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Abstract
Temperature drastically determines insect abundances, thus under climate change, identifying major
drivers affecting pest insect populations is critical to world food security and agricultural ecosystem
health. Here, we conducted a meta-analysis with data obtained from 120 studies across China and
Europe from 1970 to 2017 to reveal the roles of climate and agricultural practices in determining
populations of wheat aphids. We showed aphid loads on wheat had distinct patterns between these two
regions, with a signi�cant increase in China but decrease in Europe over this time period. Although
average winter and growing season temperatures increased over this period in both regions, we found no
evidence showing climate warming affected aphid loads. Rather, differences in pesticide use, fertilization,
land use, and natural enemies between China and Europe may be key factors accounting for differences
in aphid pest populations. These �ndings provide insights for developing effective agroecosystem
management under global change. These long-term data suggest that climate change may not be the
most important driver of agricultural pest loads. Therefore, under global environmental change,
consideration of multiple factors at large spatial-temporal scales will likely provide more insights for
developing effective agroecosystem management to safeguard world food security.

Introduction
Food security and agricultural ecosystem health are of crucial concern throughout the world (El Bilali et
al. 2018, De Raymond and Goulet 2020). Pest insects, however, have been causing large losses to crop
yields since crop domestication about ten thousand years ago (Deutsch et al. 2018). Applications of
pesticides and fertilizers are important for improving yields, however, over-use of synthetic insecticides
and fertilizers may have negative impacts on agricultural sustainability and human health
(Verger and Boobis 2013, Humann‐Guilleminot et al. 2019). Moreover, pest populations may outbreak
more frequently and more intensely under climate change (Haynes et al. 2014, Sheppard et al. 2016,
Skendžić et al. 2021), posing a greater threat to global food security. Wheat (Triticum aestivum L.) is one
of the most important cereal crops (WASDE 2012), providing 20% of the calories consumed by humans in
the world (FAOSTAT 2011). Thus, developing healthy agroecosystem management in wheat could
substantially improve global food security and food quality.

Climate change has been identi�ed as an important factor affecting pest insect abundances directly
(Bellard et al. 2012, Bebber 2015, Jactel et al. 2019), and indirectly via altering host plant-pest-natural
enemy interactions (Stephane et al. 2018, Nechols 2021). While many studies have shown that elevated
temperature has increased pest insect abundances (Tian et al. 2019, Lehmann et al. 2020), some others
reported that climate warming may decrease insect individual development and population growth rates
(Zhao et al. 2014). These inconsistent �ndings suggest that the effects of climate warming on insects are
complex (Marini et al. 2017), likely due to other factors (e.g. plant nutrient, plant defence and natural
enemy dynamics) that are associated with insect development and population dynamics that could
interact with each other and with the warming climate (Bale et al. 2002, Jamieson et al. 2012). Therefore,
the numerous experiments conducted to date with a single factor design (e.g., simulated warming) or
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short-term �eld monitoring (e.g., months or several years) at the local or regional scale are unlikely to
unveil the mechanisms driving long-term or large-scale pest loads. Rather, studies at broad geographic
scales with long-term �eld data are needed to tease apart the role of climate warming from other factors
in regulating pest insect populations under natural conditions. 

Overuse of chemical fertilizers not only threatens the health of agroecosystems, but could induce pest
insect outbreaks as well (Horgan et al. 2018). Nitrogen fertilizer applications have been considered to be
positively associated with some insect populations by improving plant nutrition that enhances insect
development (Butler et al. 2012). For example, aphids, one of the most devastating insects in agriculture,
are particularly sensitive to nitrogen content in crop plants, thus applications of nitrogen fertilizers have
often led to wheat aphid outbreaks (Aqueel et al. 2014). Thus, in addition to the effects on crop yields and
agroecosystems, consideration of the roles of chemical fertilizer applications in regulating pest insect
populations is also critical to developing effective agroecosystem management systems. To date,
however, there are no studies reporting the effects of chemical fertilizer applications on pest dynamics at
broad geographic and long-term scales.

