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Abstract. In this study, the sensitivity of the soil temperature (ST) profile of Egypt 

to different initial soil moisture conditions was investigated using the RegCM4 

regional climate model. The RegCM4 was downscaled with the ERA-Interim 

reanalysis and 25 km grid spacing and it was configured with version 4.5 of the 

community land model (CLM45). The initial conditions of the soil moisture were 

defined as ESACCI satellite product (ESA) and Century reanalysis product (CEN). 

Also, the ST profile was defined as shallow (10 cm), medium (40 cm), and deep 

(100 cm) depth. Additionally, the added value of the linear scaling (LS) was 

examined considering the depth 100 cm as an example. The results showed that 

the ST was sensitive to the initial soil moisture condition. The CEN demonstrated 

lower ST bias than the one observed in the ESA, particularly for the depth of 100 

cm (by 0.5 to 5°C), followed by the 40 cm depth (by 0.5 to 3.5°C), and finally the 

10 cm depth (by 0.5 to 1.5°C). Additionally, the LS showed its potential skills in 

reducing the ST bias in the evaluation/validation periods. Such point was 

confirmed in simulating the ST climatological annual cycle in different locations 

(representing different climate zones of Egypt). Quantitatively, the mean bias and 

standard deviation ratio of the CEN are lower than those of the ESA total locations. 

In conclusion, our study emphasizes the importance of initializing the RegCM4 

with the CEN and applying the LS method for correcting its output to ensure a 

reliable simulation of the ST profile of Egypt. 
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1. Introduction 

The earth’s life is regulated by many aspects such as soil. Additionally, the heating 

degree is regulated by the difference between the ground temperature and the 2m air 

temperature during the day light. From a physiological point of view, the soil controls 

the plant growth [1]. Soil temperature (ST) is a key variable regulating different 

hydrological and biogeochemical processes in the terrestrial ecosystems particularly in 

arid regions [2, 3 and 4]. The authors of [5] highlighted the important role of enhancing 
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the potential skills of the regional/global models by merging of the climatological soil 

temperature as an initial condition. The authors of [6, 7] highlighted the importance of 

the ST in controlling the microbial activity in the soil ecosystem. Besides, the ST plays 

a vital role in regulating the energy applications with a particular of interest in the 

Middle East arid regions such as the Gulf region [2]. Therefore, availability of ST 

station data is very important to monitor such vital applications. However, availability 

of long-term records of ST data can be a limiting factor because of the technical 

difficulties, and maintenance costs [8, 9]. Therefore, there was an urgent need to search 

for other tools to monitor ST changes. 

In efforts to overcome the ST inavailability, neural network models (ANNs) were 

proposed as an alternative solution as reported by [10]. In the past years, the numerical 

models became very useful tools to estimate the ST in places where station 

observations are not available. In the United States of America, the authors of [11] used 

the fifth generation of the regional CMM climate model. Various kinds of observation 

were used to provide a full assessment of the CMM model. They found that the CMM 

has potential skills in reproducing the ST for a hierarchy of time scales. Along with the 

regional models, the offline land surface models (LSMs) became important tools in 

simulating the soil temperature of a complicated climate regime [12].  

When long-term station data is unavailable, regional climate models can be quite 

helpful in monitoring ST dynamics in dry locations like Kuwait. As an example, the 

authors of [2] estimated the ST by means of the RegCM4 regional climate model [13], 

linear scaling (LS) bias-correction approach and station data. They highlighted the 

added value of the LS to minimize the ST bias. In Egypt, various attempts were done to 

constrain the performance of the RegCM4. The authors of [14] showed how the 

RegCM4 can be sensitive to the choice of the soil temperature status. They found that 

initialing the RegCM4 (with a spin-up) can ensure a reliable estimation of the ST. 

Recently, the role of the soil moisture has been investigated. For instance, the authors 

of [15] observed that inclusion of the satellite (reanalysis) of the soil moisture 

(temperature) reduces the ST bias. However, a comparison between two kinds of soil 

moisture (satellite and reanalysis) has not been investigated till today. To accomplish 

this task, the following points were addressed: 

(1) Compare between the ESACCI satellite soil moisture (ESA; [16, 17]) and 

Century reanalysis (CEN; [18]) with respect to the Century product at three depths 

(shallow depth of 10 cm, medium depth of 40 cm and deep depth of 100 cm). It should 

be noted that those depths were selected to match those of the Century reanalysis 

product [18]. 

(2) Examine whether the LS can reduce the ST bias in the evaluation/validation 

periods. 

