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A B S T R A C T   

Multi-model ensemble of Maximum (Tmax) and Minimum (Tmin) temperature data of four Representative 
Concentration Pathways viz., RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5 of Coupled Model Intercomparison Project 
5 (CMIP5) models were generated for ten major groundnut growing locations of the India to predict the number 
of generations of Spodoptera litura (Fab.) using Growing Degree Days approach during three future climate viz., 
Near (NF), Distant (DF) and Very Distant (VDF) periods and were compared over 1976–2005 baseline period 
(BL). Projections indicate significant increase in Tmax (0.7–4.7 ◦C) and Tmin (0.7–5.1 ◦C) in NF, DF and VDF 
periods under the four RCP scenarios at the ten groundnut growing locations. Higher percent increase of the 
number of generations of S. litura was predicted to occur in VDF (6–38%) over baseline, followed by DF (5–22%) 
and NF (4–9%) periods with reduction of generation time (5–26%) across the four RCP scenarios. Reduction of 
crop duration was higher (12–22 days) in long duration groundnut than in medium and short duration 
groundnut. Decrease in crop duration was higher in VDF (12.1–20.8 days) than DF (8.26–13.15 days) and NF 
(4.46–6.15 days) climate change periods under RCP 8.5 scenario. Increase in number of generations of S. litura 
was predicted even with altered crop duration of groundnut. Among locations, more number of generations of 
S. litura with reduced generation time are likely at Vridhachalam and Tirupathi locations. Geographical location 
(74–77%) and climate period (15–19%), together explained over 90 percent of the total variation in the number 
of generations and generation time of S. litura. These findings suggest that the incidence of S. litura on groundnut 
could be higher in future.   

1. Introduction 

Understanding and quantification of climate-insect pest relationships 
is vital to develop pest management strategies as climate significantly 
influences the growth and survival of insect pests. Both short term 
change in weather conditions at a location termed as climate variability, 
and long-term change in average climate of the location referred to as 
climate change, influence insects. The increase of global mean surface 
temperature by the end of the 21st century (2081–2100) relative to 
1986–2005 is likely to be 0.3 ◦C–1.7 ◦C under RCP2.6, 1.1 ◦C–2.6 ◦C 
under RCP4.5, 1.4 ◦C–3.1 ◦C under RCP6.0 and 2.6 ◦C–4.8 ◦C under 
RCP8.5 (IPCC, 2014). Similar increase in temperatures was reported 
across world (Tshiala et al., 2012). The degree of change in temperature, 
which is a major driver of development of insects and their distribution, 

is spatially uneven. Increased survival of insects, early infestation and 
more crop damage are expected with increase in temperature in the 
future (Bale et al., 2002). 

Thermal requirements of insects vary with species and it is impera-
tive to know the impact of temperature on development and distribution 
of each species. As insects are exothermic in nature, their growth and 
development are affected by surrounding temperature, and a particular 
amount of heat units are required for their existence. Every insect de-
velops under its optimal temperature conditions within the range of 
lower and upper threshold temperatures (Bale et al., 2002; Srinivasa Rao 
et al., 2015). Any change in range of these temperature thresholds will 
lead to drastic effects on growth and development of respective insects 
(Honek et al., 2003). It is well known that growing degree day (GDD) or 
the summation of heat units that accumulate above base temperature 
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during a 24-h period and is one of the most widely used concepts for 
predicting pest activity. Insect population growth rate and number of 
generations are influenced by changes in climatic conditions, especially, 
temperature. Number of generations indicates the number of repro-
ductive events in a calendar year/growing season which in turn affects 
the crop-insect interactions. 

Groundnut (Arachis hypogaea), a diploid legume, is a member of the 
tribe Phaseolea and is an important edible vegetable oil crop. It is grown 
mainly by small and marginal farmers on Alfisols and Vertisols in Asia 
and Africa (Rani and Jyothi, 2017). The productivity of groundnut in 
India is lower (1007 kg/ha) than the world (1522 kg/ha) (http://faostat. 
fao.org). Groundnut crop is infested by several insect pest species. The 
tobacco caterpillar, Spodoptera litura (Fabricius) is a major pest of 
groundnut, causing up to 47 per yield loss in India (Baskaran and Rajvel, 
2013). Initially, larvae feed on foliage gregariously and later cause 
complete defoliation. 