Synthetic chemical insecticides have been used worldwide for pest management for more than a century
(Brattsten et al. 1986, Haddi et al. 2020), which has greatly improved agriculture yields. Nevertheless,
extensive usage of pesticides has also negatively affected biodiversity in agroecosystems (Tilman et al.
2002), and can lead to pest outbreaks by reducing biocontrol potential (Geiger et al. 2010, Muneret et al.
2018), as natural enemies are a key biotic factor that suppresses pest insect densities (Lu et al. 2012). In
fact, these natural enemies are also affected by land use, because diverse landscape composition is
bene�cial to biodiversity which could enhance ecosystem services that suppress pest abundances by
increasing natural enemies (Chaplin et al. 2011). Instead, landscape simpli�cation or agriculture
intensi�cation could threaten biodiversity and natural habitats (Baillod et al. 2017), resulting in declining
ecosystem services for pest biocontrol, thus increasing pest abundance and insecticide and fertilizer
application (Gagic et al. 2017). In this context, combining and synthesizing long-term data of pest
insects, climate change, insecticide and fertilizer inputs as well as land use could provide insights into
agroecosystem management and decision making (Zhang et al. 2018). 

China is one of the largest consumers of agricultural fertilizers and pesticides in the world today. China is
also one of the most important wheat producers in the world, planting over 10% of the global area in
2016 (FAOSTAT 2011). To satisfy the food demand of vast populations in China, agricultural �elds have
long been intensi�ed and landscapes simpli�ed (Liu et al. 2018), likely decreasing ecosystem services in
wheat. Furthermore, since the 1980s temperature has increased by 0.352 °C and 0.548 °C per decade for
minimum and maximum temperatures, respectively, in China (Zhou et al. 2004), possibly triggering wheat
aphid outbreaks as well. Thus, climate warming, the overuse of fertilizers and insecticides, as well as land
use practices could all impact wheat aphid populations in China.

Europe is also a major wheat producer in the world with ~25% of the world sowing area (FAOSTAT 2011).
The wheat distribution areas in China and Europe share similar temperate climates, however, differences
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in insecticide and N fertilizer applications, as well as different land use practices between these two
regions may result in different wheat aphid loads. Therefore, comparing the wheat aphid populations and
agricultural practices between China and Europe may provide new insight into the understanding of pest
populations at the continental scales under climate change. In this study, we aim to determine the main
drivers of aphid dynamics across the two continents (12 provinces in China and 10 countries in Europe)
over a 47-year period from 1970 to 2017. The provinces (Anhui, Gansu, Hebei, Henan, Hubei, Jiangsu,
Ningxia, Shaanxi, Shandong, Shanxi, Sichuan and Xinjiang) included in the study represent over 95% of
the national wheat production in 2017 in China. The European countries (Belgium, Czech Republic,
Denmark, France, Germany, Netherlands, Norway, Serbia, Sweden, United Kingdom) included here
accounted for over 50% of Europe wheat production in 2017 (FAOSTAT 2011). 

With this rich data set, here, we explore how abiotic or biotic factors jointly and quantitatively drive wheat
aphid population dynamics in agroecological systems at large spatio-temporal scales. Speci�cally, we
asked the following questions: (i) how have wheat aphid loads varied in China and Europe over the past
several decades? (ii) do these temporal patterns differ between China and Europe? (iii) are these patterns
associated with climate warming, land use, fertilization, and/or application of pesticides? We
hypothesized that: (i) relative to Europe, increasingly high use of pesticides and N fertilizers together with
agriculture dominated landscapes (and reduced control by natural enemies) in China will drive increased
wheat aphid loads, and (ii) as climate in the wheat growing regions is similar between China and Europe,
changes in temperatures (warming) will have comparable impacts in the two regions. Our �ndings could
highlight the drivers of aphid population dynamics in long term series, can help promote agroecological
health by maximizing ecosystem service bene�ts and minimizing agrochemical inputs under global
change.

Materials And Methods
Population dynamics of wheat aphids

We used three databases (Web of Science, Google Scholar and CNKI) to search for studies on
populations of wheat aphids between January 1970 and December 2017. We used sets of keywords for
study collection to identify the relevant articles: (aphid) and (population OR abundances OR dynamics OR
long-term OR time series OR observation) and (wheat). We used the following criteria to screen studies in
the dataset: (1) the study was a �eld survey in open wheat plots, (2) the papers reported aphid data
for speci�c dates within a year, (3) the data of aphid abundances were reported with speci�c units (per
tiller or per m2), (4) the data include all the aphid reported on wheat. We excluded data from treatments or
studies that reported insecticide application. We converted values given as #/m2 to #/100 tillers using
three scenarios (400, 650, 900 tillers / m2) (Verger and Boobis, 2013; Wood et al., 2003). We performed all
analyses with the data from these three scenarios and obtained the same qualitative results and so we
only report the middle scenario. Finally, a total of 2141 data points from China and 1169 data points from
Europe in 120 articles were collected for wheat aphids (Table S1, Fig. 1). We expressed population
estimates as log (total aphids/100 tillers).
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Population dynamics of natural enemies

