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 22 

Abstract: This paper applies statistical techniques to analyse microclimatic 23 

data (temperature and relative humidity) recorded at the archaeological site of 24 

Plaza de l'Almoina (Valencia, Spain). This study has allowed us to quantify 25 

the effect of certain measures that were adopted for preventive conservation. 26 

The first monitoring campaign took place in 2010 at this archaeological site, 27 

showing harmful effects on the conservation state of the remains due to the 28 

presence of a skylight that partly covers the remains and causes a greenhouse 29 

effect. This skylight was covered with a water layer to prevent overheating of 30 

this archaeological site. However, this layer was removed in 2013 due to 31 

water leaks, and the indoor conditions changed. Over the summer, a 32 

temporary canvas was installed over the skylight to avoid heating of the 33 

archaeological site below by preventing the incidence of direct sunlight. The 34 

main importance of this work was to characterize the effect of unlike 35 

boundary weather conditions of different years in the indoor microclimate of 36 

the archaeological site, and to study the effect of the new boundary situation. 37 

This paper shows that the removal of water from the skylight caused a 38 

temperature increase inside the museum; meanwhile, the subsequent 39 

installation of the canvas cover allows appropriate daily cycles of 40 

temperature and relative humidity, especially in areas under the skylight. This 41 

work also shows that the replacement of a water ditch near the archaeological 42 

site by a PVC pipe was also detected by the sensors due to the difference in 43 

water vapour pressure.  44 

 45 

Keywords: microclimate monitoring; archaeological preservation; 46 

temperature and relative humidity sensors. 47 

 48 
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1. Introduction  50 

Preventive conservation of artworks has been improved in recent decades through 51 

scientific research that has provided a better understanding of the deterioration 52 

processes. The main causes of deterioration are environmental: temperature, humidity, 53 

light and atmospheric gases. Additional causes include mechanical damage due to 54 

inappropriate maintenance and assembly, chemical damage from contact with reactive 55 

materials and damage caused by biological organisms, plants, insects and animals.  56 

All these factors can be controlled in most cases, although the effect of some of them 57 

such as air pollutants can rarely be eliminated. By controlling these factors, it is possible 58 

to significantly slow the deterioration processes, but not to stop it completely. The 59 

methodology of preventive conservation is therefore indirect: deterioration is reduced 60 

by controlling its causes [1]. 61 

Currently, there is growing interest in monitoring the climatic parameters in cultural 62 

heritage [2-13]. In the case of archaeological sites, temperature differences between 63 

various minerals in block surfaces and differences in surface and substrate temperature 64 

are sources of thermal stress. Experience shows that thermal and humidity stresses are 65 

important causes of micro-fractures between the mineral grains of blocks [14]. 66 

Moreover, thermal variations affecting mechanisms, such as salt crystallisation, may 67 

indirectly induce damage. Thermal cycles are more important for surfaces exposed to 68 

direct solar radiation [14]. The study of microclimatic conditions surrounding 69 

archaeological sites is essential to prevent deterioration and identify eventual 70 

consequences of corrective measures [15-18]. 71 

Some authors have studied the materials composing the roofs [19] and walls [20] of 72 

buildings and how they affect the thermal comfort inside, but always focused on the 73 

welfare of people, rarely in terms of preventive conservation of archaeological heritage. 74 

In our case, we must take into account both the people who visit the museum and the 75 

archaeological remains. Nor should we forget the importance of the microclimate on the 76 

energy demand in public buildings in the context of climate change [21]. 77 

The city of Valentia (Valencia, Spain) was founded by the Romans in 138 BC, and 78 

the exact founding point where the city started is located in Plaza de l’Almoina. 79 

Evidence of Roman settlement can still be seen in the excavated remains of the Roman 80 

forum and baths [22]. The archaeological subsurface gathers a group of monumental 81 

buildings that form a complete compendium of history and urban development of 82 

Valencia, from its origins until today.  83 

L’Almoina is an archaeological museum located in a building about 3 metres below 84 

the current city sidewalk level. The archaeological remains are covered by a concrete 85 

structure, which forms an elevated plaza above the sidewalk. This cover connects with 86 

sidewalks through steps with different heights along its perimeter due to the slope of the 87 

sidewalk. There is no vertical retaining wall inside the museum to isolate the remains 88 

from water diffusion through capillarity from the surrounding areas. The archaeological 89 
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remains cover an area of 2500 m
2
 and retain vestiges ranging from the second century 90 

