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Abstract

:

The estimation of the solar resource on certain surfaces of the planet is a key factor in deciding where to establish solar energy collection systems. This research uses a mathematical model based on easy-access geographic and meteorological information to calculate total solar radiation at ground surface. This information is used to create a GIS analysis of the State of Nuevo León in Mexico and identify solar energy opportunities in the territory. The analyzed area was divided into a grid and the coordinates of each corner are used to feed the mathematical model. The obtained results were validated with statistical analyses and satellite-based estimations from the National Aeronautics and Space Administration (NASA). The applied approach and the results may be replicated to estimate solar radiation in other regions of the planet without requiring readings from on-site meteorological stations and therefore reducing the cost of decision-making regarding where to place the solar energy collection equipment.
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1. Introduction


Solar energy is one of the most popular sources of renewable energy around the world. Compared to other forms of energy supplies, such as fossil fuels, producing energy based on solar resources reduces carbon dioxide emissions. This fact promotes more energy supply diversification and as a result a regional energy independence for difficult access regions from the electric grid. Moreover, according to the International Energy Agency (IEA), solar power may become the World’s leading energy source by 2050. This phenomenon is rapidly advancing towards the goal, e.g., solar energy accounted for about one-quarter of all new energy production installations in the first half of 2017 in the United States, which represents almost   1.6   million solar installations in total for the whole country [1]. An important aspect to consider, as photovoltaic (PV) systems increase, is the amount of land surface used to place the system that collect the solar resource. It is necessary to consider soil consumption, electricity consumption, and renewable electricity production, as well as their relationships and possible policies that will allow the adequate development of large-scale use of solar resource collection systems [2].



Various approaches to estimate solar irradiation have been applied globally. Regarding the task of measuring solar irradiation, it is well known that the best solution is to have meteorological stations that directly measure the total amount of solar radiation using specialized sensors such as pyranometers and pyrheliometers, but the installation, operation, and maintenance of the stations can be expensive. On the other hand, the estimation of solar irradiation is regularly realized by means of satellite readings [3] and mathematical models [4]. These approaches may have a larger effective area range of measurement. When comparing the cost between measuring and estimating, the first approach is more expensive, and it requires investment in equipment and its installation and maintenance; by contrast, accurate estimation models require considering many variables such as cloud cover and solar zenith angle [5]. In this context, the present investigation focuses on the estimation of solar irradiation using mathematical models.



Mathematical models have been reported for several years to estimate total solar irradiation. A very complete work applied 294 different empirical-based mathematical models to estimate the solar resource in regions of China. In the study, the models were grouped according to their characteristics and two statistics were applied (root mean square error (RMSE) and relative root mean square error (RRMSE)) to validate them [4]. Another reported result was performed via empirical models and considered the sky-diffuse radiation [6]. Research efforts have also focused on reviewing the accuracy of the models, and a study has analyzed twelve empirically based models and compared them with models based on machine learning, the latter being the ones with the best performance. These results have shown significant opportunity areas in some empirical models [7]. This opens the possibility to other radiation estimation approaches such as deep learning, which has been applied to a multi-layer perceptron (MLPs) method to estimate horizontal daily solar irradiation [8], bayesian model averaging and machine learning [9], or more theory-oriented control systems like Kalman filters [10].



An important consideration when working with mathematical models that estimate solar resources is their validation. For example, Kausika et al. [11] report a calibration and validation of a model, and for this they use experimental data from at least two meteorological stations. In addition, disadvantages are presented such as underestimation and overestimation of solar insolation.



Among research efforts dealing with solar energy, some of them deal with the growth and application of solar energy in Mexico. Reports include an analysis of different scenarios regarding the possible integration of solar systems in Mexico taking into account climate policies, where it was found that the cost-optimal share of solar energy in electricity and transportation would be 75% and 90%, respectively [12]. Other research reports a review of the solar resource assessment in Mexico, where the differences in the estimated radiation between the different maps reported for Mexico stand out; differences that can be of the order of 40% between the reported values. When comparing these results with estimates that make use of satellite measurements, which are more precise, an important drawback is observed in the work of estimating solar irradiation in Mexico [13]. A more recent investigation estimated solar irradiation, along with the assessment of available solar resources based on meteorological and geographical data in the northwestern state of Sonora [14].



The work reported by Enríquez-Velásquez et al. [14] is based on the mathematical model developed by Obukhov et al. [15] and adapted for its use in a northern state of Mexico. The estimates were validated with data from the National Aeronautics and Space Administration (NASA) [16], which are satellite readings, and the Mexican National Weather Service (Servicio Metereológico Nacional, SMN, by its acronym in Spanish), which are meteorological stations [17]. The results in [14] were close to those obtained by NASA and SMN. As part of the method, the area was divided into the 72 counties of Sonora State, which have very irregular shapes, and more research is required on this regard.



The SMN has meteorological stations all around the country and they have the capability to measure solar radiation. For the measurement, the stations are equipped with pyranometers and pyrheliometers. Besides, there are two types of stations in the SMN network: automatic meteorological stations (EMAS by its acronym in Spanish) and synoptic meteorological stations (ESMAS, by its acronym in Spanish). Although there are slight differences between the variables they measure, both have solar radiation sensors (which is important to us in this study). Moreover, all stations provide measurements that are considered valid within a radius of 5 km [17].



Even though Mexico has weather stations to measure solar radiation, the problem to develop estimation models arises from the limited number of meteorological locations, which is around 270 (190 EMAS and 80 ESMAS) [17]; therefore, there is a lack of meteorological stations, and this is more evident in the north of the country, where the case study of this work is located. In addition, having stations implies operation and maintenance costs, which is also a constraint. Moreover, it has been reported that a significant number of stations may have erroneous measurements or that they have not met certain validation criteria [18]. Another study reported that only 33% of the stations in the state of Sonora (northwest of Mexico) were reliable, which is due to, among other causes, the possible deficient maintenance of the stations. This generated loss or inconsistency of data, which prevented reliable readings [14].



One of the states with the most industrial development in Mexico is Nuevo León where solar energy harvesting could be a relevant option to reduce the operating costs of various industrial processes, but also of consumption in houses/rooms. Although the area of this state is 64,924 km2, there are only four meteorological stations to measure solar radiation [17]. This situation poses a problem and in turn a motivation for the present study.



Given the previous context and scenario, this research focuses on the estimation of solar irradiation using the mathematical approach reported in [14]; however, it applies a different approach. We divide the area by means of a discrete grid, so it covers the entire area of the state at evenly spaced points. As a reference, the coordinates (latitude and longitude) of each square’s corner are taken instead of the midpoints of irregular surfaces. The case study considered is the state of Nuevo León in the northeast of Mexico. Results are validated by means of statistical methods and are compared against NASA estimations. No field stations are required, so it gives an advantage over direct measurements in the field, which implies the use of technological equipment.



The manuscript is organized as follows. Section 1 includes the context, relevance, previous work, motivation, and contribution of this research. Section 2 explains the database used for the study. Section 3 develops the applied methodology, whereas Section 4 presents the findings and discussions. The article closes with a section on conclusions and future work.




2. Data Sources


This section describes The Power Project database of the National Aeronautics and Space Administration (NASA) through the Surface Meteorology and Solar Energy (SSE), which is available to the public through an internet portal [16]. The current research work utilizes the resources in The Power Project to establish a proper estimation of solar resource for the state of Nuevo León located in the northeast region of Mexico highlighted in Figure 1.



It is intended that this research will allow evaluating the viability of implementation of solar projects in this zone, as well as establishing methods of estimating the solar irradiation in other areas using the same program. This data source was selected due to its reliability and access to data worldwide for the parameters required for the calculations in the model utilized in this research and as a reference for comparison against data obtained from the model during the validation for the analyzed geographic zone. In addition, this data source contains a collection of around 30 years of several meteorological parameters based on satellite observation. This provides a solid comparison reference for validation of the model.



Inside the main page of The Power Project, select the option POWER DATA ACCESS VIEWER, and a map will be displayed. In the floating menu, select the Climatology option and enter the desired latitude and longitude, along with the parameters of interest. With this, the database provides the required data [16]. For the current research, clearness index (  k t  ) and surface albedo ( ρ ) were obtained from the database for the calculations as well as all sky insolation incident on a horizontal surface (G) for validation of the model.



Note that other data sources such as meteorological stations from the Mexican national meteorological system (SMN) were considered but discarded due to the lack of stations in the state of Nuevo León (only three stations), which was considered not enough for comparison.




3. Methodology


This section presents the research methodology that was followed to obtain a GIS analysis, which reflects the yearly behavior of the total insolation as well as the maximum and minimum temperatures in the state of Nuevo León, Mexico. Besides, all the process related to the validation of the model employed and the design of a representative grid are illustrated for the state of Nuevo León. The applied methodology is presented in Figure 2.



3.1. Mathematical Model


The work reported by Enríquez-Velásquez et al. [14] was based on the mathematical model developed by Obukhov et al. [15] for high latitudes (55° N). This model was applied in [14] for the calculation and evaluation of the solar resource in the Northwestern Mexican state of Sonora at latitudes between 26° and 32° N. The applied mathematical formula for the estimation of total solar irradiation arriving at an inclined surface (G) is as follows:


  G =  [  G D   (   c o s θ   c o s  θ z    )  ]  +  G  D H    [   A i   (   c o s θ   c o s  θ z    )  +  [  ( 1 −  A i  )   (   1 + c o s β  2  )  ]  +  [  (  G H  )   ( ρ )   (   1 − c o s β  2  )  ]   



(1)







Equation (1) presents the calculation of the total solar irradiation on a surface orientated at any angle, it adds the direct, diffuse, and reflective components of solar radiation for calculation. The model includes the tilt angle of the receiving surface ( β ), the surface albedo ( ρ ), the incidence angle ( θ ), the solar zenith angle (  θ z  ), and the anisotropic index (  A i  ). Other parameters such as the diffusion index   K D   were calculated using the conditional table reported in [14]. For further information on the calculation of each variable, the same document can be consulted.



Table 1 shows the day taken to represent a reliable average representation of solar irradiation for each month. In addition, the model was used to calculate the average monthly solar irradiance on a horizontal surface throughout the year. The above-mentioned model was written in MATLAB and was instructed to read the input data from an Excel file containing the pertaining data of all the chosen geographical points of interest, and once every calculation was made, it outputted the resulting data in a second Excel file for further processing of the data. Furthermore, additional input data to run the mathematical model were obtained with the use of Python code requesting mass data from NASA’s POWER LARC API. These data were produced as several CSV files that were later merged using Excel data manipulation tools for them to be readable by the model.



In this research, 80 geographic coordinates were fed to the program at once. The program calculations took around 90 min to complete for the millions of required calculations for several geographical points. This represents a significant advantage over calculating each data point manually or retrieving all the several results and parameters from a database. The mathematical model presents a clear advantage of calculating several geographical data points at once and generates an Excel file with the results in an acceptable period of time.




3.2. Statistical Parameters


To validate the model, pertinent statistical methods were used to ensure data accuracy. The data generated using the herein mathematical model were compared against the data provided by NASA SSE project [16], specifically for “Total radiation arriving at a horizontal surface” parameter G. The eight statistical methods employed are outlined in Equations (2)–(9), where   X i   stands for each G-value calculated by the mathematical model,   Y i   is the G-value provided by NASA’s SSE database, n is the number of months (sample size), and i represents the month number analyzed.



MAE—Mean absolute error


  M A E =  1 n   ∑  i = 1  n   |  X i  −  Y i  |   



(2)







In Equation (2), mean absolute error (MAE) represents the average of the error’s magnitude. It is desired for this value to be as close to zero as possible. MAE calculates a ratio relating the number of samples n to the magnitude of the error vector [20].



MBE—Mean bias error


  M B E =  1 n   ∑  i = 1  n   (  X i  −  Y i  )   



(3)







In Equation (3), mean bias error (MBE) calculates the bias of the model results. For this value, the closer it is to zero, the better [21].



RMSE—Root mean square error


  R M S E =    1 n   ∑  i = 1  n    (  X i  −  Y i  )  2     



(4)







In Equation (4), root mean square error (RMSE) calculates the standard deviation of the calculated data [22]. It is desired to be as close to zero as possible.



MPE—Mean percentage error


  M P E =  100 n   ∑  i = 1  n   (    X i  −  Y i    Y i   )   



(5)







In Equation (5), mean percentage error (MPE) calculates the percentage of the error in the model calculated data, it is used to describe the performance of the error. A   ± 10 %   value is allowable [23].