We conducted a literature search (published between January 1970 and December 2017) of natural
enemies using the keywords to collect the relevant articles from the three databases used for aphid
population collections: (aphid) and (natural enemy* or predator* or parasite*) and (population OR
abundances OR dynamics OR long-term OR time series OR observation) and (wheat). Finally, a total of
508 data points from China and 123 data points from Europe in 30 articles were collected concerning the
population of natural enemies (Table S1). Data included lacewings, ladybirds, midges, hover�ies and
spiders or the broader categories parasitoids, predators, or total natural enemies. We
expressed population estimates as number of enemies /100 tillers. Finally, the data for European
countries were too sparse to examine seasonal patterns.

Temperature

We obtained historical records on temperature data for 1970-2016 for the Chinese provinces and
European countries that contributed aphid data. The Chinese temperature data were collected from NOAA
(NOAA), while European temperature data were collected from the World Bank (GROUP). The records for
China were daily averages for a single station in each province from which we calculated monthly
averages. The records for the European countries were monthly averages. 

Fertilizer and Pesticide

We obtained nitrogen fertilizer application rates for wheat (1980-2015) and pesticide (all types)
application rates for all crops combined (1991-2015) from the National Bureau of Statistics of China. We
obtained data on nitrogen fertilizer application rates for Western Europe crops (biennial 1980-2010)
(FAOSTAT 2011), for cereal crops in the UK (biennial 1984-2014) from the British Survey of Fertiliser
Practice (GOV.UK) and for crops in European countries that contributed aphid data (2002-2015) from FAO
(FAOSTAT 2011). We obtained data on insecticide application rates for all crops combined (1991-2015)
for European countries that contributed aphid data from FAO (FAOSTAT 2011).

Land use 

We obtained data on areas of land used to grow crops (wheat and all combined) for European countries
that contributed aphid data (1979-2015) from FAO (FAOSTAT 2011). We obtained data on areas of land
used to grow crops (wheat and all combined) for Chinese provinces that contributed aphid data (1979-
2015) from the China Rural Statistical Yearbooks. We considered the proportion of land under cultivation
a measure of land-use intensity.

Statistical analysis

We used regression analyses to examine how the abundance of aphids (log transformed) depended on
year separately for each ~ten-day period in which aphids were present at least at some of the sites
(March to May for China and May to July for Europe). To control for multiple points from the same study,
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we used the average value for each study for each year and ten-day period. We performed another set of
regressions to examine how the abundance of natural enemies depended on year separately for each ten-
day period in which they were present at least at some of the sites in China (April to May). In these
analyses, we treated each 10-day time period separately and used averages for each year and 10-day
period. We used the slopes of regressions to test for differences between the temporal pattern of change
over years between China and Europe and among early, mid and late season aphid abundances in China
and Europe. We considered an effect to be signi�cant when the 95% CI did not overlap zero and we
considered two intervals to be different when their 95% CIs did not overlap. We tested whether a country
or provinces rate of change in aphid loads was correlated with its rate of change in temperature. We
performed a mixed model ANOVA to test whether the proportion of area under cultivation depended on
year for China provinces vs. European countries and used slope contrasts to test whether the slopes for
China vs. Europe differed on average. We also tested whether slopes for individual countries or provinces
differed from zero. 

Results
Abundance of wheat aphids 

Wheat aphid loads increased signi�cantly from 1970-2017 in several ten-day periods (mid-March, late-
March, early-April, mid-April, early-May) in China (Fig. 2A-H). However, the loads of wheat aphids did not
vary over this time period from May to July in Europe (Fig. 2J-R). Over the last �ve decades, aphid loads
increased overall and in each part of the growing season in China with the most dramatic increases
earlier in the growing season. In contrast, aphid loads decreased signi�cantly in Europe with this pattern
overall and in the middle of the growing season (Fig. 3). The patterns for China and Europe differed
overall and in the early and middle of the growing season (i.e., the 95% CI did not overlap).

