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Abstract

:

Currently, there is a demand for more energy-efficient lighting sources, however, light emitted by different lighting systems differs in primary properties such as intensity, propagation direction, and wavelength spectrum, among others, and these properties may affect insect light attraction. Despite the energetic benefits of light-emitting diodes (LED) as street light systems, their ecological impacts on insects have not yet been tested on a wide range of taxa. Using an experimental approach, we showed that LED street lights lead to a reduction in the total number of insects captured with light traps in a wide range of families. Coleoptera and Lepidoptera orders were the most sensitive groups to ecological light pollution in the study area. We suggest that LED was the least attractive light system for most of the affected groups both because of its very little emitted short-wavelength light and because of its lower light intensity. We expect that the more and more widespread use of LED lights as a measure to reduce economic costs of outdoor lighting should lead to a lower attraction to street lights in most of the affected insect taxa and to diminish the negative impacts of artificial light attraction on the ecosystems.
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1. Introduction


As a result of outdoor artificial lighting, natural illumination levels at night have experienced a substantial global increase, both in terms of areas affected and light intensity. Artificial lighting has also changed the light spectrum at night [1,2]. The consequent changes in the natural patterns of light and darkness negatively affect species and ecosystems and represent a key threat to biodiversity [3,4]. Ecological light pollution includes direct glare, chronically increased illumination, and temporary, unexpected fluctuations in lighting [5,6]. There is a wide variety of ecological light-pollution sources, such as lighted structures (e.g., buildings, towers, windmills, bridges, offshore platforms), streetlights, and lights on vehicles and boats, as well as many others. Prominent among them, street lighting is usually the most persistent and intense source of ecological light pollution in urban areas [7].



Specifically, artificial lighting is known to affect foraging, reproduction, communication, and breeding behavior of many invertebrates [6,8], including aquatic insects [9]. Insects use natural nocturnal illumination to perform essential activities such as mate selection, navigation, and foraging [6,10], thus, artificial lighting interferes with these activities [4,6]. In addition, light attraction led to an increase in mortality in many insect species, either by direct mortality due to increased predation [11] or by exhaustion, and it may affect their reproductive success [4,12].



Most existing research about the impacts of nocturnal artificial lighting on insects has been focused on the flight-to-light behavior shown in specific insect families [6], particularly moths, e.g., [10,13,14,15,16], (but see [17]). However, the attraction to light is highly dependent on insect species-specific traits [13,18,19,20]. Furthermore, light emitted by different lighting systems differs in primary properties such as intensity (the number of photons per unit area) [21], propagation direction, and wavelength, among others such as polarization and flicker [4,5,22,23]. Depending on their light properties, different systems differentially affect species [16,22,24,25]. For instance, it is well-known that UV light is particularly attractive for most insect groups [13,26,27,28,29,30]. In this sense, the spectral composition of white light can be adjusted to reduce the attraction of arthropods, but even with the same color temperatures, different lighting systems cause different impacts [31]. Comparisons between different light technologies suggest that LED lighting systems attract fewer insects compared to incandescent [32] and to compact fluorescent lamps of similar color temperature [31].



Artificial lighting also implies other environmental and monetary costs. For example, streetlights may affect the behavior of harmful insects, both for human and animal health, either because they cause a disease directly [33] or because they are disease vectors [21], as well as for crops [34]. On the other hand, the need to reduce CO2 emissions and energy consumption is driving demand for more energy-efficient lighting sources. In this sense, the European Commission is promoting a gradual replacement of traditional lighting systems by more efficient lamps. Prominent among the available efficient lighting systems are light-emitting diodes (LED). LED are extremely energy-efficient, and they provide long-lasting light with high design flexibility and lower maintenance costs compared with other lighting systems [35]. In addition, since LED give off light in a specific direction, they are more efficient than other lighting systems in reducing the waste of energy caused by light emitted in non-usable directions. Moreover, LED technology is continually advancing and it is rapidly becoming the preferred lighting solution. For all these reasons, LED are expected to have a positive effect on the ecosystems because of the reduction in energy and light waste.