Earlier researchers have used temperature data of A1B, A2, and B1 
emission scenarios based on GHGs at three different magnitudes (Jones 
et al., 2011), Conformal Cubic Atmospheric Model (CCAM) simulated 
climate scenarios data (Tshiala et al., 2012) for tomato leaf miner, and 
MarkSim model data for S. litura (Srinivasa Rao et al., 2015) to forecast 
the pest status during future climate periods. These studies used the 
temperature data based on climate projections of Coupled Model 
Intercomparison Project 3 (CMIP3) (Krishna Kumar et al., 2011). 

Further, climate change scenarios are continuously evolving over 
time, and the Coupled Model Inter-comparison Project phase 5, CMIP5 
models include advances in parameterization of physical processes and 
representation of new physical processes. To reduce the uncertainty 
associated with individual Global Circulation Models (GCM) pro-
jections, climate change projections from multiple GCMs and/or 
ensemble of multiple GCMs are generally preferred (Islam et al., 2012a). 

More recent and advanced climate models belonging to CMIP5 
became available subsequently. The CMIP 5 models include a broader 
variety of experiments, with higher in resolution and are more 
comprehensive (Stouffer et al., 2011), than CMIP3 and take into 
consideration the mitigation and stabilization actions (Hibbard et al., 
2011). CMIP5 provide projections based on RCPs which represent 
emission scenarios. The projections based on RCPs from CMIP 5 group of 
models were found to better represent the climate. In case of India, CMIP 
5 based projections were found to not only be found to be closer to all 
India mean climate, especially temperature and broadly capture the 
observed spatial distribution of temperature (Chaturvedi et al., 2012). 
Many studies have found that the CMIP5 models perform better than the 
CMIP3ones, have s small bias, and an overall improved capability of 
simulating climate change (Sperber et al., 2013). Considering the 
improved ability of these models to simulate climate, the projections are 
being used in various studies on climate change in India (Rama Rao 
et al., 2019). As temperature is a key determinant of insect growth and 
development, it would only be appropriate to include the more 
advanced climate projections to predict the pest scenarios during future 
climate change periods. 

Currently, more advanced projections from CMIP 5 group of GCMs 
are available where the climate projections are reported for different 
representative concentration pathways (RCPs) (Chaturvedi et al., 2012). 
In this study, we used ensemble means from a number of climate models 
belonging to CMIP 5 for the four RCPs viz, RCP 2.6, RCP 4.5, RCP 6.0 
and RCP 8.5. The RCPs provide a range of emission and greenhouse-gas 
concentration trajectories resulting from projections of radiative forc-
ing. RCP8.5, RCP6.0, RCP4.5, and RCP2.6 indicates radiative forcing of 
8.5, 6.0, 4.5 and 2.6 W/m2, respectively, by the year 2100 (Van et al., 
2011). The four RCPs include one mitigation scenario leading to a very 
low forcing level (RCP2.6), two medium stabilization scenarios 
(RCP4.5/RCP6.0) and one very high baseline emission scenario 
(RCP8.5) leading to high greenhouse concentration levels (Van et al., 
2011). 

We generated multi-model ensemble climate change scenarios using 

the World Climate Research Program’s (WRCP’s) Coupled Model Inter- 
comparison Project phase 5 (CMIP5) multi-model dataset and used this 
data for understanding the impact of increased temperature on number 
of generations of S. litura on groundnut across ten locations of India for 
the future climate change periods using temperature data of four RCP 
scenarios. 