(3) On a point scale, the validity of the LS needs to be further explored concerning 

the ST climatological annual cycle.  

2. Materials and Methods 

2.1. Study Area 

Our study area is Egypt. Egypt is located in an important place. That is, the 

Mediterranean Sea surrounds Egypt from the north, and the Red Sea surrounds Egypt 

from north of Sudan. Besides, Egypt is located between Libya and Gaza, In addition, 
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From a climatic point of view, it is characterized by a mild winter season and a hot dry 

summer season. Additionally, it receives a precipitation rate on average between 20 and 

200 mm year-1 ([19, 20]). In the Mediterranean Sea, the dominant wind direction is the 

northwest. The authors of [21] reported that cooling degree of the nighttime 

temperature is majorly affected by the topography nature of Saint Catherine Mountain. 

Additional details (concerning the climatic and geographic nature of Egypt) can be 

found in [22–24].  

2.2. RegCM4 Model Description and Experiment Design 

In this study, we used the RegCM regional climate model. Initially, it has been 

developed at the National Center for Atmospheric Research (NCAR), after that its 

development has continued in the International Center of Theoretical Physics (ICTP) 

[25, 26]. That is, the RegCM has undergone a substantial transition from its second 

version (RegCM2; [27]) to its fourth version (RegCM4 [13]). To further enhance its 

capability, a new efficient non-hydrostatic core has been implemented in the RegCM 

model (RegCM5; [28]). The authors of [28] highlighted that RegCM5 has not been 

fully tested. Instead, version 4.7 of the RegCM (for short; RegCM4) was used. 

Regarding its performance, the RegCM4 has shown its potential skills in reproducing 

the regional climate aspects in South America [29], Southeast Asia [30, 31], and 

Tibetan Plateau [32] and India [33]. 

Various physical parameterizations have been implemented in the RegCM4 such 

as the Community Climate Model version 3 CCM3 [34], Rapid Radiation Transfer 

Model—RRTM [35]), HOLTSLAG (HOLT [36]) and University of Washington (UW 

[37]), Emanuel (MIT [38]) and land surface (such as Biosphere Atmosphere Transfer 

Scheme (BATS [39] and community land model version 4.5 (CLM45 [40]). As 

previously utilized in [21], the radiation scheme of [35], boundary layer scheme of [37], 

cumulus scheme of [38] and the land surface scheme of [40] were employed in the 

present study. One of its advantages (with respect to its previous versions) is its ability 

to reduce the excessive tropical gross primary production (GPP [41]). Following the 

work of [14, 15], the CLM45 code passed through a series of modifications such as 

inclusion of an interface facilitating reading the CEN product [42] and a new soil depth.   

To achieve the goal of the present study, the RegCM4 was configured following 

the recommendations of [42]. To this end, the RegCM4 was driven by the ERA-Interim 

reanalysis of 1.5 degrees (EIN15 [43]). Two simulations were made in the period of 01 

January 1979 till 31 December 2015. Following the recommendation of [44], the first 

two years were omitted from the analysis. Such period was chosen for several reasons 

such as availability of the EIN (from 1979 to 2018) and the Century reanalysis product 

(from 1836 to 2015). The two simulations were designated as ESA (as the control 

simulation [21]) and CEN (as the experiment simulation) to examine how the RegCM4 

can be sensitive to the initial condition of the soil moisture. Figure 1 shows the domain 

topography as well as eight locations. First, a comparison was conducted (between the 

two simulations) concerning the Century product (OBS). The second step was 

employing a bias-correction method to possibly reduce the simulated ST bias. The bias 

correction methods can be categorized as linear scaling (LS), power transformation 

(PT), local intensity scaling, distribution mapping (DM), variance scaling, quantile 

mapping (QM), and delta change [46].  

In our work, we used the LS because it gives a reliable performance (concerning 

the available observational dataset [47-49]). Following the work of [21], the time 
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simulation length was divided to two segments. The time segment 1981 – 1996 was 

considered as the evaluation period, while the time segment 1997 – 2015 was 

designated as the validation period. As reported by [21], the climatological bias factor 

was calculated in the evaluation period. The LS added value was tested; by adding this 

bias factor to the RegCM4’s output in the validation period. Concerning the 

climatological annual cycle, the RegCM performance was quantitatively evaluated 

using three statistical metric: Pearson correlation coefficient (CORR), standard 

deviation ratio (STD), and mean bias (MB). The MB, CORR and STD were calculated 

as follows:

�� = �
�∑ (�� − 	�)��                                               (1)


�		 = � (∑��)� (∑�)(∑�)
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                                   (2)
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���

,                                                     (3)         

where N refers to the number of records of the RegCM4 and the observational dataset

(OBS). Si and Ri stand for the RegCM4 and OBS for each climatological month i, 

respectively. SD is the standard deviation ratio.

