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Abstract
Solar radiation plays an important role in the Earth's energy balance and climate system. This study uses a Systematic Literature Review (SLR) approach to analyze global trends in solar radiation to the Earth's surface (Downward Surface Radiation/DSR) based on seven selected studies. The results of the study show a consistent increase in DSR values, indicating a significant shift in the global energy balance. This trend is associated with increased atmospheric transparency due to decreased aerosol concentrations, known as the global brightening phenomenon. This increase in surface radiation has broad implications, including accelerated surface warming, changes in the hydrological cycle, and increased risks to health and the resilience of the agricultural sector. These findings emphasize the importance of integrating DSR monitoring into climate policy, spatial planning, and cross-sectoral adaptation strategies to reduce risks and optimize the potential of solar energy for sustainable development.
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1. Introduction
Sunlight is the primary source of energy for life on Earth. The light and heat emitted by the sun support a variety of natural processes, from photosynthesis in plants to global temperature regulation (Hussain et al., 2021; Long et al., 2022). Thus, the sun is not only the physical center of the solar system, but also the center of the sustainability of the ecosystem on this planet.	Comment by Windows User: Change the text.
For humans, sunlight has very broad benefits, both directly and indirectly. One of its vital functions is as a natural source of vitamin D. Exposure to ultraviolet B (UVB) rays on the skin triggers the production of vitamin D, which plays an important role in maintaining bone health, the immune system, and muscle and nerve function (Sobiński et al., 2025; S. Zhang et al., 2021). Vitamin D deficiency can increase the risk of various diseases, such as osteoporosis, diabetes, and autoimmune disorders (De Martinis et al., 2021; Sîrbe et al., 2022).
In addition to physiological benefits, sunlight also has a positive impact on mental health.  Exposure to sunlight in the morning has been shown to increase the production of the hormone serotonin (Huiberts & Smolders, 2021; Kholghi et al., 2022), which plays a role in regulating mood, sleep, and appetite. Therefore, individuals who are regularly exposed to sunlight tend to have more stable moods and a lower risk of depression. This is why light therapy is often used to treat seasonal affective disorder (SAD).
Furthermore, sunlight supports the sustainability of the food chain through the process of photosynthesis in plants. The energy produced from this process becomes a food source for herbivores and then carnivores, including humans. Thus, the role of sunlight in supporting global food production cannot be ignored.
Although sunlight has many health benefits for humans, excessive exposure to ultraviolet (UV) radiation emitted by the sun can pose a number of serious risks. UV radiation is divided into three types, namely UVA, UVB, and UVC. Although UVC is mostly absorbed by the atmosphere and does not reach the Earth's surface, UVA and UVB can still penetrate human skin and cause short-term and long-term damage.
One of the most common negative effects of UV exposure is sunburn. This condition occurs when the skin receives excessive UVB exposure, causing inflammation, redness, and pain. In the long term, repeated exposure to UVB can damage the DNA structure of skin cells, potentially triggering abnormal cell growth and developing into skin cancer, including melanoma, the most deadly type of skin cancer.	Comment by Windows User: The word should be more formal. i.e. deadliest.
In addition, UVA rays, which have deeper penetration power than UVB, can accelerate the skin aging process (Bernerd et al., 2022; Song et al., 2025). This effect is known as photoaging, which is characterized by the appearance of wrinkles, dark spots, and loss of skin elasticity. In dermatology, this phenomenon is often associated with chronic unprotected sun exposure, especially in individuals who are intensively active outdoors.	Comment by Windows User: This kind of statement should be supported by strong references.

Another equally important risk is the impact of sunlight on eye health. UV radiation can damage eye tissue, especially the lens and cornea. In certain cases, excessive UV exposure can increase the risk of cataracts, macular degeneration, and other conditions that can potentially cause permanent vision impairment (Ang & Afshari, 2021; Fleckenstein et al., 2021). Therefore, the use of sunglasses with UV protection is highly recommended when doing activities under the hot sun.	Comment by Windows User: Rearrange the sentence 