BC (Roman) until the fourteenth century (medieval). In 2007, an external concrete 91 

structure adapted to the archaeological site was built, and a skylight (25 × 25 m) 92 

covered with a water layer was installed, allowing passers-by a glimpse of the 93 

archaeological remains below. 94 

Preventive conservation of the archaeological site at Plaza de l’Almoina includes 95 

maintaining stable and adequate temperature and relative humidity levels and managing 96 

light exposure, among others. An initial campaign of thermo-hygrometric monitoring in 97 

Plaza de l’Almoina [23] showed a relevant effect of the skylight on the variations in 98 

temperature and relative humidity, causing sharp rises and falls during daylight hours. 99 

Possible solutions to this problem were proposed [23], based on the experience of a 100 

previous monitoring study in the ruins of Ariadne’s house in Pompeii [11]. 101 

In early summer 2013, water leaks from the skylight occurred, dripping onto the 102 

archaeological site. As an initial solution, Valencia City Council, which manages the 103 

archaeological site, eliminated the water from the skylight to prevent further leaks. 104 

Later, in August, the City Council placed a waterproof canvas over the skylight, 105 

preventing rainfall leakage and the direct impact of sunlight. Moreover, in the year 2011 106 

a water ditch built with porous bricks passing near the archaeological site [23] was 107 

substituted by a 110 mm PVC pipe. In general, microclimatic characterisation of an 108 

archaeological site must be repeated whenever environmental or boundary conditions 109 

change [23, 24]. So, a second monitoring campaign in Plaza the l’Almoina was carried 110 

out in 2013. 111 

In [25], the same problem of comparing the effect on thermo-hygrometric conditions 112 

of implemented measures is described, aimed at attributing the different levels of 113 

temperature and RH to these corrective actions. In this paper, the same data selection is 114 

performed and the selected data periods have similar outdoor environmental conditions 115 

(mainly in temperature). Now, the same procedure is applied in a buried archaeological 116 

site.  117 

The main aim of this work is to assess the effect of different corrective measures and 118 

changes implemented in the archaeological site of Plaza de l'Almoina using statistical 119 

methods sparsely used in cultural heritage and with proven effectiveness [11, 15, 23], as 120 

well as to quantify the improvements achieved by the proposed solution which could be 121 

taken as an example for other similar archaeological sites in the future. 122 

2. Materials and Methods 123 

2.1. Data loggers and installation  124 

The same data-loggers were installed as in the first monitoring campaign [23], in the 125 

same place (in this paper, sensor positions are shown in Figures 3 and 7) and with the 126 

same calibration methodology. 127 
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The second monitoring study began on 22 July 2013 and ended on 11 September 128 

2013, resulting in a total period of 51 days. All data loggers were programmed to 129 

register one measurement every 30 min, which entails a total of 2,448 recorded values 130 

(i.e., 51 days × 24 h/day × 2 data/h). 131 

Sensor coded as number 8 (#8) was stolen; therefore no data are available for this 132 

location. Sensors #3 and #4 were manipulated by third parties causing data loss for one 133 

week, from 09/05/2013 (at 18:00) to 09/11/2013 (at 23:59). 134 

2.2. Corrective action implemented 135 

As aforementioned, on 20 August 2013 the City Council of Valencia installed a 136 

canvas cover directly on the skylight. The canvas was white and 625 m
2 

in area. It was 137 

installed directly onto the glass without a fixing system (Fig. 1). 138 

 139 

Figure 1. Canvas cover, a) viewed from above, b) viewed from below. 140 

 141 

2.3. Statistical Analyses  142 

2.3.1 Data selection 143 

In order to compare data obtained in the first monitoring campaign (2010, before 144 

removing the skylight water and installing the canvas) with data from the second 145 

campaign (2013), a data selection was performed because the two periods monitored are 146 

very different: the entire year was monitored in 2010, while only summer was 147 

monitored in 2013.  148 

As was done in [25], to compare the effect on thermo-hygrometric conditions of 149 

implemented measures and in order to attribute the different levels of temperature and 150 
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RH to these corrective actions, the time periods compared must have similar outdoor 151 

environmental conditions (mainly of temperature). This is necessary to avoid the 152 

confusion of effects such as attributing differences, for example, to a warmer period.  153 