2. Materials and methods 

2.1. Future scenario of temperature from RCPs 

We used the IPCC Fifth Assessment Report’s climate change pro-
jections based on new scenarios called Representative Concentration 
Pathways. Multimodal ensemble climate change ‘daily’ data set from 
WRCPs CMIP5 were generated from monthly bias corrected and 
spatially disaggregated (0.5 × 0.5◦) climate change projections. Climate 
change projections of 32 GCMs from 23 modeling Centers/Groups were 
used. As different GCMs have multiple runs, we used 51, 61, 34 and 64 
projections (runs) for RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5, respec-
tively, for generating climate change scenarios. In this study, the hybrid- 
delta ensemble method (Islam et al., 2012a, 2012b) was used for gen-
eration of multi-model ensemble climate change scenarios for four 
different RCPs and three future periods viz., 2020s (2020–2039), 2050s 
(2040–2069) and 2080s (2070–2099). In this study, climate projections 
were studied over three time slices viz. NF- Near Future (2020–2039), 
DF- Distant Future (2040–2069) and VDF- Very Distant Future 
(2070–2099). The model projected warming across India by the end of 
the 21st century (Chaturvedi et al., 2012). Two approaches viz., calen-
dar year and groundnut crop duration of 134 days for 26th to 44th 
Standard Weeks were considered for predicting the number of genera-
tions and generation time of S. litura. Since groundnut is grown 
throughout the year in India, calendar year approach was taken up as a 
forerunner for prediction purpose and later narrowed down to crop 
season. 

Minimum (Tmin) and maximum (Tmax) temperatures for ten 
groundnut growing locations (Fig. 1) across India, Akola (20◦42′N; 
77◦2′E), Ananthapur (14◦41′N; 77◦35′E), Bhubaneshwar (20◦16′N; 
85◦50′E), Dharward (15◦45′N; 75◦.00′E), Junagadh (21◦31′N; 70◦36′E), 
Kanpur (26◦27′N; 80◦14′E), Ludhiana (30◦90′N; 75◦85′E), Raichur 
(16◦12′N; 77◦36′E), Thirupathi (13◦62′N; 79◦41′E), and Vridhachalam 
(11◦3′N; 79◦26′E), for the future periods under four RCP scenarios were 
compared over baseline period (1976–2005). The baseline data was 
obtained from India Meteorological Department (IMD) at a resolution of 
0.5◦. 

2.2. Generations of S. litura 

Two step methodology was used for estimation of number of gen-
erations of S. litura on groundnut viz., i. Considering groundnut growing 
season (26th – 44th SMW, 134 days) and ii. Accumulated heat units of 
groundnut. 

2.2.1. Number of generations in calendar year/growing season 
Estimation of number of generations of S. litura was done using 

‘ingen’ software (Srinivasa Rao et al., 2014) which is openly available 
(www.nicra.in or www.crida.in>services). The ingen software was 
earlier adopted to get output on number of degree days, insect pest 
generations & time for S. litura on groundnut (Srinivasa Rao et al., 
2015), H. armigera on pigeonpea (Srinivasa Rao et al., 2016) and 
B. dorsalis on mango (Choudhary et al., 2017) using A1B, Precis and 
MarkSim emission data. Lower threshold temperature of 10 ◦C was 
considered to estimate the growing degree days (GDD) (http://ring.cia 
rd.net/nappfast-pest-database-thresholds-and-growing-degree-days) 
(Ranga Rao et al., 1989) with horizontal cutoff method which assumes 
that development continues at a constant rate at temperatures in excess 
of the upper threshold. It assumes that the development to continue at a 
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constant rate at all temperatures exceeding the maximum threshold. 
Mathematically the area above the upper threshold is subtracted from 
the area above the lower threshold with least amount of error in the 
estimation of degree-days (Roltsch et al., 1999). Prediction of genera-
tions and generation time of S. litura was done during calendar year 
(annual) and growing season periods separately. Maximum and mini-
mum temperatures were transformed to heat units using the lower 
threshold temperature for generation of S. litura, developmental time 
needed for completion of generations was calculated (Elsaadany et al., 
2000). 

2.2.2. Number of generations based on GDD of groundnut 
It is well documented that under increased temperature conditions 

the advancement of crop maturity occurs and thus influence the dura-
tion of crops including groundnut (Purnamawati et al., 2013). The de-
gree day requirement for groundnut has been reported in the range of 
1489.50–2400 depending on the duration of the varieties. Further, it 
(Vasudeva et al., 1992) was mentioned that accumulated degree days of 
1240, 1470 and 1950 at different days after planting. In present study, 
we considered the accumulated heat units of 1470, 1650 and 1950 to 
identify the crop maturity across three crop durations of short, medium 
and long. Reduction of duration of groundnut due to respective DD was 
calculated considering 10 ◦C and 42 ◦C as lower and upper threshold 

temperatures for groundnut crop and later, number of generations and 
generation time of S. litura was estimated in the reduced durations. 