2.3. Observational Dataset

In this work, we used the NOAA-CIRES-DOE 20th Century Reanalysis V3 (20CRv3; 

[45]; for short Century - OBS) to check the RegCM4 performance of every depth on a 

grid cell and a grid point scales. The Century is available at 1° × 1° global grid and it 

covers the period of January 1836 to December 2015. Advantages of the OBS can be 

found in details in [18]. Another advantage of the Century is that it provides a soil 

temperature/moisture profile for various depths (0 for the surface layer, 10 cm as the 

shallow depth, 40 cm as the medium depth and 100 cm as the deep depth). To evaluate 

the simulated ST, the Century was interpolated on the curvilinear grid of the RegCM4 

[21]. 

Figure 1. Topography map of Egypt. The red dots refer to eight locations. Note that the topography elevation 

is in meters. 
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3. Results 

3.1. Seasonal Climatology 

Figure 2 shows the simulated soil temperature of depth 10 cm (ST10 for short) in 

comparison with the Century reanalysis product (OBS) for the seasons: spring (March-

April-May; MAM), summer (June-July-August; JJA), autumn (September-October-

November; SON) and winter (December-January-February; DJF). From figure 2, it can 

be observed that the ESA/CEN was able to reproduce the ST10 spatial pattern 

concerning the OBS. That is the ST10 approached its maximum values in the JJA 

(figure 2g-i), followed by the SON (figure 2m-o), MAM (figure 2a-c) and eventually 

the DJF (figure 2s-u). Likewise, the ST10 bias approached its maximum value in the 

JJA (figure 2j, k) as the ESA showed a bias of 2 – 4ºC in some places and 5 – 8ºC in 

majority of Egypt. On the other hand, the CEN shows a major bias of 3-5ºC in majority 

of Egypt and 6-8ºC in some places. In the MAM and SON seasons, the situation was 

quite different from the one noted in the JJA as both ESA/CEN showed a significant 

bias of 2 – 6ºC (see figure 2d, e, p, q). However, the ST10 bias spatial pattern of the 

CEN is shrinked more than one observed in the ESA. The same situation was observed 

in the DJF except for the fact that the ST10 bias was in the range of 1 – 5ºC (figure 2v, 

w). Additionally in the MAM, JJA and SON, the CEN was lower than the ESA by 0.5-

3.5ºC (figure 2f, l, r) except for the DJF where the CEN was lower than the ESA by 0.5 

– 1.5ºC (figure 2x). 

 
Figure 2. Soil temperature of depth 10 cm over the period of 1981–2015 (ST10; in °C) for the seasons: 

MAM in the first row (a–f); JJA in the second (g–l); SON in the third (m–r); and DJF in the fourth (s–x). For 

each row, ESA is on the left, followed by CEN. OBS is the third from left, followed by ESA minus OBS, 

CEN minus OBS and the difference between CEN and ESA. Significant difference/bias is indicated with 

black dots using student t-test with alpha equal to 5%. 
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Similar to the ST10, the RegCM4 was able to capture the spatial pattern of the 

ST40 concerning the OBS in all seasons (figure 3a-c, g-i, m-o and s-u). However, the 

difference between the ESA and CEN (concerning the OBS) and between themselves 

became more noted than the one observed in the ST10. For instance in the MAM 

season, the ESA showed a ST40 bias of 1 – 6ºC over majority of Egypt (figure 3d), 

while the CEN showed the same bias order of magnitude but mainly in the region of 22 

– 26ºN (figure 3e). Qualitatively, the CEN is lower than the ESA by 0.5 – 2ºC (figure 

3f). In the JJA, the difference between the ESA and CEN became clearer (than other 

seasons) as the ESA showed a bias of 3-8ºC (figure 3j), while the CEN showed a bias 

of 2 – 6ºC over majority of Egypt and in some places 8ºC (figure 3k). That is it; the 

CEN had a lower ST40 than the ESA by 1 – 3.5ºC (figure 3l). In the SON, the same 

behavior was noted but the bias spatial pattern has a lower extent than the one observed 

in the JJA (see figure 3p, q). Qualitatively, the CEN was lower than the ESA by 1 – 

2.5ºC (figure 3r). Finally in the DJF, there was no difference noted between the ESA 

and CEN either between the OBS or between themselves (see figure 3v, w, x).  

