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ABSTRACT

Prediction of the crop yield is need of time according to the change in climate conditions. In the
present study, the Agro-Climatic Grape Yield (ACGY) model has been developed with monthly climatic
parameters using multi-regression analysis approach. The developed model was statistically tested for
its predictive ability. The discrepancy ratio, the standard deviation of discrepancy ratio, mean percentage
error and standard deviation of mean percentage error for the model was obtained as 1.03, 0.19, 0.03%
and 0.19, respectively. Sensitivity analysis was carried out for the developed ACGY model using the
parametric sensitivity method. In order to know the future grape yield using ACGY model, climate scenarios
were generated under Canadian Earth System Model (CanESM2) for three emissions representative
concentration pathways as RCP2.6, RCP4.5, and RCP8.5. According to the analysis using ACGY model,
increasing yield was observed in grape up to year 2050 as compared to current yield.
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Grape (Vitis vinifera) is one of the important and
main cash crops of the country. In the year 2019, India
exported 2,16,582MT (10°kg) of grapes to European and
Arabian countries, the cost of which was about 269.265
Million USD. The grape contributes 2% oftotal fruit exports,
out ofthose 90% grapeswere exported only from the Nashik
district (Saxena, 2014; APDEA, 2016). The weather effects
and adoption approaches are notably becoming major areas
of research on crop production (Hoogenboom, 2000;
Yinhong et al., 2009). The globally changing climatic
conditions are major threat which influences the food security
ofbillions of people (Abbaspour, 1994; Droogers, 2004). An
understanding of climate impact on the crop quality and
quantity is essential for prediction of crop yield (Abraha and
Savage, 2006).

Present crop models are location specific with limited
variables. As far as Indian terrain is concern, there are very
rare models found in the literature. The literature survey
reveals, crop yield models are performing better on the local
scale than global scale (Abraha and Savage 2006; Mohanty
et al., 2017). Hence the current study was undertaken to
develop Agro-Climatic Grape Yield (ACGY) model for Nashik
district withreference to the current climate and it was tested
with predicted future climate.For prediction of future climate
the SDSM model was used (Taylor efal., 2012) and for this
IPCCFifth Assessment Report (ARS) was referred (Arora et
al., 2014). Future grape yield prediction was carried out

separately, for three generated climate scenariosas RCP2.6,
RCP4.5,and RCPS.5.

MATERIALS AND METHODS

In the development of ACGY model, the parameters
from the climate domain were considered as temperature,
precipitation, relative humidity, sunshine hour, and
evapotranspiration. The climate data was collected from
India Meteorological Department (IMD), Pune, India. The
location of the studyis 18°19°48 t0 20°31°48 N latitude and
73°09°36 to 75°09°17 E longitude at 565m altitude.

Phenological stages and climatic associations of grape plant

The phenological cycle of the grape plant in the
tropical and subtropical region has mainlysix phenological
stages i.e. bud breaking, vegetation growth, flowering,
berryset, berry growth and ripening, and harvest (Baggiolini,
1952, Cancela et al., 2016). The grape plant in study area
hastwo pruning cycles such as foundation pruning (April to
September) and fruit pruning (October to March). In the
study area the foundation pruning took place in first week
of April and the fruitpruning in the first week of October. The
phenological stages wise or particular month wise variation
in the climate played a vital role in the grape production
(Adsule, 2013).

Statistical analysis for model development

A sample correlation coefficient between the variables
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can be found using Pearson correlation coefficient (r).
Essentially, ris-1d”rd” I showing negative and positive
values of rindicating linear correlation betweenthe variables.
Ifris zero, then thereis no linear correlation (Gupta, 1981).
The significance parameter analysis was carried out using t-
test and p-values. The t-statistics was calculated as the ratio
of difference in the means and the standard error. The t-
statistics can be calculated using the estimated pooled
variance. Once the t-statistics value and degree of freedom
are determined then p-value is determined using t-statistics
table. Once hypotheses is proved then p-value (<0.05) is an
approximate value adopted as significant value (Gupta,
1981).

To develop ACGY model, the climatic parameter such
as temperature and precipitation always shows the non-
monotonic effect on the crop yield. In the development of
such models which need the involvement of multi-parameters
(Gupta, 1981). In this study ACGY model was developed
using multi-regression analysis. The parametric and
component sensitivity method was used to found out
independent parameters. The relative sensitivity value (RSV)
of the input was computed using parametric sensitivity
method. The higher value of relative sensitivity means
grater the impact ofthe input parameter on output parameters.