2.3. Statistical analysis 

The standard analysis of variance (ANOVA) was adopted to identify 
the variation in the number of generations and generation time of 
S. litura. Two-sample t-test assuming equal variances was used for 
comparison of mean number of generations. The variation in the number 
of generations and generation time was decomposed by subjecting the 
data to ANOVA to understand the contribution of location, model, sce-
nario and period to the total variation (Ziter et al., 2012; Srinivasa Rao 
et al., 2016). The sum of squares attributable to each source was divided 
by the total sum of squares explained by the model to obtain the indi-
vidual contribution of each source. The Statistical Package for the Social 
Sciences (SPSS) version 16.0 was used for conducting all statistical 
analyses. 

3. Results 

3.1. Variation in projected temperatures 

The projected Tmax and Tmin for the ten locations are depicted in 

Fig. 1. Selected groundnut growing locations of India.  
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Fig. 2a. Variation in mean annual Tmax of 4 RCPs during climate change periods (NF:Near Future,DF: Distant Future, VDF: Very Distant Future, BL: Base Line) 
across selected locations. 

Fig. 2b. Variation in mean annual Tmin of 4 RCPs during climate change periods (NF:Near Future,DF: Distant Future, VDF: Very Distant Future, BL: Base Line) across 
selected locations. 
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Fig. 2a & 2b and are expected to have increasing trend during NF, DF 
and VDF future climate change periods at ten locations studied. It is 
understood that ‘Annual Means’ of Tmax (0.7–4.7 ◦C) and Tmin 
(0.7–5.1 ◦C) would increase substantially during these three climate 
change periods of four RCP scenarios and would be higher in RCP 8.5 
scenarios and more manifested in VDF period. 

3.2. Number of generations in calendar year/growing season 

3.2.1. Projections under different RCPs 
It was predicted that more number of annual generations (14.21 ±

1.32) of S. litura on groundnut with shortened generation time (25.27 ±
2.91 days) would occur in RCP 8.5 scenario followed by RCP 6.0 (13.21 
± 1.17, 27.24 ± 2.66 days), RCP 4.5 (13.02 ± 1.13, 27.64 ± 2.61 days) 
over RCP 2.6 (12.43 ± 1.10, 29.02 ± 2.63 days). During crop growing 
season also more number of generations (5.32 ± 0.43) with shortened 
generation time (24.35 ± 2.66 days) would occur in RCP 8.5 scenario 
followed by RCP 6.0 (4.99 ± 0.42, 26.50 ± 2.46 days), RCP 4.5 (4.93 ±
0.43, 26.94 ± 2.59 days) and RCP 2.6 (4.74 ± 0.42, 27.90 ± 2.68 days) 
(Table .1, Fig. 3). 

3.2.2. Climate change periods 
Among three climate change periods, during VDF period more 

number of annual generations of S. litura with shortened generation time 
would occur (14.21 ± 1.99, 25.27 ± 2.55 days) followed by DF (13.09 ±
1.08, 27.49 ± 2.38 days) and NF (12.18 ± 1.10, 29.60 ± 2.79 days) over 
BL period (11.51 ± 1.16, 32.04 ± 3.04 days). During crop growing 
season, similar trend was noticed to occur in VDF (5.32 ± 0.43, 24.35 ±
2.66 days). The comparison of incidence between DF and NF climate 
change periods revealed that pest incidence would be higher for DF 
(4.96 ± 0.42, 27.49 ± 2.56 days) than NF (4.67 ± 0.42, 28.18 ± 2.74 
days) period over BL (4.45 ± 0.42, 29.66 ± 3.35 days) (Table 1, Fig. 3). 

