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Remote sensing based yield estimation of rice (Oryza
sativa L.) using gradient boosted regression in India

Ponraj Arumugam, Abel Chemura, Bernhard Schauberger and Christoph Gornott

Table S1: Parameters tested in the hyperparameter tuning to find the best model from GBR decision trees
for all the states.

min_sample_ min_sample_

States Observations n_estimators learning_rate max_depth .
split leaf
Uttar Pradesh 26775
Punjab 11942
Chhattisgarh 11035 . 500-5000 . 0.01-0.001 . 3-15 . 2-10 . 1 and
West Bengal 10674 (interval of 500) (interval of 0.001) (interval of 2) (interval of 2) 2 —4 (interval of 2)
Andhra Pradesh 9847
Odisha 6678
Madhya Pradesh 6003
Telangana 5291 500-3000 0.01-0.001 3-15 2-10 1 and
Karnataka 5155 (interval of 500) (interval of 0.001) (interval of 2) (interval of 2) 2 —4 (interval of 2)
Maharashtra 4937
Haryana 3773
Bihar 2495
Gujarat 2417 100-1900 0.1-0.01 3-13 2-10 1 and
Jharkhand 1264 (interval of 300) (interval of 0.01) (interval of 2) (interval of 2) 2 —4 (interval of 2)
Uttarakhand 922
Rajasthan 651

1 _1 .1— . 1 —1 2_1 1 d
Jammu & Kashmir 413 00-1000 0.1-0.0 3-13 0 an.

Himachal Pradesh 37 (interval of 100) (interval of 0.01) (interval of 2) (interval of 2) 2 —4 (interval of 2)

T

5| N 2946
NSE 0.93

DES yields (t/ha)
w H

N

-
N

3 4 5
VDSA yields (t/ha)

Figure S1. Comparison between two different observed yields, VDSA and DES.
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Figure S2. State-wise relative importance (%) of input parameters (time-series LAI values) in GBR.
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Table S2. The state-wise aggregated yield (2003 to 2015) of observed and simulated.

State OBS SIM
Andhra Pradesh 2.86 2.85
Bihar 1.23 1.30
Chhattisgarh 1.49 1.50
Gujarat 1.77 1.96
Haryana 2.87 2.89
Himachal Pradesh 1.58 1.71
Jammu & Kashmir 1.57 1.79
Jharkhand 1.85 1.83
Karnataka 2.55 2.61
Madhya Pradesh 1.16 1.22
Mabharashtra 1.38 1.57
Odisha 1.50 1.52
Punjab 3.81 3.86
Rajasthan 1.87 1.92
Telangana 2.88 2.94
Uttar Pradesh 2.08 2.12
Uttarakhand 1.69 1.96
West Bengal 2.49 2.57
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Figure S3: The comparison between state aggregated over the model development years (2003-2015) of
observed and simulated yields. The points in the plots are representing states. The red and black lines are
representing the trend line and 1:1 line, respectively. The values for the indicators N, NSE, d, and r are
representing the number of observations, Nash—Sutcliffe model efficiency coefficient, the index of agreement
and the Pearson's correlation coefficient, respectively. The histograms on the plot representing the yield
distribution in the observed and simulated yield.
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Table S3: The temporal validation between block-level observed and simulated yields. N, d, and r represent
observations, the index of agreement, and the correlation coefficient, respectively.

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

N 105 103 104 103 98 96 99 98 87 87 81 83 81
d 0.65 0.72 0.68 0.59 0.62 0.67 0.66 0.72 0.64 0.67 0.58 0.66 0.57
r 0.7 0.81 0.64 0.52 0.7 0.76 0.71 0.74 0.65 0.65 0.67 0.79 0.56

Table S4: The parameters used for analyzing the assessment of the goodness index.

Statistical parameter Formula Reference

The index of agreement (d)

_ [ ?=1(Pi - 01‘)2 ]
i=1(IPi— 0] +10; — 0])?

. .. . . ?=1(PL' - Oi)z
Nash-Sutcliffe model efficiency coefficient (NSE) 1 - w [2]
n (0; —
Mean Absolute Error (MAE) ZIP — ol [3]
Yi- 1(0 0)(P. — P)
Pearson's correlation coefficient (r) [4]
f 21,0 - 07 [L3n b~ Py

2100 = 0)(P, = P) \

\f 210~ 07 [Esrar- P2

[5]

Pearson's correlation coefficient of determination (R2)

Root Mean Square Error (RMSE) \/%Z( P, — 0,)? [6]

%Root Mean Square Error (RMSE) 100 = Z(Oi)—l * \FZ(PL. - 0,)? [7]
n

Note: Pi — Time-series simulated yield anomaly; Oi — Time-series observed yield anomaly; n— Number of time series;
0 is the mean of the observed yields

Equation S1: Multiple linear regression model

Y; = Bo + B1Xi1 + B2Xiz + BiXik + Bi

Yi = response value for i** individual

Xij = value of the jt independent variable for the it individual
o = Intercept of regression equation

[ = coefficient of the j*» independent variable

(i =i random error component
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Spatial distribution of simulated yields from the year 2003 to 2017.

Figure S4



Remote Sens. 2021, 13, 2379; doi:10.3390/rs13122379 S6 of S7

0.7
06 - mLinear Model
mGBR
o 0.5 -
©
2 0.4 1
6
= 0.3 A
(@)
¥ 0.2 -
0.1 A
0- Q SIS N Q
& Yo & ® Q > v Y
FLEFLEL L & & ST F £ & F
& TEFITFELFFEEITFT P T E P F
L& XX B O Ny S L& &
O ¢ RN S S
Yﬁ \\&‘?‘ Na \sl

Figure S5: Comparision between GBR and Linear model’s (trained with 80% of data) accuracy on test data
(validated with 20% of data) for each state.

Table S5: Comparision between GBR and Linear model’s (trained with 80% of data) accuracy on test data
(validated with 20% of data) for each state with the difference increased in GBR from linear models.

States Linear Model (R2) GBR (R2) % difference
Andhra Pradesh 0.19 0.54 182.7
Bihar 0.21 0.45 116.7
Chhattisgarh 0.19 0.40 110.8
Gujarat 0.1 0.33 225.1
Haryana 0.22 0.41 86.4
Himachal Pradesh 0.04 0.41 917.9
Jammu & Kashmir 0.26 0.54 106.9
Jharkhand 0.13 0.32 146.2
Karnataka 0.18 0.34 87.2
Madhya Pradesh 0.09 0.36 300.2
Maharashtra 0.12 0.45 276.1
Odisha 0.05 0.28 468.2
Punjab 0.27 0.50 86.5
Rajasthan 0.14 0.64 357.4
Telangana 0.13 0.28 116.9
Uttar Pradesh 0.08 0.25 216.9
Uttarakhand 0.5 0.64 28.0

West Bengal 0.16 0.50 213.0
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