We aimed to identify a lighting technology that can simultaneously satisfy energy-efficiency and minimize the consequences of ecological light pollution in different insect groups. Specifically, we assessed whether LED could mitigate the impacts of outdoor lighting in a wide variety of insect taxa when compared with other traditional street lighting systems. For this aim, we used light traps to assess the flight-to-light attraction of the different groups. However, taking into account only the quantity of the captures in light traps, we cannot infer the differential vulnerability among insect groups. Because differences in the number of catches among groups can be produced as a result of the different abundance of the insect taxa in the study area rather than the consequence of differential attraction to light. For this reason, in addition to light traps, we also captured insects using an alternative trapping method (i.e., sticky traps) in order to disentangle when there are truly light effects in the insect attraction levels.




2. Materials and Methods


We collected data in Punta Camorro (36°0′51″ N, 5°35′13″ W), about 22 m above sea level, and on the eastern side of Estrecho Natural Park (Tarifa), in southern Spain (Figure 1). The climate in this area is Mediterranean, with a marked temporal variation in the availability of resources throughout the year [36]. The study area is a farmland area where the presence of cattle limits the vegetation cover favoring the alternation of a mosaic of small forest patches (<2 ha), scrubland and grassland plots.



2.1. Types of Lighting Systems to Be Assessed


We assessed the most common sources of outdoor lighting: high-pressure mercury vapor lamps (HPMV), high-pressure sodium vapor lamps (HPSV), metal halide lamps (MH), and LED [37]. Our aim was to assess equivalent lighting systems from the human eye’s perception. For this reason, the lighting systems that were assessed provided a similar usable light, although they differed in their powers (Table 1). This was possible thanks to their different luminous efficacy (total emitted visible light in relation to energy consumption) and, specifically in the case of LED, due to their high light directionality. The latter occurs because LED gives off light in a very specific direction. Therefore, even with lower luminous flux, LED is more efficient and can provide a similar amount of usable light. However, in order to allow comparisons among lighting systems also in terms of light direction, the emitting diodes in our LED system were placed around 360°, mimicking a conventional discharge lamp (i.e., HPMV, HPSV, and MH lamps).




2.2. Data Collection


Light traps are the most frequent method used for trapping nocturnal insects [38] and they have been shown as an effective method to estimate rates of insect attraction to light sources [29]. We installed two light traps in two different sampling points, separated by a distance of 50 m. These traps consisted of two crossed plastic sheets of “plexiglass” within a shade lamp, a catch funnel, and a container filled with ethyl acetate-soaked plaster as a killing agent (Figure 2). The light trap design was identical for all the lighting systems assessed, thus, only the type of the lamp (HPMV, HPSV, MH, and LED) changed during the assessment. Lamps were placed on the cross of both plastic sheets (Figure 2). Insects attracted to the light fell from the plastic sheets through the funnel into the container and died because of the toxic atmosphere produced by the ethyl acetate. To complete the sample, disoriented individuals were also actively collected using a white plastic table coat (2 × 2 m) placed on the ground surrounding the light trap.



We collected insects twice a month between December 2012 and August 2013; thus, we could consider the changes in insect activity and/or abundance over the annual cycle. To avoid light competition between different lighting systems, we tested only one type of lighting system each night [29]. Specifically, we conducted a total of two nocturnal trapping events per lighting system and month. Data collection was carried out during the first four hours after the sunset since preliminary research in the study area showed that the number of captures peaked within that time period. Additional preliminary research carried out in our study area using HPMV lamps supported the results reported by other authors, that light trapping on nights during the full moon was lower in terms of the total number captured [39,40]. Therefore, light trapping was carried out preferentially on nights with a low proportion of visible moon. From the latter preliminary study, we knew that the composition of the captures (in terms of species richness) was similar among forest, scrubland and grassland plots. However, the number of collected individuals, although similar between scrubland and forest, was lower in grassland plots. To maximize the number of captures, as well as to facilitate the logistics, all light traps were installed in scrubland plots.



Light sampling was complemented by sticky trapping [29] in order to disentangle when there were truly light effects in the insect attraction levels or when the differences in the quantity of the captures were related to changes in the relative abundance of the different insect groups. Insects captured in sticky traps were assumed to be a non-biased sample of the flying insects in the study area (but see below the discussion on this topic). Since, except for their color, these traps do not have any attractive element for insects (such as light, odors, or others), they are expected to capture insects according to their availability in the environment (i.e., according to their relative abundance). Therefore, with this sample, we could assess whether the differences in the quantity of the captures in light traps resulted from different attraction to light or from different relative abundance of the specific insect group. Sticky traps consist of 25 × 25 cm yellow sheets covered with glue on both sides and placed 1.5 m above the ground. We installed 10 sticky traps per site in two different sites (forest and scrubland) within n subarea of 25 ha within the study area, separated by a minimum distance of 8 m. Sticky traps remained exposed from night to day (about 12 h per trapping session) on a monthly basis between March to August 2013.