3.2.3. Growing locations 
Among ten groundnut growing locations, more number of annual 

generations of S. litura with reduced generation time is likely to occur in 
RCP 8.5 scenario of Vridhachalam (15.53 ± 0.32, 22.90 ± 0.39 days) 
and Tirupathi (15.33 ± 0.29, 25.25 ± 0.61 days). Moderate levels would 
be experienced by Bhubaneswar (14.16 ± 0.34, 25.55 ± 0.63 days) and 
Junagadh (14.30 ± 0.42, 24.73 ± 0.78 days) locations. Ludhiana (12.50 
± 0.49, 28.50 ± 1.44 days) and Ananthapur (13.71 ± 0.38, 25.94 ± 0.40 
days) locations experience less number of generations in VDF. Similar 
incidence was noticed in these locations in DF and NF periods (Fig. 3). 

During crop growing season, Vridhachalam (5.81 ± 0.15, 22.13 ±
0.57 days) and Tirupathi (5.27 ± 0.15, 22.16 ± 0.63 days) locations 
would experience a greater number of generations with reduced gen-
eration time followed by Bhubaneswar (5.36 ± 0.15, 24.76 ± 0.53 days) 
and Junagadh (5.49 ± 0.16, 22.16 ± 0.68 days). Dharwad (4.50 ± 0.12, 
29.78 ± 0.88 days) and Ananthapur (4.79 ± 0.17, 26.51 ± 0.91 days) 
would experience lesser number of generations than Vridhachalam. 

3.2.4. Percent change in number of generations and generation time 
Higher percent increase of number of generations of S. litura was 

predicted to occur in VDF period (5.73–37.82%) over base line period 
followed by DF (5.50–22.16%) and NF (3.75–9.48%) across four RCP 
scenarios (Fig. 4a). Higher reduction of generation time of S. litura over 
base line period is expected to occur in each scenario for future periods. 
The highest percent reduction in generation time over baseline is pre-
dicted for VDF (5–26%) followed by DF (4.97–15.37%) over NF 
(3.35–6.70%) across four RCP scenarios (Fig. 4b). The higher percent 
reduction was noticed with RCP 8.5 scenario over other three. 

3.2.5. Partitioned variation 
Most of the variation in number of generations of S. litura was due to 

geographical location (74.50%) and climate period (19.19%), which 
together explained 93.69 per cent of the total variation. Scenarios and 
the interactions of the variables accounted for only a small part of the 
total variation. Similar trend was exhibited in generation time of S. litura 
with geographical location (76.80%) and time period (15.06%) 
explaining most of the total variation (91.86%). (Fig. 5). 

3.3. Number of generations in three crop durations of groundnut based on 
degree days 

3.3.1. Alteration of duration 
The data on crop duration of groundnut based on 1470, 1650 and 

1950 GDD of groundnut, depicted in Fig. 6 shows significant advance-
ment of crop maturity in future. The reduction of crop duration was 
higher (12.06–21.53 days) in long duration groundnut followed by 
medium and short duration groundnut. Decrease in duration was greater 
in VDF (12.1–20.8 days) than DF (8.26–13.15 days) and NF (4.46–6.15 
days) climate change periods, and in RCP 8.5 scenario than 6.0 and 4.5 
scenarios. Reduction of crop duration was higher (20.08 days) in RCP 
8.5 with long duration groundnut at Ananthapur region followed by 
Junagadh (16.3 days) and similar trend was noted with medium and 
short duration groundnut also. Least reduction of crop duration of about 
2.3–8.2 days was with RCP 2.6 scenario for three different groundnut 

Table-1 
Variation of meana number of generations and mean generation time of S. litura 
across four RCP scenarios and three climate change periods.  