Furthermore, some studies have shown that extreme sun exposure can also affect the immune system. In certain levels, UV radiation can suppress the skin's immune response, making the body more susceptible to infections, allergic reactions, and even impairing the effectiveness of vaccinations in some cases
Solar radiation, especially ultraviolet (UV) radiation, can have negative impacts on human health if exposure to it is not properly controlled. There are a number of factors that can worsen the adverse effects of this radiation, both those related to the environment, individual habits, and the biological condition of the human body itself. Understanding these factors is important to increase public awareness in carrying out prevention.
One of the main factors is the duration and intensity of sun exposure. The longer a person is exposed to the sun, especially during the hours with a high UV index—between 10 a.m. and 4 p.m.—the greater the likelihood of skin and eye damage. Geographical area also plays a role: tropical and highland areas have stronger levels of UV radiation than temperate or lowland areas.
Individual habits that ignore self-protection when doing outdoor activities are also the main cause of the negative impacts of solar radiation. Not using sunscreen, protective clothing, or accessories such as hats and UV glasses, increases the chances of skin and eyes being exposed directly. Moreover, activities such as sunbathing for too long to get a certain skin color can increase the risk of skin cancer, especially if done routinely without medical supervision.
Another factor that influences is a person's skin type. According to the Fitzpatrick skin type classification, individuals with light skin (types I and II) have less melanin, making them more susceptible to UV damage than those with darker skin (Goon et al., 2021; Umar & Tasduq, 2022). This explains why people with light skin are more likely to get sunburned and have a higher risk of developing skin cancers such as melanoma.
In addition, environmental conditions such as air pollution levels and the ozone layer also contribute (Ahmad et al., 2020; Bernhard et al., 2023). The thinning of the ozone layer in the atmosphere causes an increase in the amount of UVB rays reaching the Earth's surface. In areas where ozone depletion is severe, people face greater health risks if they do not take additional protective measures.
Age and certain health conditions can also exacerbate the effects of solar radiation. Children and the elderly have more sensitive skin, while individuals with autoimmune diseases or those undergoing photosensitive therapy (such as the use of certain drugs) are at greater risk of experiencing harmful reactions to UV exposure. Therefore, these groups need special attention and protection.
Although previous studies have addressed the impact of sun exposure on human health and the environment, most of these studies were local, focused on specific regions or populations, and used varying approaches and parameters (Ghosh et al., 2023; Huang et al., 2021; Malakar et al., 2021). As a result, there are still limitations in obtaining a comprehensive picture of global sun exposure conditions. In addition, there are not many studies that integrate data from various regions with a systematic approach to compile a unified conclusion about the trend, intensity, and distribution of sun exposure in various parts of the world. Therefore, studies are needed that combine these findings across studies and across regions to fill this knowledge gap and support more effective global policy-making related to mitigating the impacts of solar radiation.

2. Methodology
This study uses the Systematic Literature Review (SLR) method as the main approach in data collection and analysis. SLR is a method used to identify, evaluate, and interpret all research relevant to a particular topic or research question systematically and transparently (Azarian et al., 2023). Unlike conventional literature reviews which are narrative and subjective in nature, SLRs follow strict and documented procedures, so that the study results can be relied upon and replicated.
The steps in implementing SLR include formulating research questions, identifying keywords and inclusion-exclusion criteria, searching for articles in scientific databases, selecting relevant literature, extracting data, and finally analyzing the findings. In this study, several well-known academic databases such as Scopus, Web of Science, and Google Scholar were used to ensure a broad and quality coverage of literature. The selected articles were publications published within a certain time frame and met the established methodological criteria.
Inclusion criteria included articles that were directly relevant to the topic of sun exposure and its effects, published in reputable journals, and used a valid empirical approach or conceptual study. Meanwhile, articles that were duplicated, not peer-reviewed, or not in accordance with the context of the study were excluded from the analysis process. With this approach, the study was able to build a strong synthesis of various studies that had been conducted previously.
The use of the SLR method in this study aims to obtain comprehensive and evidence-based conclusions. The results obtained not only represent individual data from each study, but are also able to reveal patterns, trends, research gaps, and future research directions. Thus, this SLR approach not only increases the validity of the study but also provides significant scientific contributions in mapping knowledge related to the issues discussed.
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Figure 1. PRISMA Diagram of Article Selection

