained yield maps were compared with different statistical
criteria.
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Results and Discussion

The results of the evaluation of geostatistical interpolation methods showed the superiority of the ordinary stable
kriging procedure model over other models. In this study, the RV vegetation index was selected as the superior index
to predict actual yield throughout the Guilan Province. Comparison of geostatistical procedure models and satellite-
imagery oriented models based on the determination coefficient of regressed equations and root mean square error
(RMSE) to estimate grain yield in Guilan province showed that both procedures had acceptable accuracy, however,
due to the ability of remote sensing to distinguish the pointwise optical reflection of phenomena and to predict yield
with high spatial resolution, this method achieved higher accuracy in yield estimating.

Conclusion

A comparison of geostatistical and remote sensing methods in predicting farm yield indicated that the remote
sensing method was more accurate. Early harvest forecasting based on the information extracted from this study
showed that the use of image/images obtained in June and August and the OLI sensor of Landsat-8 satellite in Guilan
province can be used as a basis for forecasting the yield of this plant in the coming years. Such studies in Guilan
province, by considering the share of Guilan province in the country's rice supply, will play an effective role in
managerial decisions regarding rice supply and demand at the macro level. The results also showed that sampling in
the study area based on a regular (systematic) spatial pattern can increase the accuracy of geostatistical methods in the
estimation of regional yield. The results of this project can provide suitable basic information for other studies such
as the yield gap, the reasons behind it, the relationship between land suitability and the obtained yield, and forecasting
and estimating yield in different time periods.
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transformed soil-adjusted vegetation

index
S90S a3l
Perpendicular vegetation index
odd Jloy ol Jolis jasls
Normalized difference water index
2l oad Jloy gl adls

Normalized difference vegetation index

ol Juolis asls
Difference vegetation index

a X (byr —a X bggp — b)

TSAVI
aXbN[R+bRED—aXb
PV byir —a X brgp — b
V1+ a2
NDWI (bnir-bareen)/( byir+
bGreen)
NDVI bnir — brep
bnir + brep
DVI bynir — brep

Ren et al. (2018)

Ren et al. (2018)

Zolekar & Bhagat (2015)

Mohammadi Ahmad Mahmoudi et al.
(2015)

Mohammadi Ahmad Mahmoudi et al.
(2015)

0 aile Vg /D HlaEe 93 glyls oS Aib o BLS ibe 59y SB B rals gl s Jole th (uw 1L Doreen « 55 50,8593l 33b ONIR o8 15L DrED

(Huete, 1988) w5 b8 L5 1> +/0 S uomas Jole o5T508 (a8 (ider b gblia (slp ) g bowgio (aLS e w51y (sl
brep: Red band, bnir: Near infrared band, bereen: Green band, L: Adjustment factor to reduce the effect of soil on vegetation, which
has two values of 0.5 and 1. 0.5 for medium vegetation density and 1 for areas with low vegetation density. Soil adjustment factor
was considered 0.5 (Huete, 1988).

b S8l 0 glo,lanle wglad Wlasuin -Y Joua
Table 2- Details of received satellite images

8,92k LRV S &b o @y, Sl o
Satellite Sensor Date Path Row Cloud percent
(Landsat 8) A cusul oLl (June 18, 2016) sl > ¥4 166 034 2.38
(Landsat 8) A cuod OLlI (August 9, 2016) »l> 0 VA 166 034 0.24
(Landsat 8) A cuod OLlI (August 21, 2016) »l>,0 ¥ 166 034 0
(Landsat 8) A cuwsd oLl (July 23, 2017) sls 0 ) 166 034 0.02
(Landsat 8) A cusl OLlI (August 8, 2017) sls,s VY 166 034 0
5 lgale &b chw Dodyosloms ( SUpl ooy
Satellite Date Platform Tile number  Cloud percent
(Sentinel 2) v- Jus MSI (June 30, 2017) ,54 SENTINEL-2B T39SUB 0

(Sentinel 2) y- Juziw  MSI

(September 13, 2017) ;4,5 ¥Y  SENTINEL-2B

T39SUB 1.24
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Table 3- Characteristics of bands used in satellite imagery

S 0)lowd T Jsb 5L 0, Lo T Jsb

K4 0,lgalo ; 2,lgab .

