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Aims: Temperature changes in the air, land and ocean together with the hydrological cycle and changing 
precipitation patterns are some of the topics assessed by scientist all over the world in order to study the 
signals of a changing climate. As the impacts of climate change are expected to be noticed both at global 
and local scale, a dataset of real-world precipitation and average air temperature at regional scale 
spanning a period of 19 years is provided and described in the present paper. 
Study design: Starting from cumulative precipitation and average air temperature data, a set of annual 
and monthly spatially distributed maps have been generated in order to provide the scientific community 
with regional-scale data related to a temperate climate area. 
Place and Duration of Study: Marche Region, East-Central Italy, between January 2000 and December 
2018. 
Methodology: We used in-situ rainfall and air temperature data provided by Marche Region (Italy) 
Security and Civil Protection Department in the framework of the regional meteorological and hydrological 
monitoring network (SIRMIP). SIRMIP network is composed of a mechanical and a telemetric sensing 
system. SIRMIP network consists of, among others, 230 rain gauges and 137 thermometers. 
Rainfall and air temperature data have been interpolated on a 1 km-resolution regular grid using Inverse 
Distance Weighting (IDW) spatial interpolation. Temperature data were further processed through a linear 
regression using elevation from a high-resolution digital terrain model (DTM). 

Results: The generated dataset described in this paper consists of 228 monthly- and 19 annual-spatially 
distributed maps of rainfall and air temperature. 
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1. INTRODUCTION 22 

 23 

Climate change is recognized as one of the most important issues humans have to face in the coming decades. Indeed, 24 
the recent Special Report released by the Intergovernmental Panel on Climate Change (IPCC) clearly states that human-25 



 

 

induced warming reached approximately 1°C (likely between 0.8°C and 1.2°C) above pre-industrial levels in 2017, 26 
increasing at 0.2°C (likely between 0.1°C and 0.3°C) per decade [1]. 27 

The Mediterranean area is one of the most affected by climate change: in particular, this area is the only one in the world 28 
where most models agree in predicting less precipitation in all seasons [2]. The impacts of climate change, however, are 29 
expected to be noticed at smaller scales (local to regional); this is particularly true for the Mediterranean climate, which is 30 
characterized by high temporal and spatial variability [3]. 31 

For this study we focused our attention on Marche Region, located in Eastern Italy. Marche region extends over an area 32 
of about 10,000 square kilometers of the central Adriatic slope between Emilia-Romagna to the north, Tuscany and 33 
Umbria to the west, and Lazio and Abruzzo to the south, the entire eastern boundary being formed by the Adriatic Sea. 34 
Most of the region is mountainous or hilly, the main features being the Apennine chain along the internal boundary and an 35 
extensive system of hills descending towards the sea. The mountains do not exceed 2,400 m, the hilly area covers two-36 
thirds of the region and it is interrupted by wide gullies with several rivers and by alluvial plains perpendicular to the 37 
principal chain. Climate of Marche region is temperate: in particular, it is continental in the mountainous areas with cold 38 
and often snowy winters, and Mediterranean by the sea. 39 

Examining the spatio-temporal dynamics of meteorological variables in the context of changing climate is vital to assess 40 
climate-induced changes and suggest feasible adaptation strategies [4]. In order to provide the scientific community with 41 
regional-scale data related to a temperate climate area useful for climate change studies, we generated a set of annual 42 
and monthly spatially distributed maps of precipitation and air temperature. Details of the methodology we followed for 43 
producing distributed maps are given in the following sections. 44 

 45 

2. MATERIAL AND METHODS 46 

 47 

Rainfall and air temperature data used for the present study come from the regional meteorological and hydrological 48 
monitoring network (SIRMIP), managed by Marche Region Civil Protection Service [5]. Data are publicly available through 49 
a web application named SIRMIP on-line [6]. 50 
 51 
SIRMIP is composed of a mechanical (disused at the end of 2014) and a telemetric sensing system. The sensor network 52 
consists of water-level sensors, thermometers, rain and wind gauges, atmospheric pressure sensors, relative humidity, 53 
solar irradiance and snow-level sensors, distributed throughout the territory of Marche Region. All types of sensor have 54 
30-minutes sampling, except wind gauges (10 minutes) and rain gauges (15 minutes). Mechanical thermometers provided 55 
the minimum and maximum daily values. 56 
 57 
First of all, cumulative rainfall and average air temperature data have been collected via the SIRMIP on-line system 58 
according to monthly and annual intervals for the period 2000-2018. Such period has been selected since past studies on 59 
Marche Region’s climatological parameters conducted by the Regional Agency for Services in the Agri-food Sector 60 
focused the attention on the years 1961-2000 [7]. 61 