3. Results and Discussion
Based on the summary of seven scientific publications in the table, there is consistency as well as variation in the average value of Downward Surface Radiation (DSR) received by global land. In general, DSR values ​​range from 171.6 W/m² to 185 W/m², depending on the observation period, data source (satellite, reanalysis model, or direct observation), and coverage area (global, land, or ocean). Although these differences may seem small in nominal terms, climatologically, fluctuations as small as these can indicate significant changes in the Earth's energy balance.
Research by Hatzianastasiou et al. (2005) shows a global DSR increasing trend of 4.1 W/m² per decade between 1984–2000. This reflects the influence of atmospheric changes such as a decrease in aerosols (global brightening), which causes an increase in the amount of solar energy reaching the surface. This finding is reinforced by Wild et al. (2013, 2015) which shows a surface radiation value approaching 185 W/m² at the beginning of the 21st century, with the note that there is an uncertainty range of ±2 W/m². This shows that the climate change phenomenon has significantly affected the dynamics of surface radiation.
P Differences in methods and data sources also contribute to factors that influence estimation results. For example, Zhang et al. (2016) used reanalysis data from various international institutions and produced a global average DSR value of 182.9 W/m², while Zhang et al. (2019) used MODIS data and obtained an average value of 184.8 W/m² during the period 2003–2015. Meanwhile, Chen et al. (2014) also used MODIS data but their estimated results were lower, namely 182.5 W/m². This difference indicates sensitivity to spatial resolution, data processing methods, and temporal coverage.
From the energy balance perspective, Li & Leighton (1993) provide an initial perspective showing that about 24.3% of the solar radiation entering the Earth system is absorbed by the atmosphere, 46% is absorbed by the surface, and 29.7% is reflected back to space (albedo). This shows that in addition to the quantity of solar energy received at the surface, it is also important to consider the proportion of absorption and reflection to understand the impact on the climate system as a whole.
Interestingly, there is a tendency for the radiation received by land to be higher than that of the ocean, as noted by Zhang et al. (2016) and Wild et al. (2015), which showed a difference of 4–5 W/m² between the two. This can be explained by the differences in albedo and heat capacity properties between land and ocean surfaces. Land tends to absorb and release heat faster, while the ocean has a greater energy storage capacity but is slow in its thermal response.
Table 1. Comparison of Solar Radiation Measurement Results
	[bookmark: _Hlk198103160]No.
	Writer
	Title
	Results

	1
	(Hatzianastassiou et al., 2005)
	Global distribution of Earth's surface shortwave radiation budget
	- The average downward surface radiation (DSR) was 171.6 W/m2, and the global average downward surface radiation (absorbed) was 149.4 W/m2, based on a 17-year average from 1984 to 2000.
- There was a significant increasing trend in DSR (total 4.1 W/m2, 2.4 W/m2 per decade) and net DSR (total 3.7 W/m2, 2.2 W/m2 per decade) during the period 1984-2000, indicating an increase in surface solar heating.

	2
	(Wild et al., 2013)
	The global energy balance from a surface perspective
	The global average total solar radiation in the upper atmosphere is estimated to be 340 W/m2, at the beginning of the 21st century. The global average downward solar radiation at the Earth's surface is estimated to be 185 W/m2, with an uncertainty range of 179-189 W/m2 at the beginning of the 21st century.

	3
	(Li & Leighton, 1993)
	Global climatologies of solar radiation budgets at the surface and in the atmosphere from 5 years of ERBE data
	- The maximum seasonal net solar radiation at the surface is more than 300 W/m2 in the subtropical oceans.
- The maximum seasonal absorption of solar radiation by the atmosphere is about 120 W/m2.
- The global and annual average net solar radiation is 157 W/m2 at the surface and 83 W/m2 in the atmosphere.
- Globally and annually, 24.3% of incoming solar radiation is absorbed in the atmosphere, 46.0% is absorbed at the surface, and 29.7% is reflected back to space (planetary albedo).

	4
	(X. Zhang et al., 2016)
	Evaluation of the Reanalysis Surface Incident Shortwave Radiation Products from NCEP, ECMWF, GSFC, and JMA Using Satellite and Surface Observations
	- The global annual average solar radiation values ​​are:
- 184.6 W/m2 on land
- 180.0 W/m2 in the ocean
- 182.9 W/m2 globally
- These values ​​are for the time period from 2001 to 2009.