We did not trap under adverse meteorological conditions for insect activity [41]: the presence of rain, temperature <10 °C and wind speed >4 on the Beaufort scale), all the previous factors affecting the quantity of the captures. We identified all the collected individuals at least to the level of family.




2.3. Statistical Analysis


Effects of the lighting system on the quantity of insects captured and on the family richness per trapping session were analyzed with generalized linear models (GLM). Since we found overdispersion in the quantity models when using a Poisson GLM, we estimated insect numbers using a negative binomial (log link) model structure, whereas parameters in models for family richness were estimated using a normal distribution with a log link function. Regarding the “lighting system” factor (Table 1), HPMV was the reference level to compare all other levels (MPSV, MH, and LED) within the factor. The attraction of insects to street lighting is also dependent on weather conditions [29]. We included temperature, wind speed, wind direction, and season as additional predictors (Table 2) for taking into account the effect of these variables in the overall quantity and family richness of the captures. Additional models for estimating the quantity of particular insect groups (i.e., those most frequently captured in light traps) were also calibrated using the same predictors described in Table 1. In all cases, model selection was made using a backward stepwise procedure by AIC [42].



To test for differences among samples collected with light and sticky traps, we used a Chi-squared test (Χ2-test for two-way tables). All the analyses were performed using the MASS package [43] in R [44].





3. Results


We captured insects in light traps on 48 different nights (12 nights per lighting system) over the study period. The mean visible moon for all the light trapping events was 19% (SD = 0.16). A total sample of 25,268 individuals belonging to 58 different families and 15 orders, mainly of flying insects, were captured in light traps. The insect sample collected in light traps was dominated by flies (Diptera, 62%), followed by moths (Lepidoptera, 20%), beetles (Coleoptera, 8%), Hemiptera (4%), Hymenoptera (3%), and Neuroptera (1%). Regarding sticky traps, we collected insects during five different nights (mean visible moon = 23%; SD = 0.25). Using sticky traps, we captured a total of 838 individuals belonging to 11 families and 7 different orders. Most of the captures in the sticky traps also corresponded to flying insects (Diptera, 74%; Hemiptera, 10%; Hymenoptera, 8%; Coleoptera, 6%; and Neuroptera, 2%).



3.1. Models Predicting Quantity and Family Richness


After removing “Season” (Table 1), the variance inflation factors (VIFs) for quantity and family richness models were well below 3 (see Table S1 in the Supplementary Materials), indicating that there was no collinearity.



The backward stepwise procedure for model selection is shown in Table 3a,b. Variables significantly (p < 0.05) affecting the overall number of captures in light traps were wind direction (a lower number captured with east winds), moon visibility (a negative relationship between the visible percentage of moon and number of insects in the catches), temperature, and wind speed (a lower number of insects trapped when the temperature was lower and winds were stronger), as well as the type of lighting system. Numbers captured in HM, and especially in LED, were lower compared with the quantity of insects collected in HPMV and HPSV light traps (Table 4a).



Similarly, family richness was significantly affected by the quantity of the captures (a positive relationship between quantity and family richness), temperature (larger family richness when the temperature was higher) and wind speed, which was negatively related to insect family richness of the captures (Table 4b). Family richness, however, did not significantly differ between the lighting systems assessed.



GLM models for specific insect groups (i.e., most frequently captured families; see Table S2 in the Supplementary Materials for a detailed report on the model estimates) showed an overall reduction in the quantity of the captures when using LED compared to HPMV lamps. This reduction was highly consistent among families. However, this reduction in the insect quantity of the captures obtained with LED was non-significant (p < 0.05) for the families Chrysopidae (order Neuroptera) and Noctuidae (order Lepidoptera), whereas there was no reduction with LED in the case of the families Geometridae (order Lepidoptera) and Scolytidae (order Coleoptera). Although there were no significant differences in attraction among lighting systems in the case of the family Geometridae and Noctuidae, the family Chrysopidae reduced their numbers in MH lamps, whereas the family Scolytidae was significantly more abundant in HPSV lamps (Figure 3).