’ v 9‘5. Band Band number il ).9‘5 Band Band number il
Band Satellite number (um) Reference  Satellite (um) number (um) Reference
. A e 3 0.533-0.590 Yot 3 0.533-0.590

Green (Landsat 8) (Sentinel 2)
o2 A cuaid 4 0.636-0.673 Yo 4 0.636-0.673 (b)
Red (Landsat 8) (Sentinel 2)
ppople A cuwd 5 0.851-0.879 i 8 0.851-0.879
Infrared  (Landsat 8) (Sentinel 2)

(a): https://landsat.usgs.gov/sites/default/files/documents/LSDS-1574_L8 Data Users_Handbook.pdf
(b): https://sentinel.esa.int/documents/247904/685211/Sentinel-2_User_Handbook

(Y JSs) s edmlie (i jd p,56lS YARY) il i b
by (ABly 5, Sl cestio Jao bl 5 WAF Jlo 53 uisxed
Mo oy 5 iy &S Cawl 0390 JS 53 p,50LS FYVY B YYY. atels
@ lde (pyieS g (S 5 p)Sels YYVF) LAl Gl 4

7 JS.3) s 3L (1550 5 p,55hS FYF 1) ki gl

JLeTimey higy 3 ouldliesl L (2819 8 jSlas ooy o

A odly Lyl ledly &4 Jae oy Scaolio Ll conlaiwl 350 (slaodls
IR a0 s dy glaskad Sl oy S g 9 (P JS3)
sl Jla 390 yuiie Al 203 VO 5 208" s (] 5By 085
S il Wosls ail doyd YO B YA e STyl (668 Sl
stund S il 0l do YO 5 i a5 Sloj 5 5,0 lawgie
2 i & glasbad 31 cuns (Cambardella et al., 1994) .l
(Y% 5 WA slaJls o cuspas YV 5 51) ab 5 Slas puio
1 Jpie) ool it ol sl g Lawsio SIS (Stuon Sl
Jlo 33 5L 13l aiely 5 il 4 (glaalad 31 s 5aS e
odly gy (Sl (Siwod 0422yl VWAD Jlo &y s VTAS
Fomb laskad 3l ooen (F JSG F Jods) cunl VYA s
etﬁ 5 d,,fo)'lxl sballad g 5ol odiad lis WWAF Jls p
o VA0 Jlo b &y s 5iSasS Jolgp 3 SIS
(¥ JSo 5 Jy)

3 ookl b Sy s (Siyal et al., 2015) o, Kan 5 Jbo

ETM + otizeis dlls Cuin 0y9 psbad j| Jols RVI asls
S5y Jde 93] (30038 VW Jlo 3 1) @i 5Shes jlade
sl yasls lade g ord iy Jgame jlade oo bl (ooloidn
O3S Sl I gne (e o pd b olS (S jew 093 29l 2 RVI
3,8 dwsiar (gl RV (2dls 5,8 0 a8 )3 )54y 5 ,Slos
- = 4layly (Yaghouti et al., 2019; Wang et al., 2019) ¢z,
(Kimetal., pu5 alS ide ol clszee L RVI [asls s
L@y 5 puS Sy 035 o om Vb (Siwen 2013)
o3lizl b 4y jbg 5,Skes 351, (Zhu et al., 2008) RVI jasls
o2l YL Siwwen (Gutierrez etal., 2012) RVI 2515 ]
3,5 5 (Balasundram et al., 2013) &L 4, 5,Kee L RVI
(Saccharum  Sis 3 Sdas g Ady wyp 4 RV 23ls
(Simoes et al., 2005) )b _sxe oyusd o po L OFficinarum L.)
0db (sl 9 03b Cud 3 Slee (g )S) dlaily Cunl 0 ()15
abis A ¢ WYAD Jlo jd 9050 da Ae p RVI e ls SeSL
38k 5 RVI [asls oy I ine dbaly 35 3YR5 o 5 90l
odd dygly (Bly 3, Slee o S (Y JSK3) ol plis |y g il
Jlo 55 e lis i Jae (ol 1y oS il (gl
T S o)y (ABly 3,Sles RVI [adls olul 5 VY40
Oy oS Cawl 039 S 5y p,SolS FFO b YVOO aials gl
2 ol S g (e 53 p)SelS FIVO) Lkl (s jed 5 ¢
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Table 4- The linear relationships between the vegetation indices and yield in 2016