Then, data have been interpolated on a regular grid having spatial resolution of 1 km. Gauss–Boaga (G-B) cartographic 62 
projected coordinate system [8], one of the most used in Italy, was used for the grid. 63 

Spatial interpolation was performed using Inverse Distance Weighting (IDW) technique [9]. IDW is a type of deterministic 64 
method for multivariate interpolation starting from a known scattered set of points. This type of interpolation explicitly 65 
makes the assumption that points that are spatially close to one another are more alike than those that are farther apart. 66 
The assigned values to unknown points are calculated by a weighted average of the values available at the known points. 67 
Weights are proportional to the inverse of the distance between the known data points and the prediction location raised 68 
to the power value p [9]; when p = 2 (the value we used for this study) the method is known as the inverse distance 69 
squared weighted interpolation. 70 

Hypothesizing that elevation represents the main driver of temperature in the study area, interpolated air temperature data 71 
were further processed through a simple linear regression between temperature and elevation [10] by means of a LIDAR 72 
(Light Detection and Ranging)-derived digital terrain model (DTM) of Marche region [11]; DTM we used has a vertical 73 
resolution of 1 m and is built on the same regular grid employed for interpolation. 74 
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3. RESULTS AND DISCUSSION 76 

 77 

The dataset generated for the present work covers the years from 2000 to 2018 and consists of 228 monthly- and 19 78 
annual-spatially distributed maps of rainfall and air temperature. Maps are saved in ASCII raster file format [12]; such 79 
format is commonly used to transfer raster data between various applications. It basically consists in a simple text file with 80 
a few lines of header data followed by lists of values. Header data are related to the following information: the number of 81 
columns and rows in the file, the coordinates of the lower left point on the map, the distance between two consecutive 82 
points of the regular grid and the value associated to missing data in the file. All files are grouped in four folders and 83 
provided in a compressed archive available as supplemental material. A brief description of some elaborations produced 84 
starting from the provided maps is given in this section. 85 

In Figure 1 the spatial distribution of mean annual cumulative rainfall on Marche Region is given; substantially it 86 
represents the arithmetic mean of the nineteen annual cumulative rainfall maps generated for this study. Boundaries of 87 
regional hydrographic catchments are also represented with red lines. Latitude and longitude are reported in Gauss–88 
Boaga (G-B) North and East coordinates, respectively. The Apennine chain is located along the internal (Western) 89 
boundary of the region. 90 
 91 

 92 
 93 
Fig. 1. Spatial distribution of mean annual cumulative rainfall on Marche Region in 2000-2018 years. Red lines 94 
represent the boundaries of regional hydrographic catchments. G-B stands for Gauss–Boaga cartographic 95 
projected coordinate system. 96 
 97 
 98 
Annual air temperature on Marche Region averaged over 2000-2018 years is shown in Figure 2. In this case, black lines 99 
were used to represent the hydrographic catchments on the map. 100 
 101 
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 103 
Fig. 2. Spatial distribution of mean annual air temperature on Marche Region in 2000-2018 years. Black lines 104 
represent the boundaries of regional hydrographic catchments. 105 
 106 
In Figure 3 and Figure 4 monthly air temperature averaged over 2000-2018 years only considering January and July 107 
months, respectively, is reported. 108 
 109 
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 111 

Fig. 3. Spatial distribution of mean monthly air temperature during January on Marche Region in 2000-2018 years. 112 
 113 
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 115 
Fig. 4. Spatial distribution of mean monthly air temperature during July on Marche Region in 2000-2018 years. 116 
 117 
 118 

4. CONCLUSION 119 

 120 

A set of annual and monthly spatially distributed maps of precipitation and air temperature have been generated with the 121 
aim of providing the scientific community with regional-scale data related to a temperate climate area. The dataset can be 122 
useful for climate change studies; it consists of 228 monthly- and 19 annual-spatially distributed maps of rainfall and air 123 
temperature covering the years from 2000 to 2018. Data are provided in pdf format as supplemental material.  124 
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