3.2. Captures in Light Traps Versus Captures in Sticky Traps


The number of Coleoptera and Lepidoptera were larger in all light system traps compared with sticky traps (Figure 4), indicating a significant attraction to light in relation to the relative abundance of these groups in the study area. Contrastingly, Diptera, Hemiptera, Hymenoptera, and Neuroptera were generally more frequent in captures made with sticky traps compared to light traps. Neuroptera captured in HPSV lamps and Hymenoptera in HPMV lamps did not differ from quantities obtained with sticky traps. Differences in quantity between light and sticky traps for the different orders (Figure 4) were statistically significant at a p < 0.01 (df = 5; LEDs, Χ2 = 298.39; HPMV, Χ2 = 251.18; HPSV, Χ2 = 617.35; MH, Χ2 = 402.57).





4. Discussion


We found that LED had a significant effect on reducing insect attraction to light compared with traditional discharge lamps (high pressure mercury vapor, HPMV; high pressure sodium vapor, HPSV; and metal halide, MH lamps) used in street lighting. This reduction was highly consistent among orders and families in the study area.



Our findings agree with those of previous studies that have reported that LED lights did not cause attraction to moths (Lepidoptera) [14,15] and attract less insects than mercury vapor light sources [17] or incandescent technology [32]. Our results are also consistent with those from other authors [29] who found higher densities of insects attracted by white street lights such as HPMV lamps compared with yellow lights such as HPSV lamps [25]. Regarding the color of the light, lamps may emit visible light and invisible radiations, such as ultraviolet (UV) and infrared (IR). The wavelength of visible light determines its color, from violet (shorter wavelength) through to red (longer wavelength). Insects are able to perceive colors and they have been found to be particularly sensitive to the shorter wavelengths of the visible spectrum [26,27,28,45]. In particular, insects use UV light for orientation and navigation [46,47], and this must be the reason why the UV fractions of the light spectrum enhance the light attraction behavior in insects [19,25,30]. This agrees with findings from [13], who found higher species richness and higher numbers of moths in light sources with shorter wavelengths compared with light sources with larger wavelengths. The light emitted by HPMV contains shorter wavelength UV light compared to HPSV lamps, which emit both shorter and longer wavelength light. In contrast, LED systems, although emitting white light, provide very little short-wavelength light [37], thus, the reduction in the insect light attraction obtained with LED lighting systems seems to be related to their lower emissions of short-wavelength light. Supporting this fact, other authors found the least insects attracted by LEDs that did not emit any UV [14] or that emit light of cool temperature [32]. Although the spectral sensitivity of the insect photoreceptors is similar in many groups, there is variation among different insect taxa [25,45]. Insects are typically sensitive to ultraviolet light but can barely perceive red wavelengths [20,48], thus, red and yellow lights have been described to attract a relatively low number of insects in most of the groups [4,16,23,24,31]. LED has also be found to reduce the activity of some species of bats compared to other lighting systems [49]. However, the spectral sensitivity of many groups (including insects) is still unknown or only clear for some species [45]. The reduction in insect attraction to LED systems observed in our study could be even larger with current LED technologies emitting warmer lights [50], since previous research showed that LED emitting “warmer white” colour light (3000 K) involves significantly lower attraction for insects than “colder white” LED (6000 K) [51]. We must have in mind that early LED systems, as the one tested in our study conducted in 2013, had 5000 K or more. The reason is because these LED were more available, more efficient, and less expensive than lower versions during the technology’s early years. Subsequently, outdoor lighting experts in the US have finally converged to LED emitting warmer light (i.e., 4000 K) for LED street and roadway lighting, and more recently, even lower up to 3000 K [52]. Similarly, in Europe, the current light colour for street lighting mostly ranges between 3000 K and 4000 K, although colour temperature for lighting systems installed in roads and traffic areas is about 4000 K.