RPE—Relative percentage error


  R P E = (    X i  −  Y i    Y i   ) × 100  



(6)







Equation (6) calculated the relative percentage error (RPE) that represents the percentage of error for each of monthly results. A   ± 10 %   value is permissible [24].



r—Correlation coefficient


  r =     ∑  i = 1  n    (  X i  −  X ¯  )   (  Y i  −  Y ¯  )       ∑  i = 1  n     (  X i  −  X ¯  )  2    ∑  i = 1  n     (  Y i  −  Y ¯  )  2      



(7)







In Equation (7), r (correlation coefficient) indicates the correlation between two different variables in a range of   ± 1  , where   + 1   is a positive linear correlation,   − 1   represents a negative linear correlation, and 0 stands for no correlation at all. Correlation vales are desired to be as close to 1 as possible. Moreover,   X ¯   represents the annual average G-value calculated using the mathematical model, and   Y ¯   is the annual average G-value provided by the NASA SSE database [25].



  R 2  —Coefficient of determination


   R 2  = 1 −  (     ∑  i = 1  n     (  Y i  −  X i  )  2      ∑  i = 1  n     (  Y i  −  Y ¯  )  2    )   



(8)







In Equation (8), the coefficient of determination,   R 2  , determines the percentage of variability between the results of the model and data set used, particularly in calculating the adequacy of the model to explain the variations represented with a value from 0 to 1. It is desired for   R 2   to be as close to 1 as possible [26].



t—Student distribution test


  t =     ( d f )    ( M B E )  2      ( R M S E )  2  −   ( M B E )  2      



(9)







As presented in Equation (9), the t—Student distribution test is commonly used to relate the significance of two independent data sets, and it is specifically useful when dealing with a small sample size (small value of n, in this case, 12 months). This statistical test shows if a value shows statistical significance according to selected metrics. For this test, a critical value of   4.025   was chosen to reflect a confidence level of   99 %   and eleven degrees-of-freedom. In the formula, MBE represents the Mean bias error, RMSE represents the Root mean square error, df stands for degrees of freedom, and n is the number of months calculated. To prove statistical significance, the calculated t-value must be less than the chosen critical value [27].




3.3. Model Validation


The NASA SSE data were used to validate the model’s results for each of the five chosen locations by evaluating that these results coincide with, or approximate, the data obtained by NASA SSE. Statistical models were calculated to analyze the performance of the model compared to the data source. The model was validated using these strategic points scattered at the edges of the Mexican state of Nuevo León under the premise of having an overview of the model behavior under the most extreme parameter conditions available in this territory.



The five points were chosen to represent the cardinal points in the state. They were placed as follows: Monterrey city to the west, China represents a point in the center of the state, Osca town to the East, Doctor Arroyo to the South, and Anáhuac to the North. This deployment allowed more diverse data to be used for validation of the model, something that would not have been possible if Mexico’s Meteorological Service’s data had been used instead. The latitudes and longitudes of the five locations are listed in Table 2.



The calculated validation data were processed using several statistical methods to ensure their significance and accuracy by comparing them to NASA’s long-term acquired data. This comparison was further explored by plotting them side-by-side using MATLAB functions.




3.4. Area Justification


To create a visual representation of the temperatures and solar radiation in the delimited surface, a grid was created to generate heat maps for the whole state. The Tech District, the area around the Monterrey tech campus, was selected as the origin point of this grid, i.e., the rounded red-black point to the right of   Z 0   as shown in Figure 3. This is because the location is of special interest for future research on solar energy, and a meteorological facility is in the process to be installed in this area. The grid was generated from this point using axes parallel to the equator and the Greenwich Meridian, respectively. Each grid cell is composed of a 30 km-sided square, using the vertices of each cell as evaluation points for the desired data (maximum temperature, minimum temperature, or solar irradiation); thus, 80 of these points were produced around the state of Nuevo León. The 30 km × 30 km grid resolution was used to prevent retrieving too many data points, but at the same time providing acceptable results (supported by the statistical validation and comparison against NASA SEE database). A higher resolution (with lower length for each cell side) is not convenient as, if vertices are too close to each other, solar radiation will vary little between them. Figure 3 and Figure 4 illustrate the work done in Google Earth software to distribute the 80 points and to draw the grid to cover all the surface of the state.




3.5. Heat Maps


GIS maps are used to determine the amount of solar resource on a certain surface. The total solar radiation was calculated for each point on the statewide grid for each month of the year. Average maximum and minimum monthly temperatures were taken from the NASA SSE data source for each point as a comparison reference. The model was run in these chosen locations in the grid. The results were then plotted in several heatmaps to provide an overview of the annual variation in solar irradiance arriving at a horizontal surface throughout the state’s territory.



The heatmaps were coded in Python with support of Pandas and Plotly libraries. The Pandas library was used for data manipulation. The Plotly library was employed to fetch maps and generate a heatmap on top of it, adding its corresponded legends and color bar. At last, Kaleido library was employed to generate a resulting vectorized image for further enhancement and postprocessing.





4. Results and Discussion


This section presents the results obtained in the research and discuss the findings to develop an identification of opportunities and potential for solar energy in the state of Nuevo León based on the results.



4.1. Model Validation Results


The mathematical model was analyzed for the five locations presented in Section 3, which were selected in the state of Nuevo León to represent its surface. These points were selected for each cardinal and one in the middle of the state to ensure the maximum coverage possible. Based on these points, a validation comparing the model against the NASA SSE database using the statistical parameters presented in Section 3 was realized.



The results obtained from the above-mentioned analysis were satisfactory for all the cases and just small discrepancies were observed. Noticed values for MAE, MBE, and RMSE were close to zero for almost all cases, which means minimum errors presented between the model and the reference. Slightly higher values of these parameters were shown in the cases of China and Anahuac, but they remain acceptable.



For MPE and RPE tests values close to zero percent were obtained for all localities, which means all cases were on an acceptable range. It was found positive linear correlation for all cases using the parameter “r”. Furthermore, for   R 2   tests, the best performance was presented in Dr. Arroyo and La Osca, followed by Monterrey and Anahuac, a smaller performance but still acceptable was observed in China.



The t-distribution test illustrates four of the analyzed points as statistically significant, the only exception was Anahuac which remained a little high respect to the critical point selected. Based on the realized statistical results, it was observed that the model is a very close approximation to the values obtained from the NASA SSE database. This proves that the model is a valid estimation of solar irradiation in the geographical coordinates of the state of Nuevo León. Table 3 and Table 4 provide all the monthly calculations for solar irradiation obtained from the model and the reference from NASA SSE. Additionally, it shows the values obtained for all the statistical metrics analyzed. To review the accuracy of results, refer to the statistical parameters in Section 3.2.



Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9 illustrate the behavior of the model respect to the values from the NASA SSE database. The values shown in Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9 are in kWh/m2 for solar irradiation. It can be observed that for La Osca, the model and the NASA SSE values were nearly identical for all months, then for Dr. Arroyo and Monterrey small discrepancies were observed in certain months. Finally, the biggest differences were found in Anáhuac and China for the summer months, but these differences remain small.



Based on the validation realized and results in Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9, it is shown that the model proposed is a close estimation of solar resource in the region for latitudes from 23° to 28° and longitudes from −98° to −101°.




4.2. GIS Analysis Results


From the GIS analysis applied to the grid described in Section 3 for strategical points to calculate solar irradiation in Nuevo León, it was found that the minimum value during the year for all the state surface was   2.97   kWh/m2 and reached a maximum value of   6.68   kWh/m2 in the analysis of the points studied. This illustrates the availability of solar resource in the states and its evolution throughout the year. As a result, for the 12 months of the year, the GIS of average total solar irradiation at a horizontal surface, the average of the maximum temperatures, and the average of the minimum temperatures are presented in Figure 10, Figure 11, Figure 12, Figure 13, Figure 14, Figure 15, Figure 16, Figure 17, Figure 18, Figure 19, Figure 20 and Figure 21. These GIS were generated from the computations in Appendix A.



The identified zone with the most constant solar irradiation levels during the year was south-west of the state, except for the months of June–August, where solar irradiation passes to be almost constant in the whole state but with slightly higher values in the north and east of the state in June and July. The average maximum and minimum temperatures for the state fluctuate in a range from 1.55 °C to 43.84 °C during the year for all the points analyzed.



The highest temperatures were found in the northern and eastern regions, whereas the lowest are in the south and west. On the other hand, the state contains mountainous terrain in its southern and western areas, passing to plains in its northern and eastern regions. All the previous factors must be considered in planning PV projects. Based on the previous factors, it was found that the west region where the capital city of Monterrey is located appears promising on average throughout the year for values of total solar irradiance. However, the effect of low and high temperatures on photovoltaic systems must be taken into account to realize the proper design for solar projects considering the effects of extreme temperatures on solar PV panels (current and voltage). An advantage of the state in terms of minimum temperatures is that there are no sub-zero temperatures, which facilitates the design and selection of components of a photovoltaic system, by not leading to such large variations in voltage due to temperature change.



A factor to consider for the west and south zones of the state is that the terrain is mountainous, which makes it difficult to implement large-scale photovoltaic projects due to space and suitable terrain issues. This is because of the space required to avoid shadowing and the right distribution of solar panels in the terrain; the bigger the project, the most terrain it will require. On the other hand, north and east regions are defined by plain terrain, which allows development of large-scale PV projects. Here, the main issue is maximum temperatures in summer, which reduce efficiency in the energy conversion from PV panels, so measures to counteract these effects must be taken in the design.



The GIS analysis applied to solar irradiation proves itself a useful tool that allows easy identification of opportunity areas for photovoltaic systems in the state of Nuevo León. The main advantage is that all information required for decision-making is shown, comparing parameters which affect PV performance and planning, such as temperatures and geographical terrain. It is important to consider the proper resolution for the analyzed area. As explained in Section 3, a distribution of points on a grid of 30 × 30 km was defined.



Compared against the approach applied by Enríquez-Velásquez et al. [14], the approach herein has the improvement of using a grid to divide the area of interest, instead of dividing the surface into municipalities, which have irregular shapes, as it was done in the state of Sonora, Mexico. The grid concept is versatile and allows to estimate, in a more uniform way, the solar resource of any area, taking a given latitude and longitude as the origin point of the grid. It should also be considered that the mathematical model will need to be validated if it is going to be applied to other latitudes and longitudes as suggested by Kausika et al. [11].





5. Conclusions and Future Work


Based on the findings previously described in Section 4, it is concluded that the mathematical model utilized in this research work was successful for computing total solar irradiation and demonstrated high accuracy values for the state of Nuevo León in México. This accuracy was proved using statistical metrics comparing the model against the NASA SSE database as reference. The validation of the model was tested for the geographic zone between latitudes from 28° to 23° N and longitudes from 98° to 101° W.



Based on a scrutiny of the state of Nuevo León using GIS analysis, the solar irradiation calculated by the model was compared against maximum and minimum temperatures, and opportunities for local photovoltaic (PV) development were identified. The GIS analysis was realized over a grid of 30 × 30 km, which covers the totality of the state surface. This approach allowed a clear visualization of the solar irradiation, without rejecting data due to long distances between the points of the grid proposed. It was concluded that solar irradiation in the state of Nuevo León ranges from   2.98   kWh/m2 to   6.68   kWh/m2, as minimum and maximum ranges. This result demonstrated the high potential of solar energy projects in the region. The comparison against extreme temperatures and geographical terrain allowed to point certain areas in the region, which are more suitable for PV development.



It was also inferred that the most suitable zones for solar collecting systems may be located in the southwest, which presented constant solar irradiation values throughout the year; however, these zones are mountainous, so it should be considered in the design of solar farms due to space requirements to avoid shadowing among solar panels. Note that the most industrialized zone of the state is located in the Monterrey metropolitan area, and it presents constant solar irradiation throughout the year, which represents great potential for the sustainable development of the industrial base in the city.



This would result in greatly reducing the carbon emissions of the state, which is one of the most industrialized in Mexico. As a result, this region would contribute towards the accomplishment of Mexico’s international agreements in relation to the reduction of its carbon footprint and commitments such as the Paris Agreement. This would be reflected in urbanization and sustainable development in electricity generation for the city of Monterrey. The mathematical model used in this research is shown to be an easy and accurate tool to estimate solar irradiation in the region, with the ease of not depending on field references for the calculations, and only requires meteorological data and geographic coordinates easily accessible online.



This represents an economical alternative compared to meteorological stations that require constant maintenance and cost of implementation. In addition to these factors, it should be considered that a large number of meteorological stations must be available to cover the entire area of the state for the same resolution obtained by the model. Considering all the previous factors, it is concluded that the proposed model and GIS analysis offer a great opportunity for solar energy planning in the public and private sectors in the state, and to used these GIS methods as decision-making tools and reference for the implementation of solar projects in the region. Furthermore, a tool for a possible cooperation with the United States regarding sustainable development of both nations.



As future work, the application of the model is proposed by implementing different inclination angles for the receiving surface, as well as surface azimuth to simulate the daily tracking of the sun throughout the year. Besides, more databases for solar resource estimation may be employed to reinforce the validation of our results. This would be the basis for developing a solar monitoring system that would increase the efficiency of solar collection in PV systems within the region, and thus, increasing their profitability and production of electrical energy. Additionally, solar tracking could be used to design arrays of heliostats to focus sunlight at a central tower to heat liquids and generate steam for electric generation using solar thermal technologies. These projects are focused on sustainable urban and industrial development facing the current challenges of climate change.