 
Figure 3. Soil temperature of depth 40 cm over the period of 1981–2015 (ST40; in °C) for the seasons: 

MAM in the first row (a–f); JJA in the second (g–l); SON in the third (m–r); and DJF in the fourth (s–x). For 

each row, ESA is on the left, followed by CEN. OBS is the third from left, followed by ESA minus OBS, 

CEN minus OBS and the difference between CEN and ESA. Significant difference/bias is indicated with 

black dots using student t-test with alpha equal to 5%. 

Figure 4 shows the simulated ST100 in comparison with the OBS. In figure 4, it 

can be observed that the difference between the ESA and CEN approached its 

maximum values (compared to the one observed in the ST10 and ST40). For instance 

in the MAM season, the ESA comprised a bias of ±1-3ºC (figure 4d), while the CEN 
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showed only a negative bias of 1 – 3ºC and the warm bias was reduced to be 1ºC 

(figure 4e). That is, the CEN had a lower ST100 than the ESA by 0.5-2ºC (figure 4f). 

In the JJA and SON seasons, the situation was different because the ESA had a warm 

bias of 3 – 8ºC (figure 4j, p) and CEN showed a warm bias of 2 – 6ºC (figure 4k, q). 

That is, the CEN had a lower ST100 than the ESA by 1– 4ºC over majority of Egypt 

and 5ºC in some regions (figure 4l, r). Finally in the DJF season, it can be observed that 

both the ESA/CEN exhibited a cold bias, yet the ESA had a cold bias of 2 – 5ºC (figure 

4v). On the other hand, the CEN showed a cold bias of 1 – 3ºC (figure 4w). From a 

qualitative point of view, the CEN was warmer than the ESA by 0.5 – 2ºC (figure 4x). 

From figures 2, 3 and 4 it can be observed that the CEN had a lower ST bias than the 

ESA in all seasons (except for the ST40 in the DJF season) in agreements with the 

results reported by [42]. However, the effect was obviously noticed in the ST100 more 

than the ST40 and ST10 because the ST100 was far from the influences of the surface 

solar radiation and temperature variability more than the ST40 and ST10. Another 

reason was that the heat transfer became slow from one layer to another because it 

occurred in arid region. Therefore, the ST100 received lower heat than the ST40 and 

ST10.  

 
Figure 4. Soil temperature of depth 100 cm over the period of 1981–2015 (ST100; in °C) for the seasons: 

MAM in the first row (a–f); JJA in the second (g–l); SON in the third (m–r); and DJF in the fourth (s–x). For 

each row, ESA is on the left, followed by CEN. OBS is the third from left, followed by ESA minus OBS, 

CEN minus OBS and the difference between CEN and ESA. Significant difference/bias is indicated with 

black dots using student t-test with alpha equal to 5%. 
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3.2. Added Value of the LS Method 

 
Figure 5. Soil temperature of depth 100 cm over the evaluation period of 1981–1996 (ST100; in °C) for the 

seasons: MAM in the first row (a–f); JJA in the second (g–l); SON in the third (m–r); and DJF in the fourth 

(s–x). For each row, OLD is on the left, followed by NEW. OBS is the third from left, followed by OLD 

minus OBS, NEW minus OBS and the difference between NEW and OLD. Significant difference/bias is 

indicated with black dots using student t-test with alpha equal to 5%. 

Referring to figure 4, it can be noted that the RegCM4 exhibited a high bias 

particularly in the JJA and SON seasons. Therefore to possibly reduce the ST bias, the 

LS bias correction method was employed. First, the time segment 1981 – 1996 was 

considered as the evaluation period, while the time segment 1997 – 2015 was 

designated as the validation period. Because of the observed effect of the initialized soil 

moisture on the ST100, the ST100 was chosen to be bias-corrected by means of the LS 

method. Figure 5 shows the simulated ST100 before applying the LS (OLD) and after 

applying the LS (NEW) concerning the Century reanalysis product (OBS) for the 

seasons: MAM, JJA, SON and DJF. From figure 5, it can be observed that the 

efficiency of the LS depends on the season being applied. For instance in the MAM 

season, the OLD exhibited a cold bias of 0.5 – 2ºC (figure 5d). On the other hand, the 

NEW had a cold bias of 1.5 – 3.5ºC (figure 5e). That is, the NEW had a lower ST100 

than the OLD by 2.5 - 5ºC (figure 5f). In the JJA and SON seasons, the situation was 

different because the OLD had a warm bias of 1 – 6ºC depending on the region of 

study (figure 5j, p). Upon applying the LS method, the NEW showed of around 1.5ºC 

(figure 5k, q). From a qualitative point of view, the NEW had a lower ST100 than the 

OLD by 2 – 5ºC (figure 5l, r). Finally in the DJF season, the OLD showed a cold bias 
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of 1 – 4.5ºC (figure 5v). Additionally, the NEW had a cold bias of 0.5 – 1ºC (figure 

5w). Qualitatively, the NEW is warmer than the OLD by 1 – 5ºC (figure 5x).  