Forecasting of climate for future yield

In this study, statistical downscaling model (SDSM)
was used for prediction of future climate. Using SDSM it is
possible to generate future climate scenarios (Wilbyetal.,
2002). As per IPCC 5" Assessment Report (AR5) the
Representative Concentration Pathways (RCPs) are new
scenarios and it is the latest iteration of the scenario. The
nomenclature of scenario was done according to radiative
forcing target2.6,4.5,6.0,and 8.5 Wm2(Vanet al., 2011).
In this study mainly RCP 2.6, 4.5, and 8.5 were considered
for forecasting the future climate.

RESULTS AND DISCUSSION

Selection of model parameters

From the literature survey it is revealed that grape
yield (Y; MT ha') is mainly depend on climatological
parameters (Lobell ezal., 2007). To developed ACGY model
climatological parameters (monthly) like average temperature
(T; °C), cumulative precipitation (P; mm), sunshine hours
(SSH; hrs), relative humidity (RH; %) and evapotranspiration
(ET,; mm/day) are considered. In order to develop a
relationship between the dependent and independent
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variables multi-regression analysis plays important role
(Gupta, 1981). Functional grape yield is depending on
climatic parametersand it can be represented as shownin Eq.
(M

Y=ATEBS, RET)..ccovviiiiiiiieiee (1)

After listing out the model parameters, correlation
analysis was carried out to find whether anyrelationis exists
between dependent and independent parameters.

Correlation analysis for yield with climatic parameters

To check the correlation of these climatic parameters,
Pearson correlation analysis was carried out for the period
0f1991-2016. The correlation coefficient ranges between
+1 to -1 as shown in Table 1.

On the basis of results obtained, it is observed that if
correlation coefficient is equal to or greater than +0.3 then
there is existence of relation between independent and
dependent variables (Nikolie et al., 2012).

Significance analysis using t-statistics and p-test

The variables which are showing correlation as per
table lare considered for significance testing. Once the t-
statistics value and degree of freedom are determined then
p-value can be calculated. According to Adekalu and
Fapohunda (2006) if the p-value of the variable is less than
0.05, then it is considered as significant and it is used for
construction of the ACGY model. The t-statistics and p-
value results are shown in Table 2.

It is observed that p-value is less than 0.05 for the
monthlymean of minimum temperature in the January, April
and November; precipitation in August and November
whereas sum of monthly mean of evapotranspiration as
shownin Table 2. Hence, these parameters are statistically
significant and are considered for development of ACGY
model using multi-regression approach.

Agro-Climatic grape yield model using multi-regression
analysis

Accordingly, coefficients for the model parameters
were obtained from the multi-regression analysis and
estimated model coefficients are summarized as shown in
Table 3.

Henceusing intercept and coefficient values (Table
3) the model wasdeveloped as shown Eq. (2).