Abundance of natural enemies

Natural enemy loads decreased signi�cantly in some ten-day periods (late-April, mid-May) over years
from April to May during 1980-2017 in China (Fig S1). Wheat aphid loads and natural enemy abundances
showed opposite patterns over time in China with aphids increasing (slope=+0.0117, P<0.0001) and
enemies decreasing (slope=-0.176, P<0.0001). However, aphids decreased (slope = -0.0099, P=0.0365)
and natural enemies increased (slope=+0.458, P=0.0001) in Europe (data shown in Fig. 4A, 4B).
Speci�cally, there was a trend for ladybirds and hover�ies to decrease in China from 1980-2017 (Fig.
S2A) and increase in Europe from 1990-2008 (Fig. S2B).

Changes in inputs of pesticides and N fertilizer over time

N-fertilizer used in China increased almost two and a half fold from 1980 to 2000 (Fig. 4C) and pesticide
inputs rose sharply in the period of 1990 to 2015 (Fig. 4D) in China, while aphid loads increased (Fig. 4A)
and natural enemy abundances decreased (Fig. 4B) during this same time period. In recent years, there
has been a trend for N-fertilizer use to reduce (Fig. 4C) and pesticide use to stabilize (Fig. 4D) in China.
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In Europe, N fertilization has been stable, as seen in N-fertilizer applications in Europe cropland, UK
cereals or EU cropland (Fig. 4C). In Europe, insecticide inputs sharply decreased in the period of 1990-
2000, then the insecticides dose were stable from 2000-2015 (Fig. 4D), showing a positive relationship
between aphid abundance and insecticide use. Although N-fertilization was constant and insecticide use
decreased, aphid loads also decreased in Europe from 1980 to 2015 (Fig. 4A).

Changes in temperature over time

The temporal trends in annual average temperature were similar between China and Europe (Fig. 5, Fig.
S3). Mean monthly temperature exhibited an increasing trend mainly from 0.01 to 0.08℃ over years
among early, mid and late parts of the wheat growing season in China and Europe during the 46-year
period (Fig. S4). The rates of temperature change (overall) were not correlated to the rates of change in
aphid loads for China provinces (F1,9=0.2, P=0.64) or European countries (F1,5=0.1, P=0.80).

Land use variation

The proportion of area under cultivation was high (more than half of the area) in the main wheat
producing provinces in China and overall the intensity of agricultural land use was higher in China than in
European countries from 1979 to 2015 (F1,19=72.1, P<0.0001, Fig. 6). The proportion of area under
cultivation increased signi�cantly for seven China provinces and one European country and it decreased
signi�cantly for three China provinces and six European countries (Fig. 6). A few China provinces had
high proportions of land area under wheat cultivation but overall China provinces and European countries
did not differ signi�cantly (F1,19=2.47, P=0.13). The proportion of land under wheat cultivation increased
signi�cantly for two China provinces and six European countries and it decreased signi�cantly for eight
China provinces and one European country (Fig. S5).

Discussion
Our study with long-term data obtained from multiple locations in China and Europe showed distinct
patterns of wheat aphid loads between these two regions, with a signi�cant increase in China but
signi�cant decrease in Europe during 1970-2017. During this period, even though mean monthly
temperature exhibited an increasing trend over years for most of the wheat growing season in China and
Europe, we found no evidence showing climate warming was the key factor affecting aphid population
dynamics. Rather, agricultural practices might have contributed to these trends in aphid populations and
their variation between regions, among which, pesticides, N fertilization, intensity of land use and
biocontrol services seemed to be key factors and differences of the effects of any of these factors
between China and Europe might account for the variations (Fig. 7).

The consistent increase of wheat aphid loads in China in the last �ve decades might be due in part to the
consistent decrease of natural enemies in the �elds. In �elds, there are a range of specialist and
generalist natural enemies attacking wheat aphids, including syrphid, lacewings, coccinellids, hemipteran
predators, carabids, spiders and hymenopterous parasitoids (Evans 2013). Natural enemy exclusion
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experiments con�rmed that aphid populations were depressed markedly by 30-100% on cereal crops
when natural enemies were present (Sigsgaard 2002, Diehl et al. 2013). Conversely, loss of these natural
enemies will presumably result in increasing of the aphid populations. Therefore, in contrast with the
pattern in China, the decreasing populations of the aphids in Europe might be related with the effective
impact of natural enemies on decade scale (Freier et al. 2007, Barczak et al. 2014). Together, the
contrasting trends of aphid populations between China and Europe may in part re�ect their distinct
patterns of natural enemies during 1970-2017. 