The added value of the LS was explored in the validation period (see figure 6). 

From figure 6, it can be observed that the NEW had a better capability to reproduce the 

spatial pattern of the ST100 (than the OLD) concerning the OBS (see figure 6a-c, g-i, 

m-o and s-u). Furthermore, the ST100 bias was notably reduced when the LS method 

was applied. For instance in the MAM season, the OLD exhibited a warm bias of 1 – 

4ºC (figure 6d), while the NEW had a cold bias of 0.5 – 1.5ºC (figure 6e). That is, the 

NEW had a lower ST100 than the OLD by 2 - 5ºC (figure 6f). In the JJA and SON 

seasons, the OLD showed a warm bias of 2 – 8ºC (figure 6j, p). Furthermore, the NEW 

exhibited a warm bias of 0.5 – 2ºC (figure 6k, q). Qualitatively, the NEW had a lower 

ST100 than the OLD by 2 - 5ºC (figure 6l, r). Finally in the DJF season, the OLD had a 

cold bias of 0.5 to 4.5ºC (figure 6v) and the NEW had a cold bias of 0.5ºC (figure 6w). 

That is, the NEW was warmer than the OLD by around 2 - 5ºC (figure 6x).  

 
Figure 6. Soil temperature of depth 100 cm over the validation period of 1997–2015 (ST100; in °C) for the 

seasons: MAM in the first row (a–f); JJA in the second (g–l); SON in the third (m–r); and DJF in the fourth 

(s–x). For each row, OLD is on the left, followed by NEW. OBS is the third from left, followed by OLD 

minus OBS, NEW minus OBS and the difference between NEW and OLD. Significant difference/bias is 

indicated with black dots using student t-test with alpha equal to 5%. 
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3.3. Climatological Annual Cycle 

 
Figure 7. Climatological annual cycle of the simulated ST100 with respect to the OBS over the validation 

period 1997–2015 (for the locations indicated in figure 1). Note that OLD (in blue) refers to the raw ST100 

output before applying the LS bias-correction method, while NEW (in red) refers to the bias-corrected ST100 

after applying the LS bias-correction method. OBS is the Century reanalysis product. 

To further examine the added value of the LS, the ST climatological annual cycle was 

plotted (before – OLD and after applying the LS - NEW) for eight locations concerning 

the OBS (figure 7). From figure 7, it can be shown that the added value of the LS 

varied with the locations and month. For instance, the NEW was close to the OBS (in 

Alexandria) for all months. Statistically, the MBOLD was 5.74ºC and the MBOLD was 

0.39ºC. Also, the STDOLD was 1.71 and the STDNEW was 0.92. This explored the added 

value of the LS in terms of reducing the MB and STD. For the CORR, there was no 

clear difference between the OLD and NEW as the CORROLD was 0.728 and the 
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CORRNEW was 0.74. In Asswan, the situation was different because, both the OLD and 

NEW were close to the OBS in January and February. Also, from month March to 

November, the NEW was closer to the OBS than the OLD. In December, both the OLD 

and NEW were close to each other and overestimate the OBS. From a statistical point 

of view, the MBOLD was 5.53ºC and the MBOLD was 0.99ºC. Additionally, the STDOLD 

was 3.73 and the STDNEW was 1.64. For the CORR, both the OLD and NEW exhibited 

low values as the CORROLD was 0.35 and the CORRNEW was 0.24.  

In Assyut, the NEW was closer to the OBS than the OLD in the months January, 

February, April to November. On the other hand, the OLD was closer to the OBS than 

the NEW in March and December. In statistical terms, the MBOLD was 2.83ºC and the 

MBOLD was 0.49ºC; the STDOLD was 2.56 and the STDNEW was 1.15 and the CORROLD 

was 0.61 and the CORRNEW was 0.54. For Cairo, behavior of the OLD and NEW was 

dependent on the month. For instance, the NEW was closer to the OBS (than the OLD) 

in the months January, February, April to October and December. In month March, the 

OLD was closer to the OBS than the NEW. Finally in November, both the OLD and 

NEW underestimated the ST100 concerning the OBS. Statistically, the MBOLD was 

0.2ºC and the MBOLD was -0.02ºC. Additionally, the STDOLD was 1.56 and the STDNEW 

was 1.005; the CORROLD was 0.76 and the CORRNEW was 0.87. For Farafra, it can be 

observed that the OLD was closer to the OBS in months January, February, November 

and December. On the other hand, the NEW had a better performance than the OLD 

during the months April to October. Quantitatively, the MBOLD was 2.52ºC and the 

MBOLD was 1.05ºC. Also, the STDOLD was 1.37 and the STDNEW was 0.85. As for the 

CORR, there was no clear difference between the OLD and NEW. 