Author Contributions


Conceptualization, E.A.E.-V. and J.d.-J.L.-S.; methodology, E.A.E.-V., L.C.F.-H. and V.H.B.; software, F.A.V.-D.; validation, F.A.V.-D., L.A.S.C., E.A.E.-V. and L.C.F.-H.; formal analysis, F.A.V.-D., L.A.S.C. and E.A.E.-V.; investigation, F.A.V.-D., L.A.S.C., E.A.E.-V., L.C.F.-H. and V.H.B.; resources, J.d.-J.L.-S.; data curation, F.A.V.-D. and E.A.E.-V.; writing-original draft preparation, F.A.V.-D., L.A.S.C., E.A.E.-V. and L.C.F.-H.; writing—review and editing V.H.B., J.d.-J.L.-S. and R.A.R.-M.; visualization, V.H.B., J.d.-J.L.-S. and R.A.R.-M.; supervision, L.C.F.-H.; project administration, L.C.F.-H.; funding acquisition, J.d.-J.L.-S. and R.A.R.-M. All authors have read and agreed to the published version of the manuscript.




Funding


The APC was funded by CampusCity Initiative from the School of Engineering and Sciences at the Tecnologico de Monterrey.




Acknowledgments


The authors are grateful to Tecnológico de Monterrey for having provided the software resources to carry out the simulation work. In addition, we thank NASA—The Power Project for giving free access to its databases and to consult the reference values to estimate the total solar irradiation and corroborate the results.




Conflicts of Interest


The authors declare no conflict of interest. The funder had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.





Appendix A


Solar Irradiance Parameters for the 80 Selected Points in the State of Nuevo León
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Table A1. Monthly parameter measurements for each point on the state-wide grid.
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	Location
	LAT
	LON
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	D. Tec
	25.6544°
	−100.2871°
	G_Model
	3.79
	4.64
	5.64
	5.98
	6.27
	6.28
	6.09
	5.9
	5.04
	4.62
	4.15
	3.59
	5.17



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	25.32
	29.09
	33.96
	38.27
	40.54
	40.39
	39.07
	38.73
	34.64
	32.16
	28.52
	25.17
	33.82



	
	
	
	TS_MIN
	5.07
	6.96
	9.97
	14.2
	17.87
	19.46
	19.15
	19.31
	17.54
	13.68
	9.16
	5.8
	13.18



	A1
	25.9252°
	−100.2871°
	G_Model
	3.77
	4.62
	5.63
	5.98
	6.27
	6.29
	6.09
	5.9
	5.03
	4.61
	4.13
	3.56
	5.16



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	25.32
	29.09
	33.96
	38.27
	40.54
	40.39
	39.07
	38.73
	34.64
	32.16
	28.52
	25.17
	33.82



	
	
	
	TS_MIN
	5.07
	6.96
	9.97
	14.2
	17.87
	19.46
	19.15
	19.31
	17.54
	13.68
	9.16
	5.8
	13.18



	A2
	26.196°
	−100.2871°
	G_Model
	3.49
	4.29
	5.34
	5.77
	6.17
	6.41
	6.21
	5.9
	5.02
	4.43
	3.83
	3.36
	5.02



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	25.18
	29.31
	34.63
	39.31
	41.99
	42.29
	41.06
	40.87
	36.6
	33.8
	29.16
	25.04
	34.94



	
	
	
	TS_MIN
	5.7
	7.82
	11.2
	15.55
	19.62
	21.64
	21.45
	21.67
	19.58
	15.38
	10.3
	6.42
	14.69



	A3
	26.4668°
	−100.2871°
	G_Model
	3.46
	4.27
	5.33
	5.76
	6.17
	6.41
	6.22
	5.9
	5.01
	4.41
	3.81
	3.33
	5.01



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	25.18
	29.31
	34.63
	39.31
	41.99
	42.29
	41.06
	40.87
	36.6
	33.8
	29.16
	25.04
	34.94



	
	
	
	TS_MIN
	5.7
	7.82
	11.2
	15.55
	19.62
	21.64
	21.45
	21.67
	19.58
	15.38
	10.3
	6.42
	14.69



	A4
	26.7375°
	−100.2871°
	G_Model
	3.44
	4.25
	5.31
	5.76
	6.17
	6.42
	6.22
	5.89
	5
	4.39
	3.79
	3.31
	5



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	24.9
	29.23
	34.88
	39.64
	42.35
	43.17
	42.17
	42.13
	37.76
	34.73
	29.43
	24.72
	35.43



	
	
	
	TS_MIN
	5.71
	7.94
	11.58
	16
	20.26
	22.64
	22.6
	22.91
	20.53
	16.05
	10.67
	6.43
	15.28



	A5
	27.0083°
	−100.2871°
	G_Model
	3.35
	4.15
	5.21
	5.75
	6.17
	6.43
	6.45
	6.1
	5.18
	4.37
	3.76
	3.16
	5.01



	
	
	
	G_NASA
	3.35
	4.05
	5.18
	5.65
	6.09
	6.32
	6.43
	5.93
	5.07
	4.34
	3.67
	3.14
	4.93



	
	
	
	SRF_ALB
	0.16
	0.16
	0.16
	0.16
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.53
	0.55
	0.58
	0.56
	0.56
	0.57
	0.58
	0.58
	0.55
	0.55
	0.57
	0.53
	0.56



	
	
	
	TS_MAX
	24.65
	29.17
	34.91
	39.61
	42.25
	43.65
	42.9
	43.08
	38.64
	35.24
	29.54
	24.45
	35.67



	
	
	
	TS_MIN
	5.92
	8.28
	12.13
	16.6
	20.96
	23.63
	23.74
	24.14
	21.43
	16.76
	11.16
	6.67
	15.95



	A6
	27.279°
	−100.2871°
	G_Model
	3.33
	4.13
	5.19
	5.75
	6.18
	6.43
	6.45
	6.1
	5.17
	4.35
	3.74
	3.14
	5



	
	
	
	G_NASA
	3.35
	4.05
	5.18
	5.65
	6.09
	6.32
	6.43
	5.93
	5.07
	4.34
	3.67
	3.14
	4.93



	
	
	
	SRF_ALB
	0.16
	0.16
	0.16
	0.16
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.53
	0.55
	0.58
	0.56
	0.56
	0.57
	0.58
	0.58
	0.55
	0.55
	0.57
	0.53
	0.56



	
	
	
	TS_MAX
	24.65
	29.17
	34.91
	39.61
	42.25
	43.65
	42.9
	43.08
	38.64
	35.24
	29.54
	24.45
	35.67



	
	
	
	TS_MIN
	5.92
	8.28
	12.13
	16.6
	20.96
	23.63
	23.74
	24.14
	21.43
	16.76
	11.16
	6.67
	15.95



	A7
	27.5498°
	−100.2871°
	G_Model
	3.31
	4.11
	5.18
	5.74
	6.18
	6.44
	6.46
	6.1
	5.16
	4.34
	3.72
	3.12
	4.99



	
	
	
	G_NASA
	3.35
	4.05
	5.18
	5.65
	6.09
	6.32
	6.43
	5.93
	5.07
	4.34
	3.67
	3.14
	4.93



	
	
	
	SRF_ALB
	0.16
	0.16
	0.16
	0.16
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.53
	0.55
	0.58
	0.56
	0.56
	0.57
	0.58
	0.58
	0.55
	0.55
	0.57
	0.53
	0.56



	
	
	
	TS_MAX
	23.98
	28.54
	34.21
	38.9
	41.48
	43.4
	42.93
	43.39
	39
	35.02
	29
	23.8
	35.3



	
	
	
	TS_MIN
	5.5
	7.94
	11.84
	16.32
	20.76
	23.67
	23.96
	24.44
	21.47
	16.59
	10.87
	6.28
	15.8
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Table A2. Monthly parameter measurements for each point on the state-wide grid.
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	Location
	LAT
	LON
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	A-1
	25.3836°
	−100.2871°
	G_Model
	3.82
	4.66
	5.66
	5.99
	6.27
	6.27
	6.09
	5.9
	5.05
	4.64
	4.18
	3.61
	5.18



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	24.46
	27.81
	32.26
	36.09
	37.9
	37.3
	35.92
	35.48
	31.95
	29.91
	27.08
	24.33
	31.71



	
	
	
	TS_MIN
	3.78
	5.35
	7.96
	11.92
	15.15
	16.35
	15.99
	16.05
	14.65
	11.29
	7.42
	4.54
	10.87



	A-2
	25.1128°
	−100.2871°
	G_Model
	3.84
	4.68
	5.67
	5.99
	6.26
	6.27
	6.08
	5.9
	5.06
	4.66
	4.2
	3.64
	5.19



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	24.46
	27.81
	32.26
	36.09
	37.9
	37.3
	35.92
	35.48
	31.95
	29.91
	27.08
	24.33
	31.71



	
	
	
	TS_MIN
	3.78
	5.35
	7.96
	11.92
	15.15
	16.35
	15.99
	16.05
	14.65
	11.29
	7.42
	4.54
	10.87



	A-3
	24.842°
	−100.2871°
	G_Model
	4
	4.86
	5.87
	6.31
	6.59
	6.59
	6.3
	6.12
	5.36
	4.92
	4.36
	3.92
	5.43



	
	
	
	G_NASA
	4.06
	4.85
	5.9
	6.24
	6.52
	6.48
	6.28
	6.01
	5.3
	4.94
	4.46
	3.93
	5.41



	
	
	
	SRF_ALB
	0.16
	0.16
	0.17
	0.17
	0.17
	0.18
	0.17
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.6
	0.62
	0.64
	0.61
	0.6
	0.59
	0.57
	0.58
	0.56
	0.6
	0.63
	0.62
	0.6



	
	
	
	TS_MAX
	24.15
	27.47
	31.79
	35.5
	37.13
	36.09
	34.43
	33.94
	30.84
	29.18
	26.59
	24.07
	30.93



	
	
	
	TS_MIN
	3.21
	4.62
	7.02
	10.74
	13.7
	14.72
	14.26
	14.23
	13.07
	10.1
	6.6
	4.01
	9.69



	A-4
	24.5711°
	−100.2871°
	G_Model
	4.03
	4.88
	5.89
	6.31
	6.58
	6.59
	6.29
	6.12
	5.37
	4.94
	4.39
	3.94
	5.44



	
	
	
	G_NASA
	4.06
	4.85
	5.9
	6.24
	6.52
	6.48
	6.28
	6.01
	5.3
	4.94
	4.46
	3.93
	5.41



	
	
	
	SRF_ALB
	0.16
	0.16
	0.17
	0.17
	0.17
	0.18
	0.17
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.6
	0.62
	0.64
	0.61
	0.6
	0.59
	0.57
	0.58
	0.56
	0.6
	0.63
	0.62
	0.6



	
	
	
	TS_MAX
	24.15
	27.47
	31.79
	35.5
	37.13
	36.09
	34.43
	33.94
	30.84
	29.18
	26.59
	24.07
	30.93



	
	
	
	TS_MIN
	3.21
	4.62
	7.02
	10.74
	13.7
	14.72
	14.26
	14.23
	13.07
	10.1
	6.6
	4.01
	9.69



	A-5
	24.3003°
	−100.2871°
	G_Model
	4.05
	4.9
	5.9
	6.32
	6.58
	6.58
	6.28
	6.12
	5.38
	4.96
	4.42
	3.97
	5.46



	
	
	
	G_NASA
	4.06
	4.85
	5.9
	6.24
	6.52
	6.48
	6.28
	6.01
	5.3
	4.94
	4.46
	3.93
	5.41



	
	
	
	SRF_ALB
	0.16
	0.16
	0.17
	0.17
	0.17
	0.18
	0.17
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.6
	0.62
	0.64
	0.61
	0.6
	0.59
	0.57
	0.58
	0.56
	0.6
	0.63
	0.62
	0.6



	
	
	
	TS_MAX
	24.76
	28.21
	32.65
	36.47
	38.11
	36.74
	34.62
	34.07
	31.13
	29.61
	27.11
	24.65
	31.51



	
	
	
	TS_MIN
	3.03
	4.43
	6.72
	10.23
	13.11
	14.12
	13.49
	13.46
	12.47
	9.63
	6.29
	3.83
	9.23



	A-6
	24.0294°
	−100.2871°
	G_Model
	4.08
	4.93
	5.92
	6.32
	6.58
	6.57
	6.28
	6.12
	5.39
	4.98
	4.44
	4
	5.47



	
	
	
	G_NASA
	4.06
	4.85
	5.9
	6.24
	6.52
	6.48
	6.28
	6.01
	5.3
	4.94
	4.46
	3.93
	5.41



	
	
	
	SRF_ALB
	0.16
	0.16
	0.17
	0.17
	0.17
	0.18
	0.17
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.6
	0.62
	0.64
	0.61
	0.6
	0.59
	0.57
	0.58
	0.56
	0.6
	0.63
	0.62
	0.6