	5
	(X. Zhang et al., 2019)
	An Operational Approach for Generating the Global Land Surface Downward Shortwave Radiation Product From MODIS Data
	The annual average global land DSR is 184.8 W/m2 with a standard deviation of 0.8 W/m2, measured over a 13-year period from 2003-2015.

	6
	(Wild et al., 2015)
	The energy balance over land and oceans: an assessment based on direct observations and CMIP5 climate models
	The average downward solar radiation over land is 184 W/m2 and the average downward solar radiation over the ocean is 185 W/m2, which represents current climate conditions at the beginning of the twenty-first century.

	7
	(Chen et al., 2014)
	An Efficient Method of Estimating Downward Solar Radiation Based on the MODIS Observations for the Use of Land Surface Modeling
	The global mean total solar radiation over land estimated using the MODIS data is 182.5 W/m2 for the period from 2003 to 2011.



Overall, the increasing trend of solar radiation to the Earth's surface is an important indicator in the study of climate change. Increased DSR leads to increased surface temperatures, which ultimately impact various environmental aspects such as weather patterns, water availability, agriculture, and human health. Therefore, continuous monitoring and modeling of DSR is essential to understand future climate dynamics and design effective mitigation and adaptation strategies.
The increasing trend of solar radiation to the Earth's surface indicates a shift in the global energy balance that can accelerate the rate of surface warming. Therefore, governments and international institutions need to strengthen climate change mitigation policies, such as reducing greenhouse gas emissions, controlling air pollution (aerosols), and preserving forests as a counterbalance to solar energy absorbed by the surface. Regulations that tighten the use of fossil fuels and expand renewable energy such as solar, wind, and biomass can be strategic steps to reduce the effects of further warming due to increased DSR.
Increased solar radiation also has an impact on urban microclimate temperatures, especially in large cities that are dominated by hard surfaces and minimal vegetation (Hong et al., 2021; Yang et al., 2023). Therefore, spatial planning policies must integrate the principles of sustainable and climate-adaptive development, such as the implementation of green buildings, increasing green open spaces, and using high-albedo building materials. In areas that have shown a tendency towards extreme temperatures due to increased DSR, thermal zoning and building orientation arrangements need to be carried out to reduce the risk of excessive heat exposure.
The direct impact of increased solar radiation on humans cannot be ignored. Increased ultraviolet (UV) radiation intensity can cause health problems such as skin cancer, cataracts, and decreased immune system. Therefore, it is necessary to formulate preventive health policies, including public education campaigns on the dangers of excessive sun exposure, provision of UV protection facilities in open spaces, and adjustment of outdoor working hours during seasons or hours with high radiation. This policy is also important in formulating work safety standards for directly affected sectors such as agriculture, fisheries, and construction.
In the agricultural sector, increasing DSR can have a double effect: on the one hand increasing photosynthetic potential, but on the other hand risking causing heat stress and faster groundwater evaporation (Dos Santos et al., 2022; Farooq et al., 2023). Therefore, climate-based agricultural adaptation policies need to be strengthened, such as the development of heat-resistant plant varieties, the preparation of radiation-based planting calendars, and the optimization of micro-irrigation. In addition, the integration of DSR data into agricultural early warning systems can help farmers in making more adaptive and data-based decisions.
In general, the increase in solar radiation to the Earth's surface has multidimensional implications that need to be addressed with cross-sector policies. Governments, academics, and communities need to build accurate national and local solar radiation monitoring systems that are integrated with climate change adaptation policies. These responsive and evidence-based steps are essential to minimize risks and maximize the potential of increasing solar energy, in order to achieve resilient and sustainable development.

4. Conclusion
Based on a systematic review of seven major studies, it was revealed that solar radiation to the Earth's surface (Downward Surface Radiation/DSR) showed a significant increasing trend in recent decades. This increase was largely driven by the global brightening phenomenon due to a decrease in atmospheric aerosols. This phenomenon indicates a shift in the global energy balance that contributes to surface warming and accelerated climate change. This finding emphasizes the importance of continuous DSR monitoring as a basis for cross-sector policy making—from emission mitigation, urban spatial planning, to adaptation of the agricultural and health sectors—to respond to the multidimensional impacts of increasing global solar energy.
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