In Ismailia, the NEW outperformed the OLD in all months except for March, 

October and November. Such performance was quantitatively confirmed as the MBOLD 

was 1.33ºC and the MBOLD was -0.13ºC; the STDOLD was 1.58 and the STDNEW was 

0.97 and the CORROLD was 0.75 and the CORRNEW was 0.85. For Luxor, the OLD 

outperformed the OLD in the months March and November; meanwhile the NEW 

indicated a better performance (than the OLD) during the rest of months. Statistically, 

the MBOLD was 5.39ºC and the MBOLD was 0.88ºC; the STDOLD was 4.46 and the 

STDNEW was 1.94. For the CORR, both the OLD and NEW exhibited low values and 

there was no clear difference between them as the CORROLD was 0.26 and the 

CORRNEW was 0.24. Similar to Ismailia, the NEW outperformed the OLD in all months 

except for March, October and November. Such performance was quantitatively 

confirmed as the MBOLD was 1.4ºC and the MBOLD was 0.35ºC; the STDOLD was 1.55 

and the STDNEW was 1.04 and the CORROLD was 0.77 and the CORRNEW was 0.85.  

4. Discussion and Conclusion 

Soil temperature is an important environmental variable regulating the plant growth as 

well as it plays an important role in the heat transfer in the climate system. While in-

situ observations are a valuable tool for tracking the dynamics of soil temperature, they 

can also bring up limitations when it comes to addressing such variations. 

Consequently, it became imperative to look for alternate solutions, such as regional 

climate models [11], offline land surface models [12], and ANN [10]. RCMs have 

emerged as one of the promising alternative across the globe for simulating the soil 

temperature profile, especially in arid environments [2]. In Egypt, the initial condition 

was found to have a considerable effect on the simulated soil temperature [14, 15]. In 
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this study, the influence of different products of the initialized soil moisture (remote 

sensing; ESA and reanalysis; CEN) on the soil temperature profile of Egypt was 

investigated within the framework of the regional climate model RegCM4. The 

RegCM4 was configured following [15] for the period of 1979 to 2015. The first two 

years were considered as a spin up [44]. Additionally, performance of the LS bias 

correction method was explored in the evaluation/validation periods concerning the 

seasonal climatology. Also, the added value of the LS was explored regarding the 

climatological annual cycle for several locations.  

The results showed that the RegCM4 was able to reproduce the ST spatial pattern 

concerning the OBS in all seasons. Additionally, the CEN considerably outperformed 

the ESA in the 100 cm depth followed by the 40 cm depth and finally the 10 cm depth. 

Such behavior was attributed to the fact that the layer 10 cm was closer to perturbations 

of the solar radiation and air temperature than the 40 and 100 cm layers. Furthermore, 

the heat transfer was delayed from one layer to another allowing the clear difference 

(between the ESA and CEN) in the 100 cm layer more than the 10 and 40 cm depths. 

The LS showed its added value in reducing the ST bias in the evaluation/validation 

periods. Additionally, the added value of the LS was explored (concerning the 

climatological annual cycle) by means of the statistical metric MB, STD and CORR 

and the outperformance of the NEW (over the OLD) for the majority of the months. 

Therefore, reliable simulations of the ST profile of Egypt can be ensured by adopting 

the CEN (as an initial condition) and the LS (as a bias correction method). The output 

of this work can be useful various sectors in Egypt. Our future work will compare 

between other bias correction methods such as the power transformation (PT), 

distribution mapping (DM) and quantile mapping (QM) to check whether the ST bias 

can be further reduced concerning the OBS.  

References 

[1] Mavi HS & Tupper GS. Agrometeorology: Principles and Applications of Climate Studies in 

Agriculture; CRC Press: Binghamton, NY, USA. 2004. 

[2] ElmiA, Anwar SA & Al‑Dashti H. Measurements and regional climate modeling of soil temperature 

with and without bias correction method under arid environment: Can soil temperature outperform air 

temperature as a climate change indicator? Environ. Model. Assess. 2024; 29:279–289. 