Climate Change 
Periods 

Representative Concentration Pathways 

2.6 4.5 6.0 8.5 

No. of generations 

Calendar Year 

BL 11.51 ±
1.217 

11.51 ±
1.217 

11.51 ±
1.217 

11.51 ±
1.217 

NF 12.12 ±
1.154 

12.12 ±
1.152 

12.08 ±
1.166 

12.18 ±
1.143 

DF 12.39 ±
1.122 

12.68 ±
1.019 

12.56 ±
1.120 

13.09 ±
1.058 

VDF 12.43 ±
1.126 

13.02 ±
1.063 

13.21 ±
1.047 

14.21 ±
0.960 

Growing season 

BL 4.45 ±
0.421 

4.45 ±
0.421 

4.45 ±
0.421 

4.45 ±
0.421 

NF 4.64 ±
0.419 

4.65 ±
0.419 

4.63 ±
0.419 

4.67 ±
0.418 

DF 4.73 ±
0.422 

4.82 ±
0.423 

4.79 ± 0.4 
18 

4.96 ±
0.424 

VDF 4.74 ±
0.418 

4.93 ±
0.427 

4.99 ±
0.424 

5.32 ±
0.429 

Generation time 

Calendar Year 

BL 32.04 ±
3.476 

32.04 ±
3.476 

32.04 ±
3.476 

32.04 ±
3.476 

NF 29.81 ±
2.880 

29.75 ±
2.943 

29.88 ±
2.933 

29.60 ±
2.893 

DF 29.08 ±
2.625 

28.32 ±
2.339 

28.71 ±
2.346 

27.49 ±
2.267 

VDF 29.02 ±
2.596 

27.64 ±
2.296 

27.24 ±
2.206 

25.27 ±
1.834 

Growing season 

BL 29.66 ±
3.354 

29.66 ±
3.354 

29.66 ±
3.354 

29.66 ±
3.354 

NF 28.40 ±
2.720 

28.37 ±
2.709 

28.41 ±
2.719 

28.18 ±
2.742 

DF 27.96 ±
2.706 

27.58 ±
2.654 

27.70 ±
2.648 

26.68 ±
2.513 

VDF 27.90 ±
2.677 

26.94 ±
2.585 

26.50 ±
2.457 

24.35 ±
2.655 

(BL: Base Line,NF: Near Future, DF: Distant Future, VDF: Very Distant Future). 
a Mean of 10 groundnut growing locations. 
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durations. However, reduction of crop duration was evident across four 
scenarios and three crop durations at majority of locations. 

3.3.2. No. of generations and generation time in altered duration 
Variation in the generation time of S. litura with altered crop dura-

tion of short, medium and long duration groundnut at five representa-
tive locations is depicted (Fig. 7). Even with reduced duration of 
groundnut crop, it is noted that insect generations would increase during 
all three climate change periods over baseline. However, the increase 
was found to be smaller when compared to our earlier research in which 

we did not consider change in crop duration. Higher number of gener-
ations with reduced generation time are expected to occur in VDF 
(3.8–5.34; 28.2 to 21.6 days) than DF (3.87–5.19; 31 to 24.1 days) and 
NF (3.74–5.08; 33.2 to 25.4 days) with long duration groundnut and was 
more evident in RCP 8.5 scenario. 

4. Discussion 

Projected temperature data (Tmax and Tmin) of entire India indicate 
substantial increase in both temperatures in four RCPs, more so in RCP 

Fig. 3. Scenario variation in annual number of generations and generation time of S. litura across various Climate change periods (NF: Near Future, DF: Distant 
Future, VDF: Very Distant Future, BL: Base Line). 

Fig. 4a. Per cent change in number of generations of S. litura during three Climate change periods (NF:Near Future,DF: Distant Future, VDF: Very Distant Future) 
over base line in crop growing season. 
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6.0 and RCP 8.5 during DF and VDF climate change periods (Rama Rao 
et al., 2019). Overall increase in temperature by 1-4oCbased on SRES 
scenarios and ‘higher’ increase in temperatures of about 1.7–2.0 ◦C by 
2030s and 3.3–4.8 ◦C by 2080s in RCP 4.5 and 6.0 scenarios for India has 
been predicted (Chaturvedi et al., 2012). Findings of this study also 
showed similar increase in Tmax and Tmin at ten groundnut growing 
locations of the country up to about 16.0% Tmax and 34.0% Tmin over 
baseline during NF, DF and VDF periods. Temperature plays an impor-
tant role in the life cycle of insects with higher temperature causing 
faster completion of life cycle, thus leading to more generations (Zheng 
et al., 2008). With this background, we predicted number of generations 
of S. litura by using projected temperature data from four RCPs during 
three future period’s viz., NF, DF and VDF at ten locations of the country 