	
	
	
	TS_MAX
	24.76
	28.21
	32.65
	36.47
	38.11
	36.74
	34.62
	34.07
	31.13
	29.61
	27.11
	24.65
	31.51



	
	
	
	TS_MIN
	3.03
	4.43
	6.72
	10.23
	13.11
	14.12
	13.49
	13.46
	12.47
	9.63
	6.29
	3.83
	9.23



	A-7
	23.7586°
	−100.2871°
	G_Model
	4.1
	4.95
	6.02
	6.33
	6.68
	6.56
	6.27
	6.12
	5.3
	5
	4.47
	3.96
	5.48



	
	
	
	G_NASA
	4.15
	4.98
	6.03
	6.3
	6.57
	6.51
	6.26
	6.07
	5.3
	5
	4.58
	4.01
	5.48



	
	
	
	SRF_ALB
	0.17
	0.17
	0.17
	0.17
	0.17
	0.18
	0.18
	0.18
	0.18
	0.16
	0.16
	0.17
	0.17



	
	
	
	KT
	0.6
	0.62
	0.65
	0.61
	0.61
	0.59
	0.57
	0.58
	0.55
	0.6
	0.63
	0.61
	0.6



	
	
	
	TS_MAX
	25.08
	28.54
	33.01
	36.74
	38.19
	36.43
	33.61
	33.3
	30.68
	29.35
	27.17
	24.91
	31.42



	
	
	
	TS_MIN
	3.32
	4.66
	6.89
	10.16
	13.04
	14.1
	13.25
	13.24
	12.34
	9.61
	6.48
	4.11
	9.27



	A-8
	23.4877°
	−100.2871°
	G_Model
	4.13
	4.97
	6.04
	6.33
	6.68
	6.55
	6.27
	6.12
	5.31
	5.02
	4.49
	3.99
	5.49



	
	
	
	G_NASA
	4.15
	4.98
	6.03
	6.3
	6.57
	6.51
	6.26
	6.07
	5.3
	5
	4.58
	4.01
	5.48



	
	
	
	SRF_ALB
	0.17
	0.17
	0.17
	0.17
	0.17
	0.18
	0.18
	0.18
	0.18
	0.16
	0.16
	0.17
	0.17



	
	
	
	KT
	0.6
	0.62
	0.65
	0.61
	0.61
	0.59
	0.57
	0.58
	0.55
	0.6
	0.63
	0.61
	0.6



	
	
	
	TS_MAX
	25.97
	29.48
	33.99
	37.58
	38.5
	36.09
	32.61
	32.65
	30.51
	29.45
	27.64
	25.65
	31.68



	
	
	
	TS_MIN
	4.54
	5.84
	8.13
	11.26
	14.05
	15.11
	14.17
	14.18
	13.34
	10.63
	7.58
	5.28
	10.34



	A-9
	23.2168°
	−100.2871°
	G_Model
	4.15
	4.99
	6.05
	6.33
	6.67
	6.55
	6.26
	6.12
	5.32
	5.04
	4.52
	4.01
	5.5



	
	
	
	G_NASA
	4.15
	4.98
	6.03
	6.3
	6.57
	6.51
	6.26
	6.07
	5.3
	5
	4.58
	4.01
	5.48



	
	
	
	SRF_ALB
	0.17
	0.17
	0.17
	0.17
	0.17
	0.18
	0.18
	0.18
	0.18
	0.16
	0.16
	0.17
	0.17



	
	
	
	KT
	0.6
	0.62
	0.65
	0.61
	0.61
	0.59
	0.57
	0.58
	0.55
	0.6
	0.63
	0.61
	0.6



	
	
	
	TS_MAX
	25.97
	29.48
	33.99
	37.58
	38.5
	36.09
	32.61
	32.65
	30.51
	29.45
	27.64
	25.65
	31.68



	
	
	
	TS_MIN
	4.54
	5.84
	8.13
	11.26
	14.05
	15.11
	14.17
	14.18
	13.34
	10.63
	7.58
	5.28
	10.34



	Z0
	25.6544°
	−100.5859°
	G_Model
	3.79
	4.64
	5.64
	5.98
	6.27
	6.28
	6.09
	5.9
	5.04
	4.62
	4.15
	3.59
	5.17



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	25.32
	28.96
	33.57
	37.91
	40.24
	39.88
	38.3
	37.82
	34.1
	31.91
	28.42
	25.21
	33.47



	
	
	
	TS_MIN
	3.71
	5.44
	8.19
	12.44
	15.93
	17.35
	17.02
	17.05
	15.33
	11.71
	7.55
	4.55
	11.36



	B0
	25.6544°
	−99.98822°
	G_Model
	3.4
	4.18
	5.19
	5.57
	5.94
	6.39
	6.42
	6.22
	5.14
	4.38
	3.74
	3.22
	4.98



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.67
	29.68
	34.81
	39.12
	41.46
	41.65
	40.51
	40.4
	36.15
	33.45
	29.34
	25.5
	34.81



	
	
	
	TS_MIN
	6.73
	8.81
	12.12
	16.32
	20.1
	21.91
	21.66
	21.94
	20.03
	16.01
	11.21
	7.39
	15.35



	C0
	25.6544°
	−99.68944°
	G_Model
	3.4
	4.18
	5.19
	5.57
	5.94
	6.39
	6.42
	6.22
	5.14
	4.38
	3.74
	3.22
	4.98



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.67
	29.68
	34.81
	39.12
	41.46
	41.65
	40.51
	40.4
	36.15
	33.45
	29.34
	25.5
	34.81



	
	
	
	TS_MIN
	6.73
	8.81
	12.12
	16.32
	20.1
	21.91
	21.66
	21.94
	20.03
	16.01
	11.21
	7.39
	15.35
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Table A3. Monthly parameter measurements for each point on the state-wide grid.
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	Location
	LAT
	LON
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	D0
	25.6544°
	−99.39066°
	G_Model
	3.4
	4.18
	5.19
	5.57
	5.94
	6.39
	6.42
	6.22
	5.14
	4.38
	3.74
	3.22
	4.98



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.06
	30.3
	35.5
	39.76
	42.12
	42.62
	41.49
	41.7
	37.52
	34.79
	30.22
	25.91
	35.67



	
	
	
	TS_MIN
	8.2
	10.39
	13.87
	17.96
	21.66
	23.57
	23.44
	23.79
	21.77
	17.76
	12.95
	8.84
	17.02



	E0
	25.6544°
	−99.09189°
	G_Model
	3.4
	4.18
	5.19
	5.57
	5.94
	6.39
	6.42
	6.22
	5.14
	4.38
	3.74
	3.22
	4.98



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.06
	30.3
	35.5
	39.76
	42.12
	42.62
	41.49
	41.7
	37.52
	34.79
	30.22
	25.91
	35.67



	
	
	
	TS_MIN
	8.2
	10.39
	13.87
	17.96
	21.66
	23.57
	23.44
	23.79
	21.77
	17.76
	12.95
	8.84
	17.02



	F0
	25.6544°
	−98.79311°
	G_Model
	3.21
	3.94
	5.01
	5.67
	6.16
	6.62
	6.64
	6.22
	5.23
	4.54
	3.68
	3.1
	5



	
	
	
	G_NASA
	3.22
	3.95
	5.01
	5.57
	6.1
	6.57
	6.65
	6.15
	5.24
	4.62
	3.74
	3.15
	5



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.15
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.49
	0.51
	0.55
	0.55
	0.56
	0.59
	0.6
	0.59
	0.55
	0.56
	0.54
	0.5
	0.55



	
	
	
	TS_MAX
	26.09
	30.34
	35.32
	39.38
	41.56
	42.26
	40.9
	41.47
	37.25
	34.57
	30.09
	25.98
	35.44



	
	
	
	TS_MIN
	8.88
	11.04
	14.38
	18.26
	21.72
	23.66
	23.67
	24
	21.98
	18.08
	13.51
	9.53
	17.39



	Z1
	25.9252°
	−100.5859°
	G_Model
	3.77
	4.62
	5.63
	5.98
	6.27
	6.29
	6.09
	5.9
	5.03
	4.61
	4.13
	3.56
	5.16



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	25.32
	28.96
	33.57
	37.91
	40.24
	39.88
	38.3
	37.82
	34.1
	31.91
	28.42
	25.21
	33.47



	
	
	
	TS_MIN
	3.71
	5.44
	8.19
	12.44
	15.93
	17.35
	17.02
	17.05
	15.33
	11.71
	7.55
	4.55
	11.36



	Z2
	26.196°
	−100.5859°
	G_Model
	3.49
	4.29
	5.34
	5.77
	6.17
	6.41
	6.21
	5.9
	5.02
	4.43
	3.83
	3.36
	5.02



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	25.24
	29.33
	34.48
	39.22
	41.93
	42.01
	40.54
	40.17
	36.25
	33.58
	29.06
	25.13
	34.74



	
	
	
	TS_MIN
	4.63
	6.62
	9.8
	14.29
	18.27
	20.17
	19.95
	20.05
	18.05
	13.89
	8.99
	5.39
	13.34



	Z3
	26.4668°
	−100.5859°
	G_Model
	3.46
	4.27
	5.33
	5.76
	6.17
	6.41
	6.22
	5.9
	5.01
	4.41
	3.81
	3.33
	5.01



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	25.24
	29.33
	34.48
	39.22
	41.93
	42.01
	40.54
	40.17
	36.25
	33.58
	29.06
	25.13
	34.74



	
	
	
	TS_MIN
	4.63
	6.62
	9.8
	14.29
	18.27
	20.17
	19.95
	20.05
	18.05
	13.89
	8.99
	5.39
	13.34



	Z4
	26.7375°
	−100.5859°
	G_Model
	3.44
	4.25
	5.31
	5.76
	6.17
	6.42
	6.22
	5.89
	5
	4.39
	3.79
	3.31
	5



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	24.85
	29.18
	34.8
	39.68
	42.43
	43.02
	41.78
	41.55
	37.45
	34.46
	29.22
	24.63
	35.25



	
	
	
	TS_MIN
	4.6
	6.72
	10.19
	14.73
	19
	21.34
	21.29
	21.49
	19.2
	14.68
	9.33
	5.3
	13.99



	Z5
	27.0083°
	−100.5859°
	G_Model
	3.35
	4.15
	5.21
	5.75
	6.17
	6.43
	6.45
	6.1
	5.18
	4.37
	3.76
	3.16
	5.01



	
	
	
	G_NASA
	3.35
	4.05
	5.18
	5.65
	6.09
	6.32
	6.43
	5.93
	5.07
	4.34
	3.67
	3.14
	4.93



	
	
	
	SRF_ALB
	0.16
	0.16
	0.16
	0.16
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.53
	0.55
	0.58
	0.56
	0.56
	0.57
	0.58
	0.58
	0.55
	0.55
	0.57
	0.53
	0.56



	
	
	
	TS_MAX
	24.98
	29.5
	35.31
	40.05
	42.66
	43.84
	42.81
	42.79
	38.63
	35.27
	29.63
	24.66
	35.84



	
	
	
	TS_MIN
	5.26
	7.54
	11.29
	15.86
	20.27
	22.98
	23.05
	23.36
	20.71
	15.94
	10.3
	5.93
	15.21



	Z6
	27.279°
	−100.5859°
	G_Model
	3.33
	4.13
	5.19
	5.75
	6.18
	6.43
	6.45
	6.1
	5.17
	4.35
	3.74
	3.14
	5



	
	
	
	G_NASA
	3.35
	4.05
	5.18
	5.65
	6.09
	6.32
	6.43
	5.93
	5.07
	4.34
	3.67
	3.14
	4.93



	
	
	
	SRF_ALB
	0.16
	0.16
	0.16
	0.16
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.53
	0.55
	0.58
	0.56
	0.56
	0.57
	0.58
	0.58
	0.55
	0.55
	0.57
	0.53
	0.56



	
	
	
	TS_MAX
	24.98
	29.5
	35.31
	40.05
	42.66
	43.84
	42.81
	42.79
	38.63
	35.27
	29.63
	24.66
	35.84



	
	
	
	TS_MIN
	5.26
	7.54
	11.29
	15.86
	20.27
	22.98
	23.05
	23.36
	20.71
	15.94
	10.3
	5.93
	15.21



	Z-2
	25.1128°
	−100.5859°
	G_Model
	3.84
	4.68
	5.67
	5.99
	6.26
	6.27
	6.08
	5.9
	5.06
	4.66
	4.2
	3.64
	5.19



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	24.02
	27.3
	31.61
	35.65
	37.73
	37.05
	35.29
	34.76
	31.69
	29.89
	26.89
	23.94
	31.32



	
	
	
	TS_MIN
	1.83
	3.25
	5.58
	9.52
	12.67
	13.9
	13.54
	13.46
	12.18
	9.04
	5.37
	2.74
	8.59



	Z-3
	24.842°
	−100.5859°
	G_Model
	4
	4.86
	5.87
	6.31
	6.59
	6.59
	6.3
	6.12
	5.36
	4.92
	4.36
	3.92
	5.43