s . oS e
Juw o oylele bl 295 88 ol ol OB RS s ey oibe
Year Satellite No_. of Imagede;ctcgumng Index Function ge(t)s]:frlr?ilﬁgttig; RMSE U Sl yo
points (percent) (Eg'\fgﬁ)
309 (June 18) sls 5 Y& NDVI  1098.5x + 3619.1 0.06** 5.72 270.0456
309 (June 18) sls )5 ¥4 NDWI  1135.1x + 3676.6 0.05** 5.71 270.6862
309 (June 18) sls,5 Y& DVI 14.953x + 4036.6 0.07** 5.72 270.0139
2016  Landsat 8 309 (June 18) sb 5 va TVI 2001.1x + 2160.7 0.06** 5.72 270.0135
A 309 (June 18) sls,5 Y& PVI 1098.5x + 3619.1 0.01ns 5.70 271.3446
309 (June 18) sls,5 Y& RVI -962.43x + 4472.2 0.06** 5.72 269.9875
309 (June 18) sls,5 Y& SAVI 1652.6x + 3619.8 0.06** 5.72 270.0503
309 (June 18) sbys Y& TSAVI  13.044x + 3594.5 0.02* 5.69 271.9201
309 (August9) sb,e N2 NDVI  2655.7x + 3154.3 0.36%* 5.98 254.4204
309 (August 9) sb,e V4 NDWI  3142.4x + 3254.5 0.35** 5.98 254.3260
309 (August 9) 5,0 )& DVI 25.864x + 4049.2 0.34** 5.96 255.5671
Landsat 8 309 (August 9) s« & TVI 4765.2x - 306.44 0.36** 5.98 254.1094
A 309 (August 9) s« & PVI -17.775x + 4111.3 0.04* 5.72 269.8164
309 (August 9) sls s 14 RVI -2244.4x + 5171.4 0.37** 5.99 253.7387
309 (August 9) ss,s 14 SAVI  3995.7x +3154.8 0.36** 5.98 254.4223
309 (August9) sbye .  TSAVI  34.342x +2481.6 0.27** 5.90 258.9876
309 (August 21) s ¥\ NDVI  1720.5x + 3588.5 0.14** 5.78 266.6810
309 (August 21) s, ¥\ NDWI  2516.7x + 3527.4 0.20** 5.82 263.8540
309 (August 21) sls 5 ¥\ DVI 15.369x + 4101.6 0.12%* 5.75 268.1043
Landsat 8 309 (August 21) sls 5 ¥\ TVI 2774.4x + 1527.6 0.18** 5.87 261.2683
A 309 (August 21) sls 5 ¥\ PVI -14.447x + 4108.8 0.03** 5.68 272.5188
309 (August 21) sls e ¥ RVI 29.701x + 2700.8 0.18** 5.88 260.7151
309 (August 21) sy ¥\ SAVI  2323.4x +3542.6 0.17** 5.86 261.6838
309 (August 21) sy, ¥\ TSAVI  -1306.9x + 4718.3 0.18** 5.86 261.7527

O e i g 70 g 7Y Jlein g )3 Iy dme s 4 NSI gFF X
#% % and ns: significant at the level of 1% and 5% probability and non-significant, respectively.
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Table 5- The linear relationships between the vegetation indices and yield in 2017