In this paper, we work with two different data matrices that correspond to similar 154 

thermo-hygrometric outdoor conditions (Fig. 2): one matrix to compare data recorded in 155 

2010 with data registered in 2013 before installing the canvas, and another matrix to 156 

compare data recorded in 2010 with data obtained in 2013 after installation of the 157 

canvas cover (Table 1).  158 

Table 1. Selected dates with similar outdoor conditions, to be used in the data analyses. 159 

Period Description Data selected dates 

2010 

selected dates 

2013 

A Data 2010 vs. data 2013 

before canvas installation 

288 (6 days) 06/30/2010 – 

07/05/2010 

07/31/2013 – 

08/05/2013 

B Data 2010 vs. data 2013 

after canvas installation 

480 (10 days) 06/25/2010 – 

07/04/2010 

08/20/2013 – 

08/24/2013 

and 

08/31/2013 – 

09/04/2013 

 160 

Figure 2. Similarity of periods selected from the first (2010) and second (2013) 161 

campaign. a) Data for 2010 and 2013 before installing the canvas. Value 0 on the 162 

horizontal axis coincides with 06/30/2010 (0:00 h) and 07/31/2013 (0:00 h, period A). 163 

b) Data for 2010 and 2013 after installing the canvas. Value 0 on the horizontal axis 164 

coincides with 06/25/2010 (0:00 h) and 08/20/2013 (0:00 h, period B). Legend: blue 165 

line corresponds to RH data in 2013, red to RH data in 2010, green to temperature data 166 

in 2013 and violet to temperature data in 2010. 167 

 168 

The results are discussed according to international standards [26, 27]. The 169 

recommended range of RH and temperature for stones and rocks is 40–60% and 19–24 170 
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°C, and a maximum daily variation of 6% in RH (no recommended daily variation is 171 

available for temperature). 172 

2.3.2 Contour plots 173 

Contour plots were analysed in this paper as done in [15, 23]. These plots were 174 

obtained with a CAD program. The graduation of the parameter was obtained by 175 

triangulation from the physical parameter value (its daily mean value) in a sensor and its 176 

closest neighbour. This was performed for all sensors. Next, equal graduation points 177 

were connected with splines, obtaining a contour plot for the physical parameter. 178 

2.3.3 Mean daily trajectories 179 

Plots of mean daily trajectories allow us to condense the information of large time 180 

periods and discern differences between sensors by visual inspection [11, 15, 23]. In 181 

this work, mean daily trajectories were calculated as the average of the data recorded 182 

from all sensors per fraction of time (in this case, every hour) for the entire period of 183 

interest. 184 

2.3.4 Normal probability plot 185 

The normal probability plot is a graphical technique for normality testing, assessing 186 

whether or not a data set is approximately normally distributed. This plot has been 187 

previously used for detecting anomalous behaviour of thermo-hygrometric parameters 188 

in cultural heritage [23]. We are interested in detecting those sensors whose differences 189 

from the average are abnormal. For this purpose, we worked with the average of inner 190 

sensors (calculated considering sensors from #1 to #11) since the main interest was to 191 

characterise differences inside the archaeological site. 192 

2.3.5 Analysis of Variance (ANOVA) 193 

To study the effect of the waterproof canvas installed, different ANOVA models 194 

were tested for data recorded in 2013, considering the following factors: day, sensor 195 

(from #1 to #11) and canvas (0=no installed vs. 1=installed, depending on the state of 196 

the skylight during this period). ANOVAs were performed using the software 197 

Statgraphics 5.1 [24]. 198 

ANOVA analyses were carried out for all data recorded in 2013 without selecting 199 

any time interval, since the entire monitoring period corresponds to summer and 200 

differences between periods can be studied with the factor day.  201 

3. Results and Discussion  202 

3.1. Microclimate characterisation after removing the skylight water layer (period A)  203 
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This section studies the effects on the microclimate inside the archaeological site in 204 