	
	
	
	G_NASA
	4.06
	4.85
	5.9
	6.24
	6.52
	6.48
	6.28
	6.01
	5.3
	4.94
	4.46
	3.93
	5.41



	
	
	
	SRF_ALB
	0.16
	0.16
	0.17
	0.17
	0.17
	0.18
	0.17
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.6
	0.62
	0.64
	0.61
	0.6
	0.59
	0.57
	0.58
	0.56
	0.6
	0.63
	0.62
	0.6



	
	
	
	TS_MAX
	24.01
	27.37
	31.77
	35.78
	38.06
	37.05
	34.87
	34.3
	31.79
	30.13
	27.03
	24.01
	31.35



	
	
	
	TS_MIN
	1.55
	2.83
	5.03
	8.84
	12
	13.32
	12.83
	12.73
	11.71
	8.74
	5.11
	2.49
	8.1



	Z-4
	24.5711°
	−100.5859
	G_Model
	4.03
	4.88
	5.89
	6.31
	6.58
	6.59
	6.29
	6.12
	5.37
	4.94
	4.39
	3.94
	5.44



	
	
	
	G_NASA
	4.06
	4.85
	5.9
	6.24
	6.52
	6.48
	6.28
	6.01
	5.3
	4.94
	4.46
	3.93
	5.41



	
	
	
	SRF_ALB
	0.16
	0.16
	0.17
	0.17
	0.17
	0.18
	0.17
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.6
	0.62
	0.64
	0.61
	0.6
	0.59
	0.57
	0.58
	0.56
	0.6
	0.63
	0.62
	0.6



	
	
	
	TS_MAX
	24.01
	27.37
	31.77
	35.78
	38.06
	37.05
	34.87
	34.3
	31.79
	30.13
	27.03
	24.01
	31.35



	
	
	
	TS_MIN
	1.55
	2.83
	5.03
	8.84
	12
	13.32
	12.83
	12.73
	11.71
	8.74
	5.11
	2.49
	8.1










[image: Table] 





Table A4. Monthly parameter measurements for each point on the state-wide grid.
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	Location
	LAT
	LON
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	Z-5
	   24 .  3003 °    
	   − 100 .  5859 °    
	G_Model
	4.05
	4.9
	5.9
	6.32
	6.58
	6.58
	6.28
	6.12
	5.38
	4.96
	4.42
	3.97
	5.46



	
	
	
	G_NASA
	4.06
	4.85
	5.9
	6.24
	6.52
	6.48
	6.28
	6.01
	5.3
	4.94
	4.46
	3.93
	5.41



	
	
	
	SRF_ALB
	0.16
	0.16
	0.17
	0.17
	0.17
	0.18
	0.17
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.6
	0.62
	0.64
	0.61
	0.6
	0.59
	0.57
	0.58
	0.56
	0.6
	0.63
	0.62
	0.6



	
	
	
	TS_MAX
	25.06
	28.53
	33.1
	37.2
	39.57
	38.26
	35.63
	35.04
	32.73
	31.12
	28.02
	25.07
	32.44



	
	
	
	TS_MIN
	2.34
	3.65
	5.81
	9.49
	12.66
	14
	13.3
	13.24
	12.29
	9.39
	5.86
	3.26
	8.77



	Y2
	   26 .  196 °    
	   − 100 .  8847 °    
	G_Model
	3.49
	4.29
	5.34
	5.77
	6.17
	6.41
	6.21
	5.9
	5.02
	4.43
	3.83
	3.36
	5.02



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	25.24
	29.33
	34.48
	39.22
	41.93
	42.01
	40.54
	40.17
	36.25
	33.58
	29.06
	25.13
	34.74



	
	
	
	TS_MIN
	4.63
	6.62
	9.8
	14.29
	18.27
	20.17
	19.95
	20.05
	18.05
	13.89
	8.99
	5.39
	13.34



	Y3
	   26 .  4668 °    
	   − 100 .  8847 °    
	G_Model
	3.46
	4.27
	5.33
	5.76
	6.17
	6.41
	6.22
	5.9
	5.01
	4.41
	3.81
	3.33
	5.01



	
	
	
	G_NASA
	3.44
	4.21
	5.29
	5.65
	6.11
	6.17
	6.15
	5.71
	4.93
	4.38
	3.79
	3.28
	4.93



	
	
	
	SRF_ALB
	0.15
	0.15
	0.16
	0.15
	0.16
	0.17
	0.16
	0.17
	0.17
	0.14
	0.14
	0.15
	0.16



	
	
	
	KT
	0.54
	0.56
	0.59
	0.56
	0.56
	0.57
	0.56
	0.56
	0.53
	0.55
	0.57
	0.55
	0.56



	
	
	
	TS_MAX
	25.24
	29.33
	34.48
	39.22
	41.93
	42.01
	40.54
	40.17
	36.25
	33.58
	29.06
	25.13
	34.74



	
	
	
	TS_MIN
	4.63
	6.62
	9.8
	14.29
	18.27
	20.17
	19.95
	20.05
	18.05
	13.89
	8.99
	5.39
	13.34



	X3
	   26 .  4668 °    
	   − 101 .  1848 °    
	G_Model
	3.72
	4.57
	5.6
	6.07
	6.5
	6.41
	6.1
	5.9
	5.11
	4.65
	4.08
	3.51
	5.19



	
	
	
	G_NASA
	3.72
	4.51
	5.58
	5.96
	6.39
	6.3
	6.08
	5.69
	5.06
	4.61
	4.05
	3.5
	5.12



	
	
	
	SRF_ALB
	0.16
	0.16
	0.16
	0.16
	0.16
	0.17
	0.16
	0.17
	0.17
	0.15
	0.15
	0.16
	0.16



	
	
	
	KT
	0.58
	0.6
	0.62
	0.59
	0.59
	0.57
	0.55
	0.56
	0.54
	0.58
	0.61
	0.58
	0.58



	
	
	
	TS_MAX
	25.01
	29.09
	34.21
	38.95
	41.86
	41.73
	39.84
	39.3
	35.7
	33.17
	28.67
	24.93
	34.37



	
	
	
	TS_MIN
	3.34
	5.19
	8.17
	12.7
	16.57
	18.46
	18.19
	18.19
	16.27
	12.15
	7.43
	4.17
	11.74



	B1
	   25 .  9252 °    
	   − 99 .  98822 °    
	G_Model
	3.38
	4.16
	5.18
	5.57
	5.94
	6.4
	6.43
	6.22
	5.13
	4.36
	3.72
	3.2
	4.97



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.67
	29.68
	34.81
	39.12
	41.46
	41.65
	40.51
	40.4
	36.15
	33.45
	29.34
	25.5
	34.81



	
	
	
	TS_MIN
	6.73
	8.81
	12.12
	16.32
	20.1
	21.91
	21.66
	21.94
	20.03
	16.01
	11.21
	7.39
	15.35



	B2
	   26 .  196 °    
	   − 99 .  98822 °    
	G_Model
	3.29
	3.98
	5.07
	5.66
	6.06
	6.52
	6.43
	6.21
	5.12
	4.43
	3.7
	3.11
	4.97



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	25.12
	29.34
	34.75
	39.34
	41.91
	42.5
	41.41
	41.47
	37.01
	34.14
	29.35
	24.98
	35.11



	
	
	
	TS_MIN
	6.89
	9.1
	12.63
	16.88
	20.87
	22.97
	22.84
	23.17
	20.99
	16.79
	11.71
	7.59
	16.04



	B3
	   26 .  4668 °    
	   − 99 .  98822 °    
	G_Model
	3.27
	3.97
	5.06
	5.66
	6.06
	6.52
	6.44
	6.21
	5.11
	4.41
	3.68
	3.09
	4.96



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	25.12
	29.34
	34.75
	39.34
	41.91
	42.5
	41.41
	41.47
	37.01
	34.14
	29.35
	24.98
	35.11



	
	
	
	TS_MIN
	6.89
	9.1
	12.63
	16.88
	20.87
	22.97
	22.84
	23.17
	20.99
	16.79
	11.71
	7.59
	16.04



	B4
	   26 .  7375 °    
	   − 99 .  98822 °    
	G_Model
	3.25
	3.95
	5.04
	5.65
	6.06
	6.53
	6.44
	6.21
	5.1
	4.39
	3.65
	3.07
	4.95



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	24.74
	29.04
	34.6
	39.28
	41.91
	43.01
	42.09
	42.34
	37.83
	34.69
	29.4
	24.63
	35.3



	
	
	
	TS_MIN
	6.86
	9.14
	12.87
	17.19
	21.32
	23.7
	23.7
	24.09
	21.64
	17.24
	11.96
	7.61
	16.44



	B5
	   27 .  0083 °    
	   − 99 .  98822 °    
	G_Model
	3.17
	3.93
	5.03
	5.65
	6.17
	6.65
	6.67
	6.21
	5.27
	4.45
	3.57
	3.04
	4.98



	
	
	
	G_NASA
	3.15
	3.86
	4.97
	5.61
	6.07
	6.62
	6.75
	6.17
	5.24
	4.41
	3.51
	2.99
	4.95



	
	
	
	SRF_ALB
	0.16
	0.15
	0.16
	0.16
	0.16
	0.18
	0.18
	0.19
	0.18
	0.16
	0.14
	0.15
	0.16



	
	
	
	KT
	0.5
	0.52
	0.56
	0.55
	0.56
	0.59
	0.6
	0.59
	0.56
	0.56
	0.54
	0.51
	0.55



	
	
	
	TS_MAX
	24.22
	28.63
	34.18
	38.89
	41.54
	43.17
	42.56
	42.98
	38.44
	34.93
	29.23
	24.18
	35.25



	
	
	
	TS_MIN
	6.49
	8.85
	12.68
	17.05
	21.3
	23.93
	24.09
	24.52
	21.82
	17.26
	11.82
	7.31
	16.43



	B6
	   27 .  279 °    
	   − 99 .  98822 °    
	G_Model
	3.14
	3.91
	5.01
	5.64
	6.18
	6.66
	6.67
	6.21
	5.26
	4.43
	3.54
	3.02
	4.97



	
	
	
	G_NASA
	3.15
	3.86
	4.97
	5.61
	6.07
	6.62
	6.75
	6.17
	5.24
	4.41
	3.51
	2.99
	4.95



	
	
	
	SRF_ALB
	0.16
	0.15
	0.16
	0.16
	0.16
	0.18
	0.18
	0.19
	0.18
	0.16
	0.14
	0.15
	0.16



	
	
	
	KT
	0.5
	0.52
	0.56
	0.55
	0.56
	0.59
	0.6
	0.59
	0.56
	0.56
	0.54
	0.51
	0.55



	
	
	
	TS_MAX
	24.22
	28.63
	34.18
	38.89
	41.54
	43.17
	42.56
	42.98
	38.44
	34.93
	29.23
	24.18
	35.25



	
	
	
	TS_MIN
	6.49
	8.85
	12.68
	17.05
	21.3
	23.93
	24.09
	24.52
	21.82
	17.26
	11.82
	7.31
	16.43



	B7
	   27 .  5498 °    
	   − 99 .  98822 °    
	G_Model
	3.12
	3.89
	5
	5.64
	6.18
	6.66
	6.68
	6.2
	5.25
	4.41
	3.52
	3
	4.96



	
	
	
	G_NASA
	3.15
	3.86
	4.97
	5.61
	6.07
	6.62
	6.75
	6.17
	5.24
	4.41
	3.51
	2.99
	4.95



	
	
	
	SRF_ALB
	0.16
	0.15
	0.16
	0.16
	0.16
	0.18
	0.18
	0.19
	0.18
	0.16
	0.14
	0.15
	0.16



	
	
	
	KT
	0.5
	0.52
	0.56
	0.55
	0.56
	0.59
	0.6
	0.59
	0.56
	0.56
	0.54
	0.51
	0.55



	
	
	
	TS_MAX
	23.64
	28.06
	33.55
	38.33
	41.01
	43.07
	42.82
	43.47
	38.88
	34.88
	28.85
	23.68
	35.02



	
	
	
	TS_MIN
	5.81
	8.19
	12.06
	16.48
	20.84
	23.69
	24.04
	24.54
	21.59
	16.82
	11.27
	6.7
	16



	B-1
	   25 .  3836 °    
	   − 99 .  98822 °    
	G_Model
	3.42
	4.2
	5.2
	5.58
	5.94
	6.38
	6.42
	6.22
	5.15
	4.4
	3.77
	3.24
	4.99



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.58
	29.27
	34.03
	37.9
	39.77
	39.47
	38.3
	38.08
	34.15
	31.71
	28.54
	25.41
	33.52



	
	