The consistent decrease of natural enemies in wheat in China might be side-effects of over-use of
chemical insecticides that could directly kill the natural enemies. The temporal data collected in China are
pesticides overall, not insecticides, and we are assuming that insecticide applications are positively
correlated to pesticides applications. A series of highly-toxic insecticides have been used extensively in
wheat �eld in China in last decades, including deltamethrin, methomyl, omethoate, �uoroacetamide,
monocrotophos, carbofuran, triazophos, imidacloprid, likely leading to a high lethality to natural enemies
(Jia et al. 2015). A low abundance of natural enemies on aphids might also be attributed to the
decreased ecosystem service values as a result of the intense agricultural use and simpli�ed landscape
diversity that may have decreased insect biodiversity (Martin et al. 2016, Kebede et al. 2018). In contrast,
the decreasing input of insecticides and the less intense land use in Europe potentially allowed natural
enemies to sustain populations to suppress the aphids effectively. Therefore, different use of chemical
insecticides and landscape diversity between China and Europe could indirectly affect the aphid
populations via differently changing the natural enemies.

We found general contrasting trends of N fertilizer application in wheat or cereals between China and
Europe over the last �ve decades. Increasing crop yields through high fertilizer doses could generally
promote aphid populations (Gao et al. 2018), because fertilizers may improve plant nutrients, and then
enhance aphid development. Unfortunately, we had no data of nitrogen content in wheat leaves and
stems over large temporal and spatial scales available for performing statistical analyses which could
help to explicitly unveil the effects of the N fertilizers on aphid abundance. Nevertheless, the consistent
increase of N fertilizers in China might have contributed to the increase of wheat aphid populations but
further study is needed to provide strong evidences.

Climate warming has been identi�ed as an important abiotic factor that can directly affect insect
abundance (Bale et al. 2002). Although an increasing number of studies have supported that
experimental warming increases growth rates and/or abundance of wheat aphids (Han et al. 2019), most
of these studies were conducted over a short term (e.g., only one to several generations, or less than one
season). In contrast, some experiments with manipulated warming showed no evidence that warming
increased aphid growth or abundance (Adler et al. 2007), consistent with a study showing no link
between mild winter and aphid outbreaks across 26 years (Clement et al. 2010). Similarly, in our study,
global warming appears not to be an explanation for the increase of the aphid populations in China when
considering the similar climate patterns in Europe where there was no such increase in wheat aphids and
more rapidly warming countries or provinces did not have more rapid increases in aphid loads. Overall,
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our study, together with previous reports, may suggest that results from short-term �eld data and
warming experiments may not necessarily re�ect the effects of climate warming on pest insects over a
long-term scale. The responses by individual aphid species to climate warming could be connected
through interactions with many other biotic and abiotic factors, subsequently affecting aphid
development, reproduction, overwintering, life cycle and population dynamics (Van der Putten et al.
2010). The aphid emergence period was different that it’s from March to May in China and from May to
July in Europe. Thus, the effects of aphid phenology on the aphid patterns should be considered
su�ciently furthermore.

Therefore, we may need to revisit the role of climate warming in increasing insect populations and
promoting pest outbreaks in natural environments. Increasing temperature may increase pest insect
development rates and populations, however, these effects may be counteracted by other environmental
factors that are related to temperature. Thus, long-term �eld data could explicitly reveal the true and “net”
effects in the context of climate warming. Moreover, evaluating the effects of climate change must be
with broad geographic scales, because results solely relying on regional data may be biased (in this case,
only consideration of the China data would have showed positive effects of warming). In this context,
analyses of long-term data with multiple factors in large geographic scales can help elucidate the driving
factors on aphid population dynamics.