o . . ooyl (ke jda
Jw  aylele bl ol Ry )b sl dsleo o TS i Olap s Ol
Year  Satellite Num_ber Image acquiring date Index Function Coefflc_lent_ of RMSIé RMSIé
of points determination
(percent) (kg.hat)
350 (June 30) ,s4 NDVI 313.73x + 4045.9 0.04** 3.95 198.4866
350 (June 30) ,s4 NDWI 462.64x + 4018.5 0.06** 4.00 195.7066
350 (June 30) ,s4 DVI 9.6155x + 4332.2 0.02** 3.93 199.8453
2017  Sentinel-2 350 (June 30) ,54 TVI 637.87x + 3566.9 0.04** 3.96 198.2976
Y- St 350 (June 30) 54 PVI -3.942x + 4240.6 0.001ns 3.92 200.4158
350 (June 30) 54 RVI -361.2x + 4329 0.05** 3.96 197.9668
350 (June 30) 54 SAVI 474.06x + 4051.9 0.05** 3.96 197.8531
350 (June 30) 54 TSAVI  -7.0839x + 4225.2 0.001ns 3.92 200.5732
350 (September 13) 5 o VY NDVI 36.548x + 4217.9 0.001ns 3.92 200.46
350 (September 13) ¢ 50 VY NDWI -5.656x + 4232.2 0.001ns 3.92 200.31
350 (September 13) g 5o VY DVI 1.0101x + 4230.7 0.001ns 3.92 200.58
2017  Sentinel-2 350 (September 13) 5 58 ¥V TVI 65.075x + 4170.9 0.001ns 3.92 200.4839
V- it 350 (September 13) s, 0 YY PVI  7.5764x +4189.2 0.03** 3.97 197.4
350 (September 13) ¢ 50 VY RVI -30.266x + 4245.9 0.001ns 3.92 200.51
350 (September 13) 5 o VY SAVI 148.71x + 4164.5 0.001ns 3.92 200.55
350 (September 13) 5 o VY TSAVI  3.5276x + 4176.7 0.03** 3.99 196.26
350 (July 23) b5 50 ) NDVI 584.22x + 3893.5 0.15** 4.05 192.1951
350 (July 23) »l550 ) NDWI 777.99x + 3877.4 0.15** 4.05 192.3069
350 (July 23) »l550 ) DVI 2.3753x + 3859.1 0.18** 4,12 188.1027
2017  Landsat 8 350 (July 23) »l5 50 ) TVI 1155.4x + 3034.9 0.15** 4.06 191.8223
A ot 350 (July 23) »l5 50 ) PVI 3.2348x + 4062.4 0.10** 3.99 196.314
350 (July 23) sl5 50 ) RVI -622.18x + 4405.9 0.16** 4.07 191.2944
350 (July 23) »l5 50 ) SAVI 878.31x + 3893.3 0.15** 4.05 192.1861
350 (July 23) »l5 50 ) TSAVI 7.2577x + 3427 0.16** 4.13 187.1347
350 (August 8) sl>,0 VY NDVI 1549.3x + 3761.1 0.32** 4.18 183.4421
350 (August 8) 5,0 VY NDWI 1951.4x + 3757.9 0.31** 4.19 183.0952
350 (August 8) 5,0 VY DVI 16.667x + 4274.2 0.32** 4.18 183.8923
2017 Landsat 8 350 (August 8) 5,0 VY TVI 2731.9x + 1785.8 0.32** 4.19 183.2481
A o 350 (August 8) sl s \Y PVI  -15.275x +4314.5 0.08%* 3.94 199.1917
350 (August 8) 5,0 VY RVI -1254.3x + 4909.5 0.33** 4.19 183.0367
350 (August 8) sl ,0 VY SAVI 2332.4x + 3761.2 0.32** 4.18 198.4866
350 (August 8) sl>,0 VY TSAVI 22.443x + 3332.1 0.21** 4.13 195.7066

b e il g /0 o Z) Jleisl paws p3 )5 me s 4 NSI K X
#% % and ns: significant at the level of 1% and 5% probability and non-significant, respectively.
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Fig. 2 - Regression relationship between recorded and predicted grain yield a) with the help of RVI index at 80 test points in
2016 and b) with the help of RVI index at 86 test points in 2017
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Fig. 3- Actual yield map of Guilan province based on the selected model based on the RVI in 2016 and 2017
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a) 2016

= Model * Binned < Averaged distance (Meter), h 104

b) 2017

= Model ¢« Binned «< Averageddistance (Meter), h 1074
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Fig. 4- Experimental semi-variograms and the model fitted to them by the ordinary kriging stable method-model for grain
yield in a) 2016 and b) 2017
ol gl 315 5] oS sl Campn 4 S35 bls 1SSke ol cute slaceMe 0l (¢yglaen bl 1,8 blis dblis oas o3l 351y led piipens o (of b %
# The blue line of the semi-variable model of the fitted points, the red dots represent the collected points, and the positive signs are

equal to the average of the points close to each other to prevent the results from interfering.