	
	TS_MIN
	6.34
	8.18
	11.22
	15.26
	18.68
	20.06
	19.72
	19.93
	18.29
	14.63
	10.36
	6.98
	14.14
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Table A5. Monthly parameter measurements for each point on the state-wide grid.
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	Location
	LAT
	LON
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	B-2
	   25 .  1128 °    
	   − 99 .  98822 °    
	G_Model
	3.45
	4.21
	5.22
	5.58
	5.93
	6.38
	6.41
	6.22
	5.16
	4.42
	3.79
	3.26
	5



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.58
	29.27
	34.03
	37.9
	39.77
	39.47
	38.3
	38.08
	34.15
	31.71
	28.54
	25.41
	33.52



	
	
	
	TS_MIN
	6.34
	8.18
	11.22
	15.26
	18.68
	20.06
	19.72
	19.93
	18.29
	14.63
	10.36
	6.98
	14.14



	B-3
	   24 .  842 °    
	   − 99 .  98822 °    
	G_Model
	3.74
	4.47
	5.51
	5.79
	6.04
	6.26
	6.18
	6.01
	5.07
	4.6
	4.09
	3.54
	5.11



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.29
	28.82
	33.29
	36.96
	38.29
	37.43
	36.03
	35.8
	32.07
	30.09
	27.62
	25.09
	32.23



	
	
	
	TS_MIN
	5.72
	7.38
	10.16
	13.95
	16.92
	17.92
	17.48
	17.6
	16.22
	13
	9.26
	6.38
	12.66



	B-4
	   24 .  5711 °    
	   − 99 .  98822 °    
	G_Model
	3.76
	4.49
	5.52
	5.8
	6.04
	6.25
	6.18
	6.01
	5.08
	4.61
	4.11
	3.56
	5.12



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.29
	28.82
	33.29
	36.96
	38.29
	37.43
	36.03
	35.8
	32.07
	30.09
	27.62
	25.09
	32.23



	
	
	
	TS_MIN
	5.72
	7.38
	10.16
	13.95
	16.92
	17.92
	17.48
	17.6
	16.22
	13
	9.26
	6.38
	12.66



	B-5
	   24 .  3003 °    
	   − 99 .  98822 °    
	G_Model
	3.78
	4.51
	5.53
	5.8
	6.03
	6.24
	6.17
	6.01
	5.09
	4.63
	4.14
	3.59
	5.13



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.64
	29.21
	33.62
	37.29
	38.35
	36.98
	35.14
	34.85
	31.3
	29.7
	27.57
	25.4
	32.09



	
	
	
	TS_MIN
	4.98
	6.55
	9.12
	12.63
	15.35
	16.2
	15.62
	15.72
	14.6
	11.59
	8.19
	5.68
	11.35



	B-6
	   24 .  0294 °    
	   − 99 .  98822 °    
	G_Model
	3.81
	4.53
	5.55
	5.8
	6.03
	6.24
	6.17
	6.01
	5.1
	4.65
	4.16
	3.61
	5.14



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.64
	29.21
	33.62
	37.29
	38.35
	36.98
	35.14
	34.85
	31.3
	29.7
	27.57
	25.4
	32.09



	
	
	
	TS_MIN
	4.98
	6.55
	9.12
	12.63
	15.35
	16.2
	15.62
	15.72
	14.6
	11.59
	8.19
	5.68
	11.35



	B-7
	   23 .  7586 °    
	   − 99 .  98822 °    
	G_Model
	3.97
	4.71
	5.75
	6.01
	6.25
	6.23
	6.05
	6.02
	5.11
	4.83
	4.32
	3.83
	5.26



	
	
	
	G_NASA
	4.02
	4.78
	5.82
	6.03
	6.31
	6.17
	6.11
	5.92
	5.15
	4.82
	4.41
	3.85
	5.28



	
	
	
	SRF_ALB
	0.14
	0.13
	0.14
	0.13
	0.14
	0.16
	0.14
	0.15
	0.15
	0.12
	0.12
	0.14
	0.14



	
	
	
	KT
	0.58
	0.59
	0.62
	0.58
	0.57
	0.56
	0.55
	0.57
	0.53
	0.58
	0.61
	0.59
	0.58



	
	
	
	TS_MAX
	25.56
	29.06
	33.39
	36.89
	37.75
	35.87
	33.34
	33.24
	30.16
	28.85
	27.13
	25.25
	31.37



	
	
	
	TS_MIN
	4.77
	6.22
	8.64
	11.84
	14.49
	15.39
	14.62
	14.7
	13.75
	10.9
	7.78
	5.47
	10.71



	B-8
	   23 .  4877 °    
	   − 99 .  98822 °    
	G_Model
	3.99
	4.73
	5.76
	6.02
	6.24
	6.22
	6.05
	6.02
	5.12
	4.85
	4.35
	3.86
	5.27



	
	
	
	G_NASA
	4.02
	4.78
	5.82
	6.03
	6.31
	6.17
	6.11
	5.92
	5.15
	4.82
	4.41
	3.85
	5.28



	
	
	
	SRF_ALB
	0.14
	0.13
	0.14
	0.13
	0.14
	0.16
	0.14
	0.15
	0.15
	0.12
	0.12
	0.14
	0.14



	
	
	
	KT
	0.58
	0.59
	0.62
	0.58
	0.57
	0.56
	0.55
	0.57
	0.53
	0.58
	0.61
	0.59
	0.58



	
	
	
	TS_MAX
	26.22
	29.72
	34.08
	37.46
	37.94
	35.44
	32.14
	32.36
	29.95
	28.87
	27.46
	25.76
	31.45



	
	
	
	TS_MIN
	5.89
	7.26
	9.71
	12.77
	15.4
	16.36
	15.49
	15.53
	14.67
	11.86
	8.79
	6.53
	11.69



	C1
	   25 .  9252 °    
	   − 99 .  68944 °    
	G_Model
	3.38
	4.16
	5.18
	5.57
	5.94
	6.4
	6.43
	6.22
	5.13
	4.36
	3.72
	3.2
	4.97



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.67
	29.68
	34.81
	39.12
	41.46
	41.65
	40.51
	40.4
	36.15
	33.45
	29.34
	25.5
	34.81



	
	
	
	TS_MIN
	6.73
	8.81
	12.12
	16.32
	20.1
	21.91
	21.66
	21.94
	20.03
	16.01
	11.21
	7.39
	15.35



	C2
	   26 .  196 °    
	   − 99 .  68944 °    
	G_Model
	3.29
	3.98
	5.07
	5.66
	6.06
	6.52
	6.43
	6.21
	5.12
	4.43
	3.7
	3.11
	4.97



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	25.12
	29.34
	34.75
	39.34
	41.91
	42.5
	41.41
	41.47
	37.01
	34.14
	29.35
	24.98
	35.11



	
	
	
	TS_MIN
	6.89
	9.1
	12.63
	16.88
	20.87
	22.97
	22.84
	23.17
	20.99
	16.79
	11.71
	7.59
	16.04



	C3
	   26 .  4668 °    
	   − 99 .  68944 °    
	G_Model
	3.27
	3.97
	5.06
	5.66
	6.06
	6.52
	6.44
	6.21
	5.11
	4.41
	3.68
	3.09
	4.96



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	25.12
	29.34
	34.75
	39.34
	41.91
	42.5
	41.41
	41.47
	37.01
	34.14
	29.35
	24.98
	35.11



	
	
	
	TS_MIN
	6.89
	9.1
	12.63
	16.88
	20.87
	22.97
	22.84
	23.17
	20.99
	16.79
	11.71
	7.59
	16.04



	C4
	   26 .  7375 °    
	   − 99 .  68944 °    
	G_Model
	3.25
	3.95
	5.04
	5.65
	6.06
	6.53
	6.44
	6.21
	5.1
	4.39
	3.65
	3.07
	4.95



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	24.74
	29.04
	34.6
	39.28
	41.91
	43.01
	42.09
	42.34
	37.83
	34.69
	29.4
	24.63
	35.3



	
	
	
	TS_MIN
	6.86
	9.14
	12.87
	17.19
	21.32
	23.7
	23.7
	24.09
	21.64
	17.24
	11.96
	7.61
	16.44



	C5
	   27 .  0083 °    
	   − 99 .  68944 °    
	G_Model
	3.17
	3.93
	5.03
	5.65
	6.17
	6.65
	6.67
	6.21
	5.27
	4.45
	3.57
	3.04
	4.98



	
	
	
	G_NASA
	3.15
	3.86
	4.97
	5.61
	6.07
	6.62
	6.75
	6.17
	5.24
	4.41
	3.51
	2.99
	4.95



	
	
	
	SRF_ALB
	0.16
	0.15
	0.16
	0.16
	0.16
	0.18
	0.18
	0.19
	0.18
	0.16
	0.14
	0.15
	0.16



	
	
	
	KT
	0.5
	0.52
	0.56
	0.55
	0.56
	0.59
	0.6
	0.59
	0.56
	0.56
	0.54
	0.51
	0.55



	
	
	
	TS_MAX
	24.22
	28.63
	34.18
	38.89
	41.54
	43.17
	42.56
	42.98
	38.44
	34.93
	29.23
	24.18
	35.25



	
	
	
	TS_MIN
	6.49
	8.85
	12.68
	17.05
	21.3
	23.93
	24.09
	24.52
	21.82
	17.26
	11.82
	7.31
	16.43
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Table A6. Monthly parameter measurements for each point on the state-wide grid.
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	Location
	LAT
	LON
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	C6
	   27 .  279 °    
	   − 99 .  68944 °    
	G_Model
	3.14
	3.91
	5.01
	5.64
	6.18
	6.66
	6.67
	6.21
	5.26
	4.43
	3.54
	3.02
	4.97



	
	
	
	G_NASA
	3.15
	3.86
	4.97
	5.61
	6.07
	6.62
	6.75
	6.17
	5.24
	4.41
	3.51
	2.99
	4.95



	
	
	
	SRF_ALB
	0.16
	0.15
	0.16
	0.16
	0.16
	0.18
	0.18
	0.19
	0.18
	0.16
	0.14
	0.15
	0.16



	
	
	
	KT
	0.5
	0.52
	0.56
	0.55
	0.56
	0.59
	0.6
	0.59
	0.56
	0.56
	0.54
	0.51
	0.55



	
	
	
	TS_MAX
	24.22
	28.63
	34.18
	38.89
	41.54
	43.17
	42.56
	42.98
	38.44
	34.93
	29.23
	24.18
	35.25



	
	
	
	TS_MIN
	6.49
	8.85
	12.68
	17.05
	21.3
	23.93
	24.09
	24.52
	21.82
	17.26
	11.82
	7.31
	16.43



	C7
	   27 .  5498 °    
	   − 99 .  68944 °    
	G_Model
	3.12
	3.89
	5
	5.64
	6.18
	6.66
	6.68
	6.2
	5.25
	4.41
	3.52
	3
	4.96



	
	
	
	G_NASA
	3.15
	3.86
	4.97
	5.61
	6.07
	6.62
	6.75
	6.17
	5.24
	4.41
	3.51
	2.99
	4.95



	
	
	
	SRF_ALB
	0.16
	0.15
	0.16
	0.16
	0.16
	0.18
	0.18
	0.19
	0.18
	0.16
	0.14
	0.15
	0.16



	
	
	
	KT
	0.5
	0.52
	0.56
	0.55
	0.56
	0.59
	0.6
	0.59
	0.56
	0.56
	0.54
	0.51
	0.55



	
	
	
	TS_MAX
	23.64
	28.06
	33.55
	38.33
	41.01
	43.07
	42.82
	43.47
	38.88
	34.88
	28.85
	23.68
	35.02



	
	
	
	TS_MIN
	5.81
	8.19
	12.06
	16.48
	20.84
	23.69
	24.04
	24.54
	21.59
	16.82
	11.27
	6.7
	16



	C8
	   27 .  8205 °    
	   − 99 .  68944 °    
	G_Model
	3.1
	3.87
	4.99
	5.63
	6.18
	6.67
	6.68
	6.2
	5.24
	4.4
	3.5
	2.98
	4.95



	
	
	
	G_NASA
	3.15
	3.86
	4.97
	5.61
	6.07
	6.62
	6.75
	6.17
	5.24
	4.41
	3.51
	2.99
	4.95



	
	
	
	SRF_ALB
	0.16
	0.15
	0.16
	0.16
	0.16
	0.18
	0.18
	0.19
	0.18
	0.16
	0.14
	0.15
	0.16



	
	
	
	KT
	0.5
	0.52
	0.56
	0.55
	0.56
	0.59
	0.6
	0.59
	0.56
	0.56
	0.54
	0.51
	0.55



	
	
	
	TS_MAX
	23.64
	28.06
	33.55
	38.33
	41.01
	43.07
	42.82
	43.47
	38.88
	34.88
	28.85
	23.68
	35.02



	
	
	
	TS_MIN
	5.81
	8.19
	12.06
	16.48
	20.84
	23.69
	24.04
	24.54
	21.59
	16.82
	11.27
	6.7
	16



	C-1
	   25 .  3836 °    
	   − 99 .  68944 °    
	G_Model
	3.42
	4.2
	5.2
	5.58
	5.94
	6.38
	6.42
	6.22
	5.15
	4.4
	3.77
	3.24
	4.99