We note that we could not fully explore the factors that affect wheat aphid abundance in this study. For
example, we did not include other climate factors such as precipitation, because evaluating the net effect
of precipitation on insects over multi-decade years may be more complicated (Barnett and Facey 2016).
In addition, speci�c management practices, such as tillage, weeding, crop rotations and wheat variety
could be important drivers of aphid abundance, which may also account for variation between China and
Europe. In this study, land use was only assessed at a general level and at a coarse spatial scale. More
disaggregated classi�cation and precise criteria such as the agricultural- �eld edge density effects
(Martin et al. 2019) will provide more insights into how to effectively and successfully implement
ecological intensi�cation strategies based on ecosystems sustainability in agroecosystems. Moreover, we
were unable to include aphid data in North America or Australia because there were very few publications
that included them. 

Our evaluations of effects of environmental factors on wheat aphid loads in China and Europe have both
theoretical and policy implications for developing healthy agroecosystems through pest management
under global change. First, consideration of biocontrol ecosystem service by landscape diversity is critical
in wheat pest management. This has become more important under currently drastic land use change. As
a signi�cant result of the policy of the “Conversion of degraded farm land into forest and grass land”
implemented in China since 1999, China’s increasing forest-grassland cover in the last decade (Lu et al.
2011) may assist to restore the ecosystem functions for biocontrol in the surrounding agricultural �elds
now and in the future. However, because wheat is so important for food security and the major wheat
production regions are outside of China’s increasing forest-grassland areas, further policy speci�cally on
wheat ecosystems may also be needed to facilitate maximizing the ecosystem values for wheat yield and
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grain quality. Second, as expected, we showed signi�cant aphid abundance was associated with overuse
of chemical insecticides and nitrogen fertilizers in China. The Chinese government has approved “Double
Reduction Plan (reduction of use of chemical insecticides and fertilizers) at the national level for agro-
ecological sustainability since 2016. 

Conclusions
Previous studies showed that agricultural practices and climate warming in�uenced the pest population
dynamics. Our multidecadal, continent-level analysis highlights that agricultural practices impact wheat
aphid loads more than climate warming. In fact, these long-term data suggest that climate change may
not be a very important driver of agricultural pest loads. Our study demonstrates that it needs to consider
for the policy-making that reduce the overuse of chemical insecticides and nitrogen fertilizers in
agroecosystems. Therefore, under global environment change, consideration of multiple factors at large
spatial-temporal scale will provide more insights for developing effective agroecosystem management to
safeguard the world food security. 
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Figures

Figure 1

Geographical distributions of wheat aphids included in this study of wheat aphid loads in China and
Europe. Red points represent studies from China and blue points represent studies from Europe.
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Figure 2

Wheat aphid (log transformed) loads in different times of the year in China (A-I) and Europe (J-R) during
1970–2017. P and R2 values are from regressions. Lines indicate signi�cant linear relationships between
aphid loads and time.
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Figure 3

The temporal change in early, mid and late season wheat aphid loads (log transformed) from 1970 to
2017 in China and Europe (95% con�dence interval of slopes).
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Figure 4

Trends of wheat aphid loads (A), natural enemies (B), nitrogen fertilizer inputs (C), and insecticide or
pesticide inputs (D) in China and Europe from 1980 to 2015. All values are normalized so that the highest
value is set at 1. Normalized values (value of 1) are: aphids = 10^4.49/ 100 tillers (i.e., log[aphids]= 4.49
is set to 1); natural enemy loads = 63.5/100 tillers; N fertilization = 289kg/ha/yr; pesticide use [China] =
1.8MT/yr, insecticide use [Europe] = 5kT AI/country/yr. Curves are third order polynomials �t to illustrate
general patterns.
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Figure 5

Trends of temperatures in China and Europe in early (A), mid (B) and late (C) wheat growing seasons and
winter (D) from 1971 to 2015. Red lines represent the average for provinces that provided aphid data for
from China and blue lines represent the average for countries that provided aphid data for Europe.
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Figure 6

Trends of land use in Europe (blue) and China (red). Provinces or countries with signi�cant positive
patterns of proportion of land in agricultural use over time were Anhui, Henan, Hubei, Hunan, Ningxia,
Shandong, Xinjiang, and France and those with signi�cant negative patterns were Jiangsu, Shaanxi,
Shanxi, Czech Republic, Denmark, Germany, Netherlands, Serbia, and Sweden.
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Figure 7

Overview the variation of wheat aphid and its associated factors between China and Europe during 1970
to 2017.
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