[3] Riedel T. Temperature-associated changes in groundwater quality. J. Hydrology. 2019; 572: 206–212. 

[4] Sen C & Ozturk O. The relationship between soil moisture and temperature vegetation on 

KirklareliCitLuleburgaz District a natural pasture vegetation. International Journal of Environmental & 

Agriculture Research.  2017; 3: 21–29. 

[5] Bonan G. Ecological Climatology: Concepts and Applications, 3rd ed.; Cambridge University Press: 

Cambridge, UK, 2005.  

[6] Davidson E & Janssens I. Temperature sensitivity of soil carbon decomposition and feedbacks to 

climate change. Nature. 2006; 440: 165–173. 

[7] Zhang H, Yao X, Zeng W, Fang Y & Wang W. Depth dependence of temperature sensitivity of soil 

carbon dioxide, nitrous oxide and methane emissions. Soil Biology and Biochemistry. 2020; 149: 

107956. 

[8] Araghi A, Mousavi-Baygi M & Adamowski J. Detecting soil temperature in Northeast Iran from 1993 

to 2016. Soil Tillage Research. 2017; 174: 177–192. 15.  

[9] Brown SE, Pregitzer KS, Reed DD & Burton AJ. Predicting daily mean soil temperature from daily 

mean air temperature in four northern hardwood forest stands. Forest Science. 2000; 46: 297–301.  

[10] Yang CC, Prasher OS & Mehuys GR. An artificial neural network to estimate soil temperature. 

Canadian Journal of Soil Science. 1997; 77: 421–429. 

[11] Zhu J & Liang XZ. Regional climate model simulation of U.S. soil temperature and moisture during 

1982–2002. J. Geophys. Res. Atmos. 2005; 110(D24).  

S.A. Anwar and A. Srivastava / Role of the RegCM4 Regional Climate Model1388



[12] Meng X, Wang H, Wu Y, Long A, Wang J, Shi C & Ji X. Investigating spatiotemporal changes of the 

land-surface processes in Xinjiang using high-resolution CLM3.5 and CLDAS: Soil temperature. Sci. 

Rep. 2017; 7: 13286. 

[13] Giorgi F, Coppola E, Solmon F, Mariotti L, Sylla MB, Bi X, Elguindi N, Diro GT, Nair V, Giuliani G, 

et al. RegCM4: Model description and preliminary tests over multiple CORDEX domains. Clim. Res. 

2012; 52: 7–29. 

[14] Anwar SA, Hejabi S. The influence of different initial conditions on the soil temperature profile of 

Egypt using a regional climate model. Eng. Proc. 2023; 31: 62. https://doi.org/10.3390/ASEC2022-

13850.  

[15] Anwar SA. Simulating daily soil temperature in Egypt using a high-resolution regional climate model: 

Sensitivity to soil moisture and temperature initial conditions. Eng. Proc. 2023; 56: 106. 

https://doi.org/10.3390/ASEC2023-15368.  

[16] Dorigo WA, Wagner W, Albergel C, et al. ESACCI soil moisture for improved earth system 

understanding: State-of-the art and future directions. Remote Sens. Environ. 2017; 203: 185–215.  

[17] Gruber A, Scanlon T, van der Schalie R, Wagner W, Dorigo W. Evolution of the ESA CCI soil 

moisture climate data records and their underlying merging methodology. Earth Syst. Sci. Data. 2019; 

11: 717–739. 

[18] Slivinski LC, Compo GP, Whitaker JS, et al. Towards a more reliable historical reanalysis: 

Improvements for version 3 of the Twentieth Century Reanalysis system. Q. J. R. Meteorol. Soc. 2019; 

145: 2876–2908. 

[19] El Kenawy A, Lopez-Moreno JI, Vicente-Serrano SM, Morsi F. Climatological modeling of monthly 

air temperature and precipitation in Egypt through GIS techniques. Clim. Res. 2010; 42: 161–176.  

[20] Nashwan MS, Shahid S, Chung ES. High-resolution climate projections for a densely populated 

mediterranean region. Sustainability. 2020; 12: 3684.  

[21] Anwar SA, Olusegun CF. Simulating the Potential evapotranspiration of Egypt using the RegCM4: 

Sensitivity to the land surface and boundary layer parameterizations. Hydrology. 2024; 11: 121. 

https://doi.org/10.3390/hydrology11080121.  

[22] Hamed MM, Nashwan MS, Shahid S. Inter-comparison of historical simulation and future projection of 

rainfall and temperature by CMIP5 and CMIP6 GCMs over Egypt. Int. J. Climatol. 2022; 42: 4316–

4332.  