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.58
	29.27
	34.03
	37.9
	39.77
	39.47
	38.3
	38.08
	34.15
	31.71
	28.54
	25.41
	33.52



	
	
	
	TS_MIN
	6.34
	8.18
	11.22
	15.26
	18.68
	20.06
	19.72
	19.93
	18.29
	14.63
	10.36
	6.98
	14.14



	C-2
	   25 .  1128 °    
	   − 99 .  68944 °    
	G_Model
	3.45
	4.21
	5.22
	5.58
	5.93
	6.38
	6.41
	6.22
	5.16
	4.42
	3.79
	3.26
	5



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	25.58
	29.27
	34.03
	37.9
	39.77
	39.47
	38.3
	38.08
	34.15
	31.71
	28.54
	25.41
	33.52



	
	
	
	TS_MIN
	6.34
	8.18
	11.22
	15.26
	18.68
	20.06
	19.72
	19.93
	18.29
	14.63
	10.36
	6.98
	14.14



	C-3
	   24 .  842 °    
	   − 99 .  68944 °    
	G_Model
	3.74
	4.47
	5.51
	5.79
	6.04
	6.26
	6.18
	6.01
	5.07
	4.6
	4.09
	3.54
	5.11



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.29
	28.82
	33.29
	36.96
	38.29
	37.43
	36.03
	35.8
	32.07
	30.09
	27.62
	25.09
	32.23



	
	
	
	TS_MIN
	5.72
	7.38
	10.16
	13.95
	16.92
	17.92
	17.48
	17.6
	16.22
	13
	9.26
	6.38
	12.66



	C-4
	   24 .  5711 °    
	   − 99 .  68944 °    
	G_Model
	3.76
	4.49
	5.52
	5.8
	6.04
	6.25
	6.18
	6.01
	5.08
	4.61
	4.11
	3.56
	5.12



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.29
	28.82
	33.29
	36.96
	38.29
	37.43
	36.03
	35.8
	32.07
	30.09
	27.62
	25.09
	32.23



	
	
	
	TS_MIN
	5.72
	7.38
	10.16
	13.95
	16.92
	17.92
	17.48
	17.6
	16.22
	13
	9.26
	6.38
	12.66



	C-5
	   24 .  3003 °    
	   − 99 .  68944 °    
	G_Model
	3.78
	4.51
	5.53
	5.8
	6.03
	6.24
	6.17
	6.01
	5.09
	4.63
	4.14
	3.59
	5.13



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.64
	29.21
	33.62
	37.29
	38.35
	36.98
	35.14
	34.85
	31.3
	29.7
	27.57
	25.4
	32.09



	
	
	
	TS_MIN
	4.98
	6.55
	9.12
	12.63
	15.35
	16.2
	15.62
	15.72
	14.6
	11.59
	8.19
	5.68
	11.35



	C-6
	   24 .  0294 °    
	   − 99 .  68944 °    
	G_Model
	3.81
	4.53
	5.55
	5.8
	6.03
	6.24
	6.17
	6.01
	5.1
	4.65
	4.16
	3.61
	5.14



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	25.64
	29.21
	33.62
	37.29
	38.35
	36.98
	35.14
	34.85
	31.3
	29.7
	27.57
	25.4
	32.09



	
	
	
	TS_MIN
	4.98
	6.55
	9.12
	12.63
	15.35
	16.2
	15.62
	15.72
	14.6
	11.59
	8.19
	5.68
	11.35



	C-7
	   23 .  7586 °    
	   − 99 .  68944 °    
	G_Model
	3.97
	4.71
	5.75
	6.01
	6.25
	6.23
	6.05
	6.02
	5.11
	4.83
	4.32
	3.83
	5.26



	
	
	
	G_NASA
	4.02
	4.78
	5.82
	6.03
	6.31
	6.17
	6.11
	5.92
	5.15
	4.82
	4.41
	3.85
	5.28



	
	
	
	SRF_ALB
	0.14
	0.13
	0.14
	0.13
	0.14
	0.16
	0.14
	0.15
	0.15
	0.12
	0.12
	0.14
	0.14



	
	
	
	KT
	0.58
	0.59
	0.62
	0.58
	0.57
	0.56
	0.55
	0.57
	0.53
	0.58
	0.61
	0.59
	0.58



	
	
	
	TS_MAX
	25.56
	29.06
	33.39
	36.89
	37.75
	35.87
	33.34
	33.24
	30.16
	28.85
	27.13
	25.25
	31.37



	
	
	
	TS_MIN
	4.77
	6.22
	8.64
	11.84
	14.49
	15.39
	14.62
	14.7
	13.75
	10.9
	7.78
	5.47
	10.71



	D1
	   25 .  9252 °    
	   − 99 .  39066 °    
	G_Model
	3.38
	4.16
	5.18
	5.57
	5.94
	6.4
	6.43
	6.22
	5.13
	4.36
	3.72
	3.2
	4.97



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.06
	30.3
	35.5
	39.76
	42.12
	42.62
	41.49
	41.7
	37.52
	34.79
	30.22
	25.91
	35.67



	
	
	
	TS_MIN
	8.2
	10.39
	13.87
	17.96
	21.66
	23.57
	23.44
	23.79
	21.77
	17.76
	12.95
	8.84
	17.02



	D2
	   26 .  196 °    
	   − 99 .  39066 °    
	G_Model
	3.29
	3.98
	5.07
	5.66
	6.06
	6.52
	6.43
	6.21
	5.12
	4.43
	3.7
	3.11
	4.97



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	25.2
	29.45
	34.74
	39.2
	41.6
	42.49
	41.46
	41.84
	37.41
	34.55
	29.63
	25.09
	35.22



	
	
	
	TS_MIN
	8.06
	10.29
	13.86
	18.01
	21.79
	23.92
	23.91
	24.29
	22.05
	17.92
	12.99
	8.77
	17.16
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Table A7. Monthly parameter measurements for each point on the state-wide grid.
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	Location
	LAT
	LON
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	D3
	   26 .  4668 °    
	   − 99 .  39066 °    
	G_Model
	3.27
	3.97
	5.06
	5.66
	6.06
	6.52
	6.44
	6.21
	5.11
	4.41
	3.68
	3.09
	4.96



	
	
	
	G_NASA
	3.24
	3.95
	5.08
	5.54
	5.99
	6.37
	6.45
	6.04
	5.08
	4.41
	3.63
	3.1
	4.91



	
	
	
	SRF_ALB
	0.15
	0.14
	0.14
	0.15
	0.15
	0.16
	0.16
	0.17
	0.16
	0.14
	0.14
	0.14
	0.15



	
	
	
	KT
	0.51
	0.52
	0.56
	0.55
	0.55
	0.58
	0.58
	0.59
	0.54
	0.55
	0.55
	0.51
	0.55



	
	
	
	TS_MAX
	25.2
	29.45
	34.74
	39.2
	41.6
	42.49
	41.46
	41.84
	37.41
	34.55
	29.63
	25.09
	35.22



	
	
	
	TS_MIN
	8.06
	10.29
	13.86
	18.01
	21.79
	23.92
	23.91
	24.29
	22.05
	17.92
	12.99
	8.77
	17.16



	D-1
	   25 .  3836 °    
	   − 99 .  39066 °    
	G_Model
	3.42
	4.2
	5.2
	5.58
	5.94
	6.38
	6.42
	6.22
	5.15
	4.4
	3.77
	3.24
	4.99



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.52
	30.62
	35.64
	39.67
	41.76
	41.81
	40.53
	40.66
	36.59
	33.86
	30.1
	26.32
	35.34



	
	
	
	TS_MIN
	8.39
	10.49
	13.86
	17.89
	21.39
	23.01
	22.76
	23.06
	21.25
	17.4
	12.83
	8.98
	16.77



	D-2
	   25 .  1128 °    
	   − 99 .  39066 °    
	G_Model
	3.45
	4.21
	5.22
	5.58
	5.93
	6.38
	6.41
	6.22
	5.16
	4.42
	3.79
	3.26
	5



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.52
	30.62
	35.64
	39.67
	41.76
	41.81
	40.53
	40.66
	36.59
	33.86
	30.1
	26.32
	35.34



	
	
	
	TS_MIN
	8.39
	10.49
	13.86
	17.89
	21.39
	23.01
	22.76
	23.06
	21.25
	17.4
	12.83
	8.98
	16.77



	D-3
	   24 .  842 °    
	   − 99 .  39066 °    
	G_Model
	3.74
	4.47
	5.51
	5.79
	6.04
	6.26
	6.18
	6.01
	5.07
	4.6
	4.09
	3.54
	5.11



	
	
	
	G_NASA
	3.75
	4.5
	5.53
	5.71
	6
	6.11
	6.2
	5.98
	5.09
	4.61
	4.14
	3.62
	5.1



	
	
	
	SRF_ALB
	0.13
	0.12
	0.13
	0.13
	0.13
	0.15
	0.13
	0.14
	0.13
	0.11
	0.12
	0.13
	0.13



	
	
	
	KT
	0.56
	0.57
	0.6
	0.56
	0.55
	0.56
	0.56
	0.57
	0.53
	0.56
	0.59
	0.56
	0.56



	
	
	
	TS_MAX
	26.61
	30.52
	35.25
	39.06
	40.5
	40.01
	38.47
	38.63
	34.59
	32.15
	29.34
	26.34
	34.29



	
	
	
	TS_MIN
	8.11
	10.07
	13.25
	17.11
	20.24
	21.5
	21.12
	21.38
	19.8
	16.22
	12.06
	8.68
	15.79



	E1
	   25 .  9252 °    
	   − 99 .  09189 °    
	G_Model
	3.38
	4.16
	5.18
	5.57
	5.94
	6.4
	6.43
	6.22
	5.13
	4.36
	3.72
	3.2
	4.97



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.06
	30.3
	35.5
	39.76
	42.12
	42.62
	41.49
	41.7
	37.52
	34.79
	30.22
	25.91
	35.67



	
	
	
	TS_MIN
	8.2
	10.39
	13.87
	17.96
	21.66
	23.57
	23.44
	23.79
	21.77
	17.76
	12.95
	8.84
	17.02



	E-1
	   25 .  3836 °    
	   − 99 .  09189 °    
	G_Model
	3.42
	4.2
	5.2
	5.58
	5.94
	6.38
	6.42
	6.22
	5.15
	4.4
	3.77
	3.24
	4.99



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.52
	30.62
	35.64
	39.67
	41.76
	41.81
	40.53
	40.66
	36.59
	33.86
	30.1
	26.32
	35.34



	
	
	
	TS_MIN
	8.39
	10.49
	13.86
	17.89
	21.39
	23.01
	22.76
	23.06
	21.25
	17.4
	12.83
	8.98
	16.77



	E-2
	   25 .  1128 °    
	   − 99 .  09189 °    
	G_Model
	3.45
	4.21
	5.22
	5.58
	5.93
	6.38
	6.41
	6.22
	5.16
	4.42
	3.79
	3.26
	5



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	TS_MAX
	26.52
	30.62
	35.64
	39.67
	41.76
	41.81
	40.53
	40.66
	36.59
	33.86
	30.1
	26.32
	35.34



	
	
	
	TS_MIN
	8.39
	10.49
	13.86
	17.89
	21.39
	23.01
	22.76
	23.06
	21.25
	17.4
	12.83
	8.98
	16.77



	F1
	   25 .  9252 °    
	   − 98 .  79311 °    
	G_Model
	3.19
	3.93
	4.99
	5.67
	6.16
	6.62
	6.65
	6.22
	5.22
	4.52
	3.65
	3.07
	4.99



	
	
	
	G_NASA
	3.22
	3.95
	5.01
	5.57
	6.1
	6.57
	6.65
	6.15
	5.24
	4.62
	3.74
	3.15
	5



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.15
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.49
	0.51
	0.55
	0.55
	0.56
	0.59
	0.6
	0.59
	0.55
	0.56
	0.54
	0.5
	0.55



	
	
	
	TS_MAX
	26.09
	30.34
	35.32
	39.38
	41.56
	42.26
	40.9
	41.47
	37.25
	34.57
	30.09
	25.98
	35.44



	
	
	
	TS_MIN
	8.88
	11.04
	14.38
	18.26
	21.72
	23.66
	23.67
	24
	21.98
	18.08
	13.51
	9.53
	17.39



	F-1
	   25 .  3836 °    
	   − 98 .  79311 °    
	G_Model
	3.23
	3.96
	5.02
	5.68
	6.16
	6.61
	6.64
	6.22
	5.24
	4.56
	3.7
	3.12
	5.01



	
	
	
	G_NASA
	3.22
	3.95
	5.01
	5.57
	6.1
	6.57
	6.65
	6.15
	5.24
	4.62
	3.74
	3.15
	5



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.15
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.49
	0.51
	0.55
	0.55
	0.56
	0.59
	0.6
	0.59
	0.55
	0.56
	0.54
	0.5
	0.55