2013 as a result of removing the water on the skylight. For this purpose, data recorded 205 

in 2013 were compared with data registered in 2010 (period A), when conditions for 206 

conservation of the archaeological site were unfavourable [23]. 207 

 208 

Figure 3. Contour plots (period A), a) of temperature (ºC) in 2010, b) of 209 

temperature (ºC) in 2013, c) of water vapour pressure (mbar) in 2010, d) of water 210 

vapour pressure (mbar) in 2013. 211 

 212 

 213 

The main change in the mean temperature of the archaeological site as a result of 214 

emptying the skylight (Fig. 3a and b) is a generalised increase of this parameter, 215 

especially in those sensors located below the skylight (#6), as a consequence of the 216 

direct impact of sunlight on the glass and the non-existent energy filter effect of the 217 

water. 218 
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Regarding the water vapour pressure (Fig. 3c and d), the substitution of the water 219 

ditch with a PVC pipe has substantially modified the gradient; whereas in 2010 it ran 220 

from west to east, in 2014 it is less pronounced and runs from north to south.  221 

 222 

Figure 4. Mean daily trajectories of temperature (a, b) and RH (c, d) of sensors 223 

contained in clusters defined in [20]. a, c) Data recorded in 2010 (period A), b, d) 224 

data recorded in 2013 (period A). 225 

 226 

As shown in Fig. 4a,b the mean daily temperature trajectory of the outdoor sensor is 227 

almost coincident in both years, which implies that both periods are comparable and the 228 

differences observed in sensor #6 are a consequence of having removed the water layer 229 

from the skylight. Thus, sensor #6 has increased its mean daily temperature. Its mean 230 

daily maximum reaches 37 ºC, a value that is detrimental to conservation of the 231 

archaeological site, as it exceeds 24ºC, which is the temperature recommended by the 232 

standards [26, 27]. The remaining sensors inside the archaeological site have also 233 

increased their temperature by 2 °C on average. Note that in 2013 the average trajectory 234 
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of inner sensors at the archaeological site was above 24ºC during the monitored period, 235 

which is the recommended temperature value for preservation of the remains [26, 27]. 236 

Fig. 4c,d shows that removing the water from the skylight has caused an increase in 237 

temperature (Fig. 4b) as well as a drop in RH in the areas immediately under the glass, 238 

primarily reflected by the trajectory of sensor #6, which shows a mean daily variability 239 

in both years of roughly 14% of RH, which is higher than the standard recommended 240 

value (6%). On the other hand, the adjacent water ditch [16] caused higher levels of RH 241 

in sensors #1 and #7 in 2010 (Fig. 4.c), as a result of substitution of the water ditch by a 242 

PVC pipe in 2013. There is no such contribution by capillary action and the trajectories 243 

in sensors #1 and #7 resemble the trajectories of sensors #2, #5, #9-11 (Fig. 4d).  244 

Notice the shift recorded by sensor #3, which in 2010 captured the effects of the 245 

climate control system and presented an inverted trend compared to the rest of sensors. 246 

In 2013, this sensor underwent a very similar pattern to sensors #2, #5, #9-11. The 247 

reason could be that the climate control strategy was changed; the air conditioning 248 

system was working intermittently in 2010 depending on the needs of the 249 

archaeological site, whereas in 2013 it was working continuously throughout the day.  250 

 251 

Figure 5. Normal probability plot comparing data recorded in 2010 with data 252 

recorded in 2013 (period A), for a) temperature difference of each sensor with respect 253 

to the inner average this year, b) RH difference of each sensor with respect to the inner 254 

average this year. 255 

 256 

The normal probability plot in Fig. 5 helps us identify those sensors whose 257 

differences compared to the inner average depart from normality.  258 

In the case of temperature (Fig. 5.a), sensor #6, which is located directly below the 259 

skylight, appears further away from the normal trend followed by all sensors of the 260 

archaeological site and this difference has increased as a result of emptying the skylight.  261 

For RH (Fig. 5.b), the abnormality of sensor #6 is more noticeable in 2013 than in 262 

2010, mainly due to the decrease in the daily minimums (Fig. 4c, d). On the other hand, 263 
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sensor #1, which recorded abnormally high RH values in 2010 as a result of water 264 

infiltration by capillarity from the nearby water ditch, presents normal behaviour in 265 