IFAT 9 VY0 sl lw 43 & 3 Sdos slaodly SISe JUa Lo ow ) 5] 9 addllae 4 03lw] dyg0 (sLdlos pnti i (sLDANE0 - Jou>
Table 6- Parameters of semi-variograms used in the study to investigate the spatial structure of rice yield data in 2016 and

2017
Jlw Jxe Slazkad 1 B U el i 4y glankad 31
Year Model Nugget effect Sill Range Nugget Effect to Sill (percent)
2016 (Stable) ol 56744 39261 350 69
2017 (Stable) <.t 39803 10692 20249 27

piS gl3e 2Skes Sllugi 39ln )3 (Jsane Sim S ogllas
S opl il sas 5,155 (Nasiri Mahalati et al., 2016)
Syely 5> (Azhirabi et al., 2019) oy Kas 5 lpsl & ol
i) glae s p MGl (5] Wigad 450 53 pa5 3 Slos
9 Rgaland 03905 (IS 1) (Jgeme Siom)S 4 Conid Sl
Sizw)S 65y cle (Tesfahunegn et al., 2011) ;Ko
e @l e S (2ligr® sbohs) ple 4 Cund Jgone
G blE S il Sl 4 g 0ads (S E90 Jolgd (2bgy
S 3)Slas (Sgw Sy daly 0390 (B 2bogy @B )
A Jgome SiomyS o9y 52 b oo b odd (o 9 oM
dal) 35 VYRl 5 s da AS 4 VYR8 Lo > s abai
by 3 Slas g Sz )5 gy ) 08 (2l Mo Gm sl sixe
sl o 390 (Bly 5 Slas & S5 (0 JS2) ol Lt |, gy

A3 oo Ui Gite Jhom sy bl 2 1y oS b

by Gl copd g cpad o g wlol Casdds s by,
OsSbe o (508 bl 2 WWAD Jlo )b 03l (L V- Jga>
S Jaom s focins s e 3 (F21/00) s ol
Dy b 2ySles obygyd 3 Jlemhgy cpyine J-Bessel- aolw
Sz )S Jlo— gy 5l asuie Mg, salie pie Jdoay Ll
(V J5A>) A8 edlawl .))g\Lo& u‘flﬁdﬁ)) S Stable—gw
s lye (1 ke Yl (peS elol 2 WA Jlo 3 uiones
—Jgere S S Jhem gy ol dme (el o ps g (V0)/00)
Cawl a3l g5 ally 0,Slae Sbyeyd 0 1y € o5 ke Stable
(A Jg)
~ U9y sl 4 Cand Jgere Siom S (550 plegh ol B
A Hlis 1y ool Kz S 5 Sl Kiow S Jols b yey0 o
dSles (2biygp d (Joere Ko, 35 55 500 Glidsd
5,)5 g (Liuetal, 2014) o s SB Sluogas 5z p
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Table 7- Results of evaluation of 33 model-methods used for interpolation of rice grain yield variable in Guilan province
[Ordinary (OK), Simple (SK) and Universal (UK)] based on the root mean square error (RMSE) in 2016

o jia . ole jd
g o9 ods,) Jue aalze O b s las bl ol s ol

Year Interpolation Model Function Coef'flc_lent_of o Num_ber of a
method determination RMSE points RMSE

(percent) (kg ha™)

oK (Stable) ot Oé%%sl%;;‘; 0.057%* 3.74 320 319.66
oK (3-Bessel) O o 0.057%* 3.77 320 323.93
OK (K-Bessel) O o 0.042%* 2.90 320 295.42
2016 oK (Ho'éﬁiﬁ;” A O o 0.058%* 3.65 320 300.91
OK (rOtiO”;l'J ;ﬁ‘*‘}cﬁ par 0L 0.055** 373 320 324.47
oK (Gaussian) s Oé%%slc_’g;;‘; 0.057** 3.74 320 317.13
oK (Exponential) L Oé%%%?;;g; 0.031%* 2.70 320 209.93
OK (Pheﬁ ;Si‘;] :n’éz ) s 0.030%* 2.69 320 299.78
oK , G ;’Sﬁeﬁ’; ) O s 0.030%* 2.69 320 300,54
oK (Spherical) ;. Oé%%%%’;gs* 0.030%* 268 320 301.12
oK (Circular) slo yls 03%%%%1;5 0.030%* 2.67 320 301.77
sK (Stable) b Oé%%%%zgg; 0.095%* 2.58 320 302.42
SK (3-Bessel) O o 0.12% 265 320 301.05
SK (K-Bessel) O 0.004%+ 257 320 3025
SK (Hoiﬁig” A O e 0.11%* 2.72 320 299.83
2016 SK (rOtiO”:L $ par O e 0.086** 2.42 320 303.84
SK (Gaussian) s 05%39%%2;2; 0.095** 2.58 320 302.38
SK (Exponential) L Oé%%%%gf 0.082%* 244 320 304.52
SK (Pﬁ ;Sf;] ;:é; ) O 0.091%* 2.58 320 302.98
SK ( Ti; ;;ﬁeii): b 05%38355’;23‘; 0.092%* 2.59 320 302.88
SK (Spherical) (5.5 Oé%%f 4*11‘8* 0.093%* 2.60 320 302.74
sK (Circular) slo yl> 05%3;‘552;9* 0.004%* 2,61 320 302.5
UK (Stable) cub 05%233?5;;‘; 0.045%* 281 320 204.06
UK (3-Bessel) T 0.060%* 3.77 320 323.65
UK (K-Bessel) Oé%‘;%%’;;; 0.044%* 287 320 200.17
UK (Hoiﬁig” A Oé%%%’;;(; 0.058** 3.65 320 309.61
UK (rotional hie 53 x> 0.0084 * x + 0.030%* 2.65 320 297.59