	
	
	
	TS_MAX
	26.46
	30.66
	35.55
	39.44
	41.45
	41.75
	40.06
	40.53
	36.56
	33.83
	30.03
	26.27
	35.22



	
	
	
	TS_MIN
	9.16
	11.27
	14.56
	18.31
	21.59
	23.34
	23.25
	23.53
	21.72
	17.96
	13.58
	9.75
	17.33



	G0
	   25 .  6544 °    
	   − 98 .  49433 °    
	G_Model
	3.21
	3.94
	5.01
	5.67
	6.16
	6.62
	6.64
	6.22
	5.23
	4.54
	3.68
	3.1
	5



	
	
	
	G_NASA
	3.22
	3.95
	5.01
	5.57
	6.1
	6.57
	6.65
	6.15
	5.24
	4.62
	3.74
	3.15
	5



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.15
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.49
	0.51
	0.55
	0.55
	0.56
	0.59
	0.6
	0.59
	0.55
	0.56
	0.54
	0.5
	0.55



	
	
	
	TS_MAX
	26.31
	30.09
	34.5
	38.18
	40.19
	41.04
	39.61
	40.27
	36.85
	34.34
	30.17
	26.27
	34.82



	
	
	
	TS_MIN
	9.83
	11.82
	14.88
	18.52
	21.93
	24.04
	24.1
	24.4
	22.56
	18.77
	14.37
	10.49
	17.97



	G1
	   25 .  9252 °    
	   − 98 .  49433 °    
	G_Model
	3.19
	3.93
	4.99
	5.67
	6.16
	6.62
	6.65
	6.22
	5.22
	4.52
	3.65
	3.07
	4.99



	
	
	
	G_NASA
	3.22
	3.95
	5.01
	5.57
	6.1
	6.57
	6.65
	6.15
	5.24
	4.62
	3.74
	3.15
	5



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.15
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.49
	0.51
	0.55
	0.55
	0.56
	0.59
	0.6
	0.59
	0.55
	0.56
	0.54
	0.5
	0.55



	
	
	
	TS_MAX
	26.31
	30.09
	34.5
	38.18
	40.19
	41.04
	39.61
	40.27
	36.85
	34.34
	30.17
	26.27
	34.82



	
	
	
	TS_MIN
	9.83
	11.82
	14.88
	18.52
	21.93
	24.04
	24.1
	24.4
	22.56
	18.77
	14.37
	10.49
	17.97



	G-1
	   25 .  3836 °    
	   − 98 .  49433 °    
	G_Model
	3.23
	3.96
	5.02
	5.68
	6.16
	6.61
	6.64
	6.22
	5.24
	4.56
	3.7
	3.12
	5.01



	
	
	
	G_NASA
	3.22
	3.95
	5.01
	5.57
	6.1
	6.57
	6.65
	6.15
	5.24
	4.62
	3.74
	3.15
	5



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.15
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	
	
	
	KT
	0.49
	0.51
	0.55
	0.55
	0.56
	0.59
	0.6
	0.59
	0.55
	0.56
	0.54
	0.5
	0.55



	
	
	
	TS_MAX
	26.73
	30.57
	34.94
	38.39
	40.05
	40.47
	38.87
	39.45
	36.1
	33.61
	30.14
	26.58
	34.66



	
	
	
	TS_MIN
	10.29
	12.29
	15.31
	18.79
	21.98
	23.9
	23.87
	24.12
	22.46
	18.8
	14.6
	10.91
	18.11
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Figure 1. The state of Nuevo León is highlighted for reference. Geographical places of interest are named for reference as well. The image was taken and modified from the work in [19]. 
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Figure 2. Applied methodology. 
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Figure 3. Geographical points (80 in total) selected for mathematical model calculation. The rounded red-black point represents the grid’s origin. 
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Figure 4. The resulting grid strategically dividing the state of Nuevo León. The lines are parallel to the equator and Greenwich Meridian. 
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Figure 5. Values obtained for La Osca from mathematical model and NASA SSE. 
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Figure 6. Values obtained for Doctor Arroyo from mathematical model and NASA SSE. 
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Figure 7. Values obtained for Monterrey from mathematical model and NASA SSE. 
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Figure 8. Values obtained for Anáhuac from mathematical model and NASA SSE. 
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Figure 9. Values obtained for China from mathematical model and NASA SSE. 






Figure 9. Values obtained for China from mathematical model and NASA SSE.
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Figure 10. GIS analysis for the month of January. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 
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Figure 11. GIS analysis for the month of February. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 11. GIS analysis for the month of February. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 12. GIS analysis for the month of March. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 12. GIS analysis for the month of March. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 13. GIS analysis for the month of April. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 13. GIS analysis for the month of April. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 14. GIS analysis for the month of May. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 14. GIS analysis for the month of May. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).



[image: Energies 14 06427 g014]







[image: Energies 14 06427 g015 550] 





Figure 15. GIS analysis for the month of June. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 15. GIS analysis for the month of June. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 16. GIS analysis for the month of July. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 16. GIS analysis for the month of July. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 17. GIS analysis for the month of August. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 17. GIS analysis for the month of August. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 18. GIS analysis for the month of September. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 18. GIS analysis for the month of September. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 19. GIS analysis for the month of October. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 19. GIS analysis for the month of October. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 20. GIS analysis for the month of November. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 20. GIS analysis for the month of November. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Figure 21. GIS analysis for the month of December. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C). 






Figure 21. GIS analysis for the month of December. (left) Average solar irradiation (kWh/m2), (center) Maximum average temperature (°C), and (right) Minimum average temperature (°C).
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Table 1. Average representative day for each month.






Table 1. Average representative day for each month.





	Month
	Representative Day
	Day Number of the Year





	January
	17
	17



	February
	16
	47



	March
	16
	75



	April
	15
	105



	May
	15
	135



	June
	11
	162



	July
	17
	198



	August
	16
	228



	September
	15
	258



	October
	15
	288



	November
	14
	318



	December
	10
	344
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Table 2. Latitude and longitude coordinates for all five locations in the state of Nuevo León chosen as reference points to validate the mathematical model with NASA’s data.






Table 2. Latitude and longitude coordinates for all five locations in the state of Nuevo León chosen as reference points to validate the mathematical model with NASA’s data.





	Location
	Latitude
	Longitude





	Monterrey
	25.68651°
	−100.31609°



	Anahuac
	27.24121°
	−100.13339°



	China
	25.70341°
	−99.23657°



	Doctor Arroyo
	23.67731°
	−100.18279°



	La Osca
	25.61642°
	−98.65004°
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Table 3. Monthly comparison of G from the model against the G provided by NASA SSE database for the five target points.
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	Municipality
	Lat (°)
	Long (°)
	Parameter
	January
	February
	March
	April
	May
	June
	July
	August
	September
	October
	November
	December
	Annual Average





	Monterrey
	25.68651
	−100.31609
	G_MODEL
	3.79
	4.64
	5.64
	5.98
	6.27
	6.28
	6.09
	5.9
	5.04
	4.62
	4.15
	3.59
	5.17



	
	
	
	G_NASA
	3.83
	4.61
	5.73
	5.94
	6.27
	6.19
	6.06
	5.74
	5.05
	4.66
	4.2
	3.64
	5.16



	
	
	
	RPE
	−1.0444
	0.6508
	−1.5707
	0.6734
	0.0000
	1.4540
	0.4950
	2.7875
	−0.1980
	−0.8584
	−1.1905
	−1.3736
	



	
	
	
	KT
	0.58
	0.6
	0.62
	0.58
	0.57
	0.56
	0.55
	0.56
	0.53
	0.57
	0.61
	0.58
	0.58



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.14
	0.15
	0.16
	0.15
	0.16
	0.15
	0.13
	0.13
	0.15
	0.15



	Anáhuac
	27.24121
	−100.13339
	G_MODEL
	3.34
	4.14
	5.2
	5.75
	6.17
	6.43
	6.45
	6.1
	5.17
	4.36
	3.74
	3.14
	5



	
	
	
	G_NASA
	3.35
	4.05
	5.18
	5.65
	6.09
	6.32
	6.43
	5.93
	5.07
	4.34
	3.67
	3.14
	4.93



	
	
	
	RPE
	−0.2985
	2.2222
	0.3861
	1.7699
	1.3136
	1.7405
	0.3110
	2.8668
	1.9724
	0.4608
	1.9074
	0.0000
	



	
	
	
	KT
	0.53
	0.55
	0.58
	0.56
	0.56
	0.57
	0.58
	0.58
	0.55
	0.55
	0.57
	0.53
	0.56



	
	
	
	SRF_ALB
	0.16
	0.16
	0.16
	0.16
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16



	Dr. Arroyo
	23.67731
	−100.18279
	G_MODEL
	4.11
	4.95
	6.03
	6.33
	6.68
	6.56
	6.27
	6.12
	5.3
	5
	4.47
	3.97
	5.48



	
	
	
	G_NASA
	4.15
	4.98
	6.03
	6.3
	6.57
	6.51
	6.26
	6.07
	5.3
	5
	4.58
	4.01
	5.48



	
	
	
	RPE
	−0.9639
	−0.6024
	0.0000
	0.4762
	1.6743
	0.7680
	0.1597
	0.8237
	0.0000
	0.0000
	−2.4017
	−0.9975
	



	
	
	
	KT
	0.6
	0.62
	0.65
	0.61
	0.61
	0.59
	0.57
	0.58
	0.55
	0.6
	0.63
	0.61
	0.6



	
	
	
	SRF_ALB
	0.17
	0.17
	0.17
	0.17
	0.17
	0.18
	0.18
	0.18
	0.18
	0.16
	0.16
	0.17
	0.17



	China
	25.70341
	−99.23657
	G_MODEL
	3.4
	4.17
	5.19
	5.57
	5.94
	6.39
	6.42
	6.22
	5.13
	4.38
	3.74
	3.21
	4.98



	
	
	
	G_NASA
	3.4
	4.13
	5.23
	5.53
	5.81
	6.23
	6.37
	6.04
	5.04
	4.4
	3.8
	3.27
	4.94



	
	
	
	RPE
	0.0000
	0.9685
	−0.7648
	0.7233
	2.2375
	2.5682
	0.7849
	2.9801
	1.7857
	−0.4545
	−1.5789
	−1.8349
	



	
	
	
	KT
	0.52
	0.54
	0.57
	0.54
	0.54
	0.57
	0.58
	0.59
	0.54
	0.54
	0.55
	0.52
	0.55



	
	
	
	SRF_ALB
	0.13
	0.13
	0.13
	0.13
	0.13
	0.15
	0.15
	0.15
	0.15
	0.13
	0.13
	0.13
	0.14



	Osca
	25.61642
	−98.65004
	G_MODEL
	3.21
	3.95
	5.01
	5.67
	6.16
	6.61
	6.64
	6.22
	5.23
	4.55
	3.68
	3.1
	5



	
	
	
	G_NASA
	3.22
	3.95
	5.01
	5.57
	6.1
	6.57
	6.65
	6.15
	5.24
	4.62
	3.74
	3.15
	5



	
	
	
	RPE
	−0.3106
	0.0000
	0.0000
	1.7953
	0.9836
	0.6088
	−0.1504
	1.1382
	−0.1908
	−1.5152
	−1.6043
	−1.5873
	



	
	
	
	KT
	0.49
	0.51
	0.55
	0.55
	0.56
	0.59
	0.6
	0.59
	0.55
	0.56
	0.54
	0.5
	0.55



	
	
	
	SRF_ALB
	0.15
	0.14
	0.15
	0.15
	0.16
	0.17
	0.17
	0.18
	0.17
	0.15
	0.15
	0.15
	0.16










[image: Table] 





Table 4. Statistical parameters to measure quality of estimated G against G from NASA SSE database for the five target points.






Table 4. Statistical parameters to measure quality of estimated G against G from NASA SSE database for the five target points.





	Municipality
	Lat (°)
	Long (°)
	MAE
	MBE
	RMSE
	MPE
	r
	R2
	t





	Monterrey
	25.68651
	   − 100.31609   
	0.0058
	0.0058
	0.0668
	   − 0.0146   
	0.9982
	0.9946
	0.2909



	Anáhuac
	27.24121
	   − 100.13339   
	0.0642
	0.0642
	0.0825
	1.2210
	0.9993
	0.9947
	4.1025



	Dr. Arroyo
	23.67731
	   − 100.18279   
	0.0025
	0.0025
	0.0535
	   − 0.0886   
	0.9994
	0.9964
	0.1553



	China
	25.70341
	   − 99.23657   
	0.0425
	0.0425
	0.0903
	0.6179
	0.9989
	0.9928
	1.7686



	Osca
	25.61642
	   − 98.65004   
	0.0050
	0.0050
	0.0512
	   − 0.0694   
	0.9995
	0.9982
	0.3257
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