The light spectral composition is not the only relevant parameter affecting the ecological light pollution levels. Furthermore, light may also vary in intensity (the number of photons per unit area) and illumination (amount of light incident per unit area) [5], which is dependent on the power. In fact, the attraction of insects to street lights is not only a function of light wavelength, but it is also a function of light intensity [29]. Moreover, the ability of insects to perceive the flicker of electric lamps, which seems to have a negative effect on non-human species, is conditioned on light intensity [22]. The light intensity produced by the HPSV lamp is much higher than the light intensity produced by LED. However, LED is more efficient, thus, it can provide similar illumination levels with much lower light intensity thanks to their ability to give off light in a specific direction. In addition, there is a high similarity between the human spectral sensitivity and the spectral composition of LED light [37]. Thus, according to human perception, LED lamps emit more light than HPSV lamps (about 27%) because humans are more sensitive to the light spectrum from LED [37]. We suggest that LED was the least attractive lighting system for most of the affected groups in our study both because it emits very short wavelength light as well as because of its lower light intensity [53]. In contrast to other lighting technologies, LED allows selection of the wavelength of the light emitted [54]. Therefore, if we find out which are the sensitivities of particular groups, in terms of spectral composition, light intensity, and other relevant light features such as polarization or flicker, we could design LED emitting less harmful lights [4]. In this sense, our results showed that benefits from LED street lights on insect attraction were not equal for all the studied groups and they depended on the particular insect family. Therefore, although LED reduced the number of individuals attracted in most of the insect families, it did not reduce the number of groups (i.e., family richness) affected. Furthermore, in contrast to most of the families of insects captured with light traps in the study area, which showed a reduced attraction to LED light, moth families (Lepidoptera) only exhibit a moderate reduction or even no difference in the level of attraction among the lighting systems that we assessed. LED did not perform well either when reducing the light attraction by family Chrysopidae (Neuroptera), which was less attracted by MH (metal hallide). Finally, our results indicated that spectral sensitivity to yellow light is of main importance in beetles of the family Scolytidae, which were highly attracted to HPSV lamps. This different light attraction behavior among groups is due to particular spectral sensitivities present in the different families [37,45].



Comparisons between the captured numbers in light traps and sticky traps suggested that Coleoptera and Lepidoptera orders are the most sensitive groups to ecological light pollution in the study area. Members of these orders were overrepresented in any of the street light systems here evaluated. This high sensitivity to light is driven by the low maneuverability and the poor direction control in the flight of these insect groups [55]. On the contrary, members of insect orders with good direction control and maneuverability in flight, such as Diptera, Hemiptera, and Hymenoptera [56], were under- or equally-represented compared to their abundance in the environment. These groups usually get close to the light source, but they remain flying around it at a distance of about 30–40 cm, thus, they are caught less frequently in most of the street lighting systems here evaluated. However, biases could have taken place in the samples conducted through sticky traps (e.g., smaller size insects are more likely to be collected in sticky traps; insect groups with spectral sensitivity close to yellow could also have experienced higher attraction into our yellow sticky traps).




5. Conclusions


Our results highlight the need for selecting the most appropriate lighting system in terms of ecological light pollution mitigation, depending on the particular groups of conservation interest inhabiting an area. LED is widely becoming a preferred light source for street lighting because of its good lighting, good color perception, low energy consumption, and long life [3]. Compared to other traditional lighting systems, overall insect attraction to LED is considerably lower. Although the long-term population consequences of increasing mortality and reducing the time devoted to foraging and other activities in insects caused by artificial lighting are difficult to quantify, we can presume that a reduced attraction consequence of the use of LED may also increase the survival of the affected insect groups and diminish the negative impacts of artificial light attraction on the ecosystems. Thus, when properly designed (both in terms of spectral composition and light intensity, but light polarization and flicker should also be taken into account), LED should be preferred to other outdoor lighting systems to minimize ecological light pollution, at least as far as insects are concerned. Further research is required to know which are the impacts of LED and the specific spectral sensitivities in other taxa.
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Figure 1. Location of the study area. 
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Figure 2. Light trap used for data collection. Schema and photo. 
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Figure 3. GLM negative binomial models; quantity models for specific insect families (the most frequent groups captured in light traps). Bars show the coefficient estimates (mean and ES) for the “lighting system” factor. White bars, HPSV; black bars, MH; grey bars, LED. The coefficient showed the magnitude of the difference of each level from the reference level (i.e., HPMV). The order of the families is indicated above. Significant relationships (p < 0.05) are marked as (*). p-value < 0.1 is marked as (-). 
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Figure 4. Χ2-test results. Frequencies from the sample collected in light traps (white bars) and frequencies from the captures in sticky traps (black bars). (a) LEDs; (b) HPSV; (c) HPMV; (d) MH. Differences between traps were statistically significant at a p < 0.05 (see Material and Methods). Values above 1 in light traps (white bars) indicate a positive attraction to light (significantly larger quantities in light traps compared to sticky traps). 
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Table 1. Technical specifications of the lighting systems provided by the manufacturer. Peak wavelength was derived from the colour temperature by applying Wien’s law (https://www.omnicalculator.com/physics/wiens-law).
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	System
	Brand
	Model
	Power (W)
	Luminous Flux (lm)
	Colour Temperature (°K)
	Peak WaveLength (nm)
	Others