= -44.67-1.60T, +1.33T, -0.49T -0.01P, -0.15P +0.94
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Table 1: Correlation analysis between monthly climatic parameters and grape yield.
Months — Apr May Jun Jul Aug  Sep Oct Nov  Dec Jan Feb  Mar
Monthly
Avr. temp. 0.12 -0.07 0.30 0.18 0.20 0.30 0.12 -0.13 0.13 -0.01 -0.05 0.09
Max. temperature -0.01 0.40 -0.07 0.54 -0.21 0.24 0.17 0.19 0.08 -0.13 -0.67 -0.10
Min. temperature 0.35 -0.24 0.00 0.09 -0.02 0.09 -0.28 -0.55 0.02 -0.54 -0.28 -0.13
Precipitation -0.09 0.04 -0.20 -0.11 -0.30 0.32 0.12 -0.79 -0.22 0.14 -0.05 0.15
R. Humidity -0.18 -0.14 0.09 -0.06 -0.40 -0.34 0.05 -0.35 -0.22 0.01 0.06 -0.10
Sunshine hours 0.53 -0.29 0.24 023 0.11 -0.07 045 -0.54 0.09 0.39 -0.02 0.09
ETo (mm/day) 0.s3 -0.67 -0.23 0.11 -0.21 -0.11 -0.07 0.73 0.49 0.24 0.21 -0.33
Table 2: Results of t-stat and p-value of model parameters
Parameters Month  t-stat p-value Parameters Month t-stat p-value
Avr. temp. Jun -0.03 0.976 Relative Humidity May -0.608 0.586
Sep 0.96 0.349 Jun -0.468 0.672
Max. temp. Feb -0.44 0.670 Aug 0.468 0.672
Apr 0.95 0.380 Sunshine hour Apr -0.511 0.631
Nov -1.56 0.170 May -0.036 0.973
Min. temp. Jan -3.35 0.000 Jun 0.573 0.591
Apr 2.35 0.030 Aug -0.252 0.811
Nov -2.17 0.040 Nov -1.730 0.144
Precipitation Aug -2.48 0.023 Dec -0.095 0.928
Sep 0.79 0.438 ETo Annual 2.02 0.040
Nov -5.48 0.000
— 10 % Band Width ~ ------ £20%Band Width performance (Easterling et al., 1996). The independent
f’ , variables for the period of 2009-2016 were used for the
® 30 ' t"/'{/’ - validation of developed model. A graph (Figure 1) is
g 25 ///‘ — representing comparison between the observed and
- 20 -//'5- » predicted grape yield. From the validation plot, it is observed
f 15 ) ’//_j/_' ‘ that 6.2..5% of data points f.all Within. iI.O% bandwidth and
& L remaining 37.5% data point fall within 20% bandwidth.
E 10 ,F-".’/ i These values support the predictive capability of the
3 //& developed model (Fernando ef al. 2014).
0 0.0 50 100 150 200 250 300 350 Sensitivity analysis of developed ACGY model
Observed Yield (MT/ha) Using parametric and component sensitivity method

Fig.1: Validation plotofthe developed ACGY model Eq.
12 (2009-2016)

The validation of ACGY model

The recommendation for applicability of the
developed ACGY model (Eq.2) is depends on its validation

(Hamby, 1994) the relative sensitivity values were obtained
for each parameter of the developed ACGY model.The
relative sensitivity value (RSV) was calculated using
componentslike O,,P,and (3P,/50,). The value of mean output
parameter (O,) was 22.49. The input parameter , estimated
coefficient (6P,/60,) and RSV are summarized in Table 4.
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Table 3: Coefficient for model parameters
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Intercept Tmin.Jan. (T, ) Tmin.Apr.(T ) Tmin.Nov.(T ) Pre.Aug.(P ) Pre.Nov.(P) ET
Coefficients  -44.67 -1.60 1.33 -0.49 -0.01 -0.15 0.94
Table 4: Results of sensitivity analysis
Climatic parameters Mean Coefficient RSV
Monthly mean min. temperature in January(Tja) 14.36 -1.60 -1.02
Monthly mean min. temperature in April (Tap) 23.19 1.33 1.37
Monthly mean min. temperature in November (T ) 17.83 -0.49 -0.39
Monthly total precipitation in August (P_ ) 181.28 -0.01 -0.08
Monthly total precipitation in November (P ) 18.07 -0.15 -0.12
Sum of monthly mean Evapotranspiration (ET ) 77.63 0.94 3.24

Table 5: Statistical performance of the developed ACGY
model (Eq.12)

Statistical tests Developed ACGY
model (Eq.12)

Discrepancy ratio (1) 1.03

Standard Deviation of r 0.19

Mean Percentage Error (MPE)  0.03
Standard Deviation of MPE 0.19

Developed
Model - : : - . |
Yield -
Observed
Yield
] 5 10 15 20 25 30 35
Yield (MT/ha)

Fig.2: Comparison between observed yield and model
yield (Eq. 12) (1992-2016)
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Fig.3: Boxplotofmodelresponse variabilitywith reference
to current and future

The higher value of relative sensitivity (RSV)
indicating a higher sensitivity of that parameter. From the
obtained results, evapotranspiration (ET ) is found to be
most sensitive because of highest RSV 3.24. Whereas,
monthly total precipitationin August (P, )is havinglowest
RSV -0.08, indicates less sensitivity. Most of agricultural
crops are sensitive towards climatic parameters such as
temperature and rainfall (Toure ez al., 1995).