2013 after substituting it by a PVC pipe. Finally, note that sensor #4 appears as 266 

anomalous in RH in 2013 (Fig. 5.b) because its mean daily trajectory of RH is very 267 

similar in both years (2010 and 2013, Fig. 4.c, d), while the other sensors have 268 

substantially changed in 2013, thus changing the inner average of RH, and now #4 269 

appears as one of the wettest sensors, in accordance with the results shown by the 270 

contour plot of water vapour pressure (Fig. 3 c and d). 271 

3.2. Microclimate characterisation after installing the canvas (period B) 272 

In this section we assess whether installation of the canvas cover has improved the 273 

microclimatic conditions affecting the ruins in 2010 [23]. 274 

Thus, as was done for data recorded before installing the canvas cover (period A), a 275 

normal probability plot was represented (Fig. 6) for the differences compared to the 276 

inner average, in order to identify which sensors have a different behaviour compared to 277 

the general trend followed inside the archaeological site in that particular time period 278 

(2010 and 2013, period B). 279 

 280 

Figure 6. Normal probability plot comparing data recorded in 2010 with data 281 

recorded in 2013 (period A), for a) temperature difference of each sensor with respect 282 

to the inner average this year, b) RH difference of each sensor with respect to the inner 283 

average this year. 284 

 285 

Sensor #6 is the most anomalous in temperature, especially in 2010 when no cover 286 

was installed, exceeding the inner mean temperature by 3.54 °C. In 2013, when the 287 

canvas was installed (period B), sensor #6 exceeds the inner mean temperature by 288 

approximately 1.8 °C. 289 

As in section 3.1, after substituting the water ditch with a PVC pipe, sensor #1 290 

reflects RH values similar to the average. However, sensor #7 continues recording RH 291 
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values above the average in 2013, which may indicate that the contribution of moisture 292 

received by this sensor is not related to the water pipe but with the waterproofing of the 293 

town square located immediately above this area of the archaeological site. 294 

On the other hand, the temperature increase caused by the skylight during daylight 295 

hours resulted in remarkable differences to the average RH in 2010 (#6_2010, RH 296 

values 16.09% lower than average), and after installing the canvas cover (_C) these 297 

differences were smoothed (#6_C, RH values 8.27% below average). 298 

Note that Normal probability plots have also been performed for amplitudes (daily 299 

maximum minus minimum), maximums, minimums, and for the differences of these 300 

parameters compared to the inner average. As the results were similar, only the plots for 301 

the mean value are presented here to simplify the discussion.  302 

3.3. Comparison of data recorded in 2013, before and after installing the canvas cover  303 

The temperature gradient after installing the canvas cover (Fig. 7a) remains centred 304 

on the skylight, as the major source of heat inside the archaeological site. However, 305 

thanks to the installed cover, the place has a more uniform temperature at the different 306 

areas and the average temperature in the areas near the skylight has decreased. 307 

In 2013, the substitution of the water ditch with a PVC pipe was reflected in the 308 

water vapour pressure gradient (Fig. 3.d, Fig. 7.b). Higher levels of water vapour 309 

pressure at sensor #7 reflect the lower waterproofing of the urban square bounding at 310 

the south-west with the archaeological site. 311 

 312 

Figure 7. Contour plots in 2013 (period B), a) of temperature (ºC), b) and water 313 

vapour pressure (mbar).  314 

 315 

 316 
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The effect of the canvas cover on the thermo-hygrometric parameters, considering 317 

the emptying of the skylight (data 2013), was also studied by statistical techniques. 318 

As explained in the Materials and Methods section, in order  to quantify and 319 

empirically demonstrate the effect of the canvas cover on the thermo-hygrometric 320 

parameters at the archaeological site, analysis of variance (ANOVA) was applied for 321 

data recorded in 2013, considering the  amplitude (max - min) of temperature (and RH) 322 

as independent variables and two factors (sensor and canvas).  323 

The two factors and their interaction were statistically significant (p-value <0.00001) 324 

and relevant in practice. Especially noteworthy is the effect of the canvas installation on 325 

sensor #6 (immediately below the skylight) and #5 (in surrounding areas), which have 326 

reduced their daily amplitude by 6.7 ºC and 1.6 ºC, respectively (Fig. 8). 327 

It should be kept in mind that the differences reflected by ANOVA for the factor 328 

"canvas" are not attributable to a relevant difference in the outdoor temperature values 329 

in the compared periods, because the least significant difference (LSD) intervals of 330 

outdoors sensor overlap, and thus their differences are no statistically significant. 331 