	High pressure mercury vapor lamps (HPMV)
	Sylvania
	HSL-BW 250 W Basic
	250
	13,000
	4000
	724
	



	High pressure sodium vapor lamps (HPSV)
	Sylvania
	SHP-T 150 W
	150
	16,394
	2050
	1414
	



	Metal halide lamps (MH)
	F-Bright lamp
	2601340
	150
	11,250
	6000
	483
	



	Light-emitting diode lamps (LED)
	LEDworldgroup
	Epistar E40 LED 70 W
	70
	5600
	5000
	580
	Number of LEDs: 70; type: powerLED
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Table 2. Description of the variables used to build the GLM models.
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	Variable
	Definition





	Wind direction
	The direction of the prevailing wind conditions (East–West)



	Moon visibility
	% of visible moon in the sky



	Wind speed
	Maximum wind speed during sampling at microhabitat level—Beaufort scale



	Temperature
	Temperature (°C) at the end of the sampling event (four hours after sunset)



	Lighting system
	Type of lighting system: High-pressure mercury vapor lamps (HPMV), high-pressure sodium vapor lamps (HPSV), metal halide lamps (MH), and LED (LED).



	Season
	Spring (March–May), summer (June–August), and winter (December–February)



	Quantity *
	The total number of individuals captured per trapping session.







* This variable was only included in family richness models see Table 3b and Table 4b.
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Table 3. Model selection (backward stepwise procedure by AIC) for (a) insect quantity and (b) insect family richness collected using light traps.
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Variables

	
Df

	
Deviance

	
AIC






	
(a)

	
<none>

	

	
41.04

	
524.98




	
- Temperature

	
1

	
43.137

	
525.07




	
- Wind direction

	
1

	
45.946

	
527.88




	
- Moon visibility

	
1

	
49.115

	
531.05




	
- Wind speed

	
1

	
69.095

	
551.03




	
- Lighting system

	
3

	
126.249

	
604.19




	
(b)

	
<none>

	

	
438.53

	
227.30




	
- Moon visibility

	
1

	
466.21

	
227.75




	
- Lighting system

	
3

	
521.69

	
228.24




	
- Abundance

	
1

	
512.97

	
231.57




	
- Wind speed

	
1

	
584.78

	
236.81




	
- Temperature

	
1

	
1189.21

	
265.20
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Table 4. The best fit model predicting (a) insect quantity (GLM negative binomial) and (b) insect family richness (GLM gaussian). The reference lighting system for comparisons (“lighting system” predictor) was high-pressure mercury vapor lamp (HPMV).
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Coefficient

	
ES

	
Z

	
p-Value






	
(a)

	
(Intercept)

	
6.98

	
0.30

	
23.57

	
<0.001




	
HPSV vs HPMV

	
−0.20

	
0.20

	
−0.99

	
0.323




	
HM vs HPMV

	
−0.44

	
0.20

	
−2.23

	
0.026




	
LEDs vs HPMV

	
−2.10

	
0.21

	
−10.11

	
<0.001




	
Wind direction

	
−0.41

	
0.17

	
−2.32

	
0.020




	
Moon visibility

	
−1.68

	
0.53

	
−3.15

	
0.002




	
Temperature

	
0.03

	
0.02

	
1.69

	
0.092




	
Wind speed

	
−0.43

	
0.08

	
−5.55

	
<0.001




	
(b)

	
(Intercept)

	
0.64

	
3.31

	
0.19

	
0.847




	
HPSV vs HPMV

	
2.71

	
1.69

	
1.60

	
0.119




	
HM vs HPMV

	
0.06

	
1.79

	
0.03

	
0.974




	
LEDs vs HPMV

	
−2.31

	
2.30

	
−1.01

	
0.322




	
Quantity

	
0.004.

	
0.002.

	
2.33

	
0.026.




	
Moon visibility

	
6.43

	
4.52

	
1.42

	
0.165




	
Temperature

	
1.09

	
0.15

	
7.40

	
<0.001




	
Wind speed

	
−2.01

	
0.61

	
−3.27

	
0.003
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