The statistical performance of ACGY model

The statistical fitness of the ACGY model was tested
using statistical tests. The discrepancy ratio (r) is the ratio
of'simulated grape yield and observed grape yield. The ideal
value of the discrepancy ratio is 1. The mean percentage
error (MPE) was calculated as the difference of simulated
grape yield and observed grape yield divided by percentage
observed crop yield (Bharadiy and Manekar, 2017). The
obtained results of the statistical performance carried out for
ACGY model is shown in Table 5. It reveals that the
discrepancyratio for ACGY model is 1.03 which is very close
toideal value as 1 (Bongetal.,2013). The results of model
yield and actual yield are compared with consideration of
the data during 1992 to 2016 (Fig. 2). Median of ACGY
modelis23.5(MT ha') and observed data is 23.2 MT ha™.
Theupper quartile and lower quartile values are close to the
median value of model yield as compare to observed yield.
Hence, it isrecommended that the developed ACGY model
is found suitable to predict the grape yield for the study area
(Mahmood et al., 2008).

Prediction of future climate

The future climate was derived using SDSM for the
period 0£2020-2050. The ACGY model was used to estimate
grape yields for the current and future climate. The estimated
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Table 6: Statistical performance ofthe developed ACGY model (Eq.1) (2011-2016)
RCP2.6 RCP4.5 RCP8.5
Statistical Discrepancy Mean % Discrepancy Mean % Discrepancy Mean %
Test Ratio (r) Error (MPE) Ratio (1) Error (MPE) Ratio (1) Error (MPE)
mean 1.08 8 % 1.16 16 % 1.22 22 %
SD 0.58 0.58 0.65 0.65 0.80 0.80
BRCP2.6 ORCP4AS BRCPE.S
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Fig.4: Year-wise grape yield scenario under RCP2.6, 4.5 and 8.5 using developed ACGY model (2020-2050)

crop yield is then compared in box and whisker plot to
understand the model response variability with the current
and future climate (Vanetal., 2011) as shown in Fig. 3. AS
per the analysis, future climate median yields are observed
as24.1 MT ha'under RCP2.6,24.52 MT ha!under RCP4.5
and 24.72 MT ha"' under RCP8.5 scenarios. It is observed
that in the future grape yield increase as compared to the
current climate.

Year wise future grape yield scenario

The crop yield scenario was generated by considering
the existing field management practices. Using ACGY model
and projected climate scenario under RCP2.6,4.5,and 8.5,
grape yield scenario was generated(Van et al., 2011). The
obtained grape yield scenario under three RCPs during the
year 2017 to 2050 is shown in Fig. 4. Under RCP2.6 the
lowest crop yields of 18.63 MT ha'! is observed in the year
2049. This is due to the fact that precipitation occurred in
the month of November was 72 mm which is the highest
precipitation as predicted. The maximum crop yield is found
inthe year 2047 as 28.64 MT ha™' due to the fact that August
precipitation is observed as 91.01 mm and November
precipitationis 34.53 mm which is near to the lowest values

of precipitation. The highest crop yield is found in the year
2039 (30.40MT ha') with November precipitation 6.44 mm
and August precipitation 92.97 mm. According to Lobell et
al., ( 2007) yield climate relationships can provide a
foundation for forecasting crop production within a yearand
for projecting the impact of future climate changes.

Statistical performance of developed model forclimate
scenarios as RCP2.6, 4.5 and 8.5

The statistical fitness of the ACGY model over the
projected data for the duration of2011-16 is checked using
statistical tests. Obtained results of all tests are shown in the
Table 6. Itis observed that ACGY model is performing most
satisfactorily under RCP2.6 scenario. From the obtained
results of statistical performance, it is observed that the
ACGY modelis performing satisfactorily for the projected
climate data obtained under different climate scenarios as
RCP2.6,4.5 and 8.5 (Lobell et al., 2006).

CONCLUSION

The discrepancy ratio, the standard deviation of
discrepancy ratio, mean percentage error and standard
deviation of mean percentage error for the ACGY model is
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obtainedas 1.03,0.19,0.03% and 0.19, respectively. From
the obtained results of sensitivity analysis, it is found that
sum of monthly mean evapotranspiration, the monthly mean
minimum temperature in April and precipitation in August
parameters found to be more sensitive. According to future
grapeyield scenario grape crop showing increasing yield in
the futurei.e. up to 2050 as compared to current yield. From
the obtained results of statistical performance of the
ACGYmodel,itis observed that model is performing better
for future yield predictions under three RCP scenarios.
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