quadric) 3955.4801
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0.0979 * x +

2016 UK (Gaussian) 5 S o 0.057* 3.74 320 319.44
UK (Exponential) s 020" X 0.033%* 275 320 296.58
. *
UK (PL;; ;Sf[-;‘;] ;I’C’; ) Oé%%?sz;‘f 0.030%* 265 320 297.89
*
UK ( TU; ;’Sﬁeﬁ’é N %%%77?50;‘; 0.030%* 2.65 320 298.084
UK (Spherical) s, 05%0577?5355 0.029%* 2,65 320 208.24
UK (Circular) sl s Oé%%%(.’;;jf; 0.029%* 2,65 320 208.04

b e il g 70 g 7Y Jleisl e 3 ) xe ud 5 4 NSI KX
#% ,% and ns: significant at the level of 1% and 5% probability and non-significant, respectively.

23l (OK) (Jgore Sy ;5] WS (yliawl 3 g5y 41 3ok yukio (39,3 (81 3Lkl 3,90 Juo—ywg,; ¥ (b5, gl -A Jgua
VAT Jle 43 (RMSE) U Glay o onilie yd (bl 52 [(UK) Sl 5 (SK)
Table 8- Results of evaluation of 33 model-methods used for interpolation of rice grain yield variable in Guilan province
[Ordinary (OK), Simple (SK) and Universal (UK)] based on the root mean square error (RMSE) in 2017

. b i oo o yde
Jle w09 0o Jae dslze o Siro s clay PR
Year Interpolation Model Function Coefficient of o Number of al
method Determination RMSE points RMSE
(percent) (kg.ha™)
OK (Stable) e 0'323%%46;:3(; 0.127%* 238 340 22751
*
oK (3-Bessel) O e 0.117% 2.40 340 22276
oK (K-Bessel) 0'323%95’;;9" 0.138%* 247 340 22321
2017 oK (Hoiﬁd“‘g” A 0'3%‘;49’;;4* 0.118%* 241 340 229.4
ec .
oK (rotional u‘”‘“"d _')” @ 0'323%813926‘; 0.12% 241 340 226.27
quadric -
oK (Gaussian) s 0'313%%716;(; 0.117% 241 340 225.68
oK (Exponential) L %é%?;;;; 0.125%* 243 340 218.82
A9 & S9 0.1988 * x + s
oK ) o o 0.123 242 340 218.54
ele 95 0.2014 * x + -
oK ) o o5, 0.122 241 340 218.66
*
OK (Spherical) 5 O2007 Xt 0.122%* 2.41 340 218.88
oK (Circular) (gl ls 0-323%1151;;_)‘0" 0.121%* 241 340 218.97
SK (Stable) .ot 0'317%‘2'592’3; 0.123%* 151 340 227,68
SK (3-Bessel) O e 0.105%* 123 340 230.95
*
sK (K-Bessel) 0'317ﬁ°232‘0+ 0.121%* 1.46 340 228.1
SK (Hoiﬁd“‘g” A 0'317%6230’;;‘1" 0.105%* 117 340 23157
ec .
S N
2017 SK (rotional @Jud : )’° 2 OLF0S Xt 0.103%* 153 340 226.23
quadric -
*
SK (Gaussian) .5 o 0.101%* 131 340 230.05
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