where groundnut is widely grown. 
Earlier, we (Srinivasa Rao et al., 2015) predicted the number of 

generations of S. litura with temperature data of MarkSim, GCM of three 
emission scenarios (A2, A1B and B1) which belong to CMIP3. In the 
present paper, we used RCP-based climate projections generated 
through CMIP5 group of climate models, considering the following ad-
vantages of RCPs. (i) RCPs provide more detailed and better standard-
ized GHG gas concentrations inputs for running climate models than 
those provided by previous scenario sets (Meinshausen et al., 2011). (ii) 
RCPs are focused on the amount of CO2 in the atmosphere expressed in 
terms of radiative forcing. (iii) RCPs start with atmospheric concentra-
tion of GHGs rather than socio economic processes (A1B PRE-
CIS/MarkSim), thus reducing uncertainty (http://www.cawcr.gov.au/ 

Fig. 4b. Per cent change in generation time of S. litura during three Climate change periods (NF:Near Future,DF: Distant Future, VDF: Very Distant Future) over base 
line in crop growing season. 

Fig. 5. Estimated proportion of variation in predicted number of generations and generation time of S. litura by different variables.  
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projects/Climatechange) in predictions over earlier predictions based on 
SRES (Van et al., 2007) (iv) CMIP5- eliminates or reduces particular 
sources of model or physical uncertainty (Stouffer et al., 2017). Further, 
in the present investigation, we hypothesized that the number of gen-
erations would vary due to possibility of reduction of crop duration 

among short, medium and long durations types of groundnut while in 
the previous study we presumed a constant crop duration. 

Degree day models and empirical functions are commonly adopted 
(Tonnang et al., 2017) to predict the pest scenarios. Earlier research 
workers predicted the pest scenarios viz., California insect species (Ziter 

Fig. 6. Alteration of three durations of groundnut in terms of sum of degree days across four RCP scenarios (LD VDF: Long Duration Very Distant Future, LD DF: Long 
Duration Distant Future, LD NF: Long Duration Near Future, MD VDF: Medium Duration Very Distant Future, MD DF: Medium Duration Distant Future, MD NF: 
Medium Duration Near Future, SD VDF: Short Duration Very Distant Future, SD DF: Short Duration Distant Future, SD NF: Short Duration Near Future). 

Fig. 7. Variation in generation time of S. litura in altered durations of groundnut (LD VDF: Long Duration Very Distant Future, LD DF: Long Duration Distant Future, 
LD NF: Long Duration Near Future, MD VDF: Medium Duration Very Distant Future, MD DF: Medium Duration Distant Future, MD NF: Medium Duration Near Future, 
SD VDF: Short Duration Very Distant Future, SD DF: Short Duration Distant Future, SD NF: Short Duration Near Future). 
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et al., 2012), S. litura on groundnut (Srinivasa Rao et al., 2015), Bemisia 
tabaci (Zidon et al., 2016), H. armigera on pigeonpea (Srinivasa Rao 
et al., 2016), Bactrocera dorsalis on mango (Choudhary et al., 2017). 
These studies mention clearly that pest scenarios could vary with choice 
of climate change scenario, geographical location and model used. This 
study investigates the potential impacts of increasing temperatures of 
RCP scenarios on S. litura using projected temperature data of RCP 
ensemble model, which, to our knowledge, has not been attempted so 
far. 

Our present findings show that more generations of S. litura on 
groundnut (6–38%) during both calendar and crop growing seasons 
would occur in RCP 8.5 scenario followed by 6.0, 4.5 over 2.6 scenarios. 
These findings are in agreement with those of (Srinivasa Rao et al., 2016; 
Ziter et al., 2012; Zheng et al., 2008; Lastuka, 2008; Tobin et al., 2008; 
Choudhary et al., 2019) who predicted more number of insect genera-
tions with increase in temperature of different climate change scenarios. 
We observed that reduction of generation time (5–28%) would occur in 
all four RCP scenarios in calendar year as well as growing season. About 
2.7 and 0.87 more number of generations with reduced generation time 
of 5.31–6.77 days are predicted to occur in calendar year and growing 
season respectively in RCP 8.5 scenario of VDF over baseline period. 
Duration of the lepidopteran Brachmia macroscopa was shortened (Ma 
et al., 2017) with increase in temperatures from 21 to 33 ◦C. The mean 
generation time of lepidopteran pests Lymantria dispar (Karolewski et al., 
2007) and Athetis dissimilis on maize (Guo et al., 2017) decreased as 
temperatures increased. Increase in number of generations of insect with 
increase in temperature could be due to hastened early-season 
phenology (Altermatt, 2010). Temperature is the most important 
abiotic factor which impacts directly and significantly the growth and 
development of herbivore insect pests. Insects adapt quickly to climate 
change with short/reduced generation time (Morecroft and Speakman, 
2015). 