 332 

Figure 8. ANOVA Interaction plot, with the daily amplitude of temperature as 333 

dependent variable and "sensor" and "canvas" (takes the value 1 when the canvas was 334 

installed and 0 otherwise) as factors. ANOVA analyses will be performed for the data 335 

recorded in 2013 without selecting dates. 336 

 337 

To assess whether the differences are also relevant in practice for the canvas factor in 338 

those sensors displaying little reduction in variability, an ANOVA analysis was 339 

performed eliminating data from sensors #6 and #5. In such case, both factors (canvas 340 

and sensor) are significant (p-value <0.00001), but the interaction between them is not 341 

statistically significant (p-value = 0.46). This result indicates that the effect on the daily 342 
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variability caused by installing the canvas is relevant, but approximately the same for all 343 

sensors. 344 

In the case of RH, both factors and their interaction were significant (p-value 345 

<0.00001). The installation of the canvas cover reduced the daily amplitude by 11.8% 346 

RH and 1.7% for sensors #6 and #5, respectively, their mean daily amplitudes now 347 

being below the 6% recommended by the standards (Fig. 9). 348 

 349 

Figure 9. ANOVA Interaction plot, with the daily amplitude of RH as dependent 350 

variable and "sensor" and "canvas" (takes the value 1 when the canvas was installed and 351 

0 otherwise) as factors. ANOVA analyses will be performed for the data recorded in 352 

2013 without selecting dates. Green horizontal line indicates the variability of RH 353 

recommended by the standards (6%) [23, 24]. 354 

 355 

 356 

As for temperature, ANOVA of RH was performed removing data corresponding to 357 

sensors #6 and #5, both factors being significant (p-value <0.00001), but not their 358 

interaction (p-value = 0.11). Again, it can be deduced that the effect on the daily 359 

variability caused by installing the canvas is relevant and the same for all sensors. 360 

The interpretation of the interaction can similarly be deduced in the bivariate plot 361 

shown below. 362 

 363 

Figure 10. Bivariate plot of the mean daily maximum temperature, before 364 

(horizontal axis) and after (vertical axis) installing the canvas cover (2013). The red 365 

line represents the scenario in which the mean maximum temperature reached without 366 

cover is identical to that achieved after installing the canvas. 367 
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 368 

The vertical distance to the red line measures the change undergone after installing 369 

the canvas cover. Thus, #6 is the sensor that has most decreased its mean maximum of 370 

temperature (Fig. 10), distantly followed by sensor #5. The other sensors have dropped 371 

their mean maximum by an average of 2.24 °C, which coincides with the non-372 

significant interaction of the canvas and sensor factors in the ANOVA analysis when 373 

data from sensors #5 and #6 are removed. Results are similar for the mean minimum of 374 

RH, as the maximums of temperature are significantly correlated with the minimums of 375 

RH (p-value <0.001) with a correlation coefficient of -0.8. 376 

4. Conclusions  377 

Recorded thermo-hygrometric data have allowed us to quantify the increase of the 378 

daily temperature maximums (and the consequent decrease in the RH minimums) in 379 

2013 as a result of removing the water layer on the skylight (prior to installation of the 380 

canvas cover), especially in those areas immediately below it. 381 

On the other hand, installation of the canvas has improved temperature and humidity 382 

conditions for conservation of the archaeological remains, because the covering has 383 

created a microclimate more stable and less harmful for conservation purposes 384 

according to the recommended values of temperature and relative humidity provided by 385 

the international standards. 386 

The canvas cover has been a provisional solution, whose effectiveness has been 387 

proven in view of the results presented here, and a definitive solution more in keeping 388 

with the aesthetics of the public square that houses the archaeological site could be 389 

designed. 390 

The substitution of the water ditch by a PVC pipe has decreased the RH levels of 391 

sensor #1. However, sensor #7 maintains similar RH levels; this suggests that the supply 392 
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of moisture in this area comes from a different waterproofing of the area under which it 393 

is located. 394 

The proposed methodology resulted in a useful procedure to compare results from 395 

unlike boundary weather conditions, based on comparing data from different campaigns 396 

in order to determine the effect of a corrective measure using statistical techniques. This 397 

methodology allowed us to evaluate the three changes implemented in 2013 at Plaza de 398 

l'Almoina and their surroundings, as well as the effects that these changes have had on 399 

the thermo-hygrometric conditions of the site, always taking into account that they have 400 

a direct impact on the conservation based on the international standards. The 401 

satisfactory results of this study can be taken as an example by similar archaeological 402 

sites to study and quantify the adequacy of corrective actions. 403 
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