Significant variation was noted in number of generations and gen-
eration time of S. litura across three variables viz., emission scenarios, 
climate change periods and locations. The findings of present study 
indicate the possibility of occurrence of one or two additional genera-
tions with reduced generation time during NF, DF and VDF climate 
change periods at all the tested groundnut locations of India. Among the 
locations, Vridhachalam would experience higher number of genera-
tions (5.28–5.81) and Dharward (3.86–3.89), lower number of genera-
tions across four RCP scenarios. Variation in spatial distribution of leaf 
miner agromyzid (Tshiala et al., 2012) and spruce bark beetle (Jhonson 
et al., 2009) due to climate change across various provinces was re-
ported earlier. More number of generations may lead to greater crop 
losses during the season or year as insect population is a function of 
number of generations. 

Prediction of mean generation time of insect pests in relation to 
temperature is vital for planning pest management. In our earlier studies 
(Srinivasa Rao et al., 2015) using Marksim model data (7 models), we 
observed 6 to 22 per cent increased generations and 18–22 per cent 
reduced generation time. In this study, we find that the increase in 
number of generations (6–38%) and reduction in generation time (6–28 
per cent) of S. litura in RCP scenario 8.5 which are higher than our 
earlier studies with Marksim model data. 

Pest modeling is valuable method for prediction of impacts of tem-
perature on insect pests (Olfert and Weiss, 2006). Temperature impacts 
vary with geographical location and climate change scenarios which can 
be captured through modeling. Here, geographical location and climate 
period together explained up to 94 per cent of the total variation in 
predicted number of generations of S. litura. These results are in 
agreement with earlier findings (Ziter et al., 2012; Srinivasa Rao et al., 
2015; Srinivasa Rao et al., 2016). Present findings revealed the more per 
cent of variation was due to geographical locations and climate period 
found to be higher than our earlier studies with CMIP3 Marksim data. 

Increased temperature and warming conditions often cause 
advancement of phenological events in several crops (George et al., 

1990; Song et al., 2012; Parthasarathi et al., 2013). Our findings indicate 
reduction of crop duration due to advancement of crop maturity across 
three groundnut crop durations by minimum of about 2–8 days in 2.6 
RCP to maximum of 12–21 days in RCP 8.5 in VDF followed by DF (8–13 
days) and NF (4–6 days) climate change periods. It was apparent in RCP 
8.5 scenarios than 6.0 and 4.5 scenarios across majority of groundnut 
growing locations across three durations of groundnut. Purnamawati 
et al. (2013) also reported reduction of groundnut crop duration under 
increased temperature conditions. 

Higher number of generations of S. litura with reduced generation 
time is expected to occur in VDF (3.8–5.34; 28.2 to 21.6) than DF 
(3.87–5.19; 31 to 24.1) and NF (3.74–5.08; 33.2 to 25.4) in RCP 8.5 
scenario even with reduced crop durations of groundnut. Similar 
shortened generation time of S. litura even with reduced duration of 
groundnut was predicted to occur in four emission scenarios and climate 
change periods. 

5. Conclusions 

The number of generations of multivoltine insect species is likely to 
increase in future, and such increases can greatly aggravate the status of 
insect pest species. The results of our study suggest an increase in 
number of generations of S. litura at majority of groundnut growing 
locations during future climate change periods across four RCP based 
climate change projections, and this increase is higher compared to than 
our earlier prediction based on MarkSim data. 
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