[23] Hamed MM, Nashwan MS, Shiru MS, Shahid S. Comparison between CMIP5 and CMIP6 models over 

MENA Region using historical simulations and future projections. Sustainability. 2022; 14: 10375.  

[24] Mostafa SM, Anwar SA, Zakey AS, Wahab MMA. Bias-correcting the maximum and minimum air 

temperatures of Egypt using a high-resolution Regional Climate Model (RegCM4). Eng. Proc. 2023; 31: 

73.  

[25] Dickinson RE, Errico RM, Giorgi F, Bates GT. A regional climate model for the western United States. 

Clim. Chang. 1989; 15: 383–422.  

[26] Giorgi F, Bates GT. The climatological skill of a regional model over complex terrain. Mon. Weather 

Rev. 1989; 117: 2325–2347.  

[27] Giorgi F, Marinucci MR, Bates GT, DeCanio G. Development of a second generation regional climate 

model (RegCM2). Part II: Convective processes and assimilation of lateral boundary conditions. Mon. 

Wea. Rev. 1993; 121: 2814–2832. 

[28] Giorgi F, Coppola E, Giuliani G, Ciarlo JM, Pichelli E, et al. The fifth generation regional climate 

modeling system, RegCM5: Description and illustrative examples at parameterized convection and 

convection-permitting resolutions. J. Geophys. Res. Atmos. 2023; 128: e2022JD038199. 

[29] Llopart M, Rosmeri P, da Rocha MR & Santiago C. Sensitivity of simulated South America climate to 

the land surface schemes in RegCM4. Clim. Dyn. 2017; 49: 3975–3987.  

[30] Chung JX, Juneng L, Tangang F & Jamaluddina AF. Performances of BATS and CLM land-surface 

schemes in RegCM4 in simulating precipitation over CORDEX Southeast Asia domain. Int. J. Climatol. 

2018; 38: 794–810. https://doi.org/10.1002/joc.5211.  

[31] Zhengqi W, Xuejie G, et al. Assessing the sensitivity of RegCM4 to cumulus and ocean surface 

schemes over the Southeast Asia domain of the coordinated regional climate downscaling experiment. 

Atmos. Oceanic Sci. Lett. 2020; 13 (1): 71–79. https://doi.org/10.1080/16742834.2020.1697615.  

[32] Gu H & Wang X. Performance of the RegCM4.6 for high-resolution climate and extreme simulations 

over Tibetan Plateau. Atmosphere. 2020; 11: 1104. https://doi.org/doi:10.3390/atmos11101104.  

[33] Verma S & Bhatla R. Performance of RegCM4 for dynamically downscaling of El Nino/La Nina 

events during southwest monsoon over India and its regions. Earth Space Sci. 2021; 8: 

e2020EA001474. https://doi.org/10.1029/2020EA001474.  

[34] Kiehl JT, Hack J, Bonan G, Boville B, Breigleb B, Williamson D, Rasch P. Description of the NCAR 

Community Climate Model (ccm3), National Center for Atmospheric Research Technical Note 

NCAR/TN-420+STR; National Center for Atmospheric Research: Boulder, CO, USA, 1996; p. 95. 

S.A. Anwar and A. Srivastava / Role of the RegCM4 Regional Climate Model 1389



[35] Mlawer EJ, Taubman SJ, Brown PD, Iacono MJ, Clough SA. Radiative transfer for in homogeneous 

atmosphere: RRTM, a validated correlated-k model for the longwave. J. Geophys. Res., 1997; 102: 

16663–16682.  

[36] Holtslag AAM, Boville BA. Local versus nonlocal boundary layer diffusion in a global model. J. Clim. 

1993; 6: 1825–1842.  

[37] Grenier H, Bretherton CS. A moist PBL parameterization for large scale models and its application to 

subtropical cloud topped marine boundary layers. Mon. Weather Rev. 2001; 129: 357–377. 

[38] Emanuel KA, Zivkovic-Rothman M. Development and evaluation of a convection scheme for use in 

climate models. J. Atmos. Sci. 1999; 56: 1766–1782.  

[39] Dickinson RE, Henderson-Sellers A & Kennedy PJ. Biosphere-Atmosphere Transfer Scheme (BATS) 

Version 1e as Coupled to the NCAR Community Climate Model (No. NCAR/TN-1993, p.387 STR). 

University Corporation for Atmospheric Research. https://doi.org/10.5065/D67W6959.  

[40] Oleson KW, Lawrence DM, Bonan GB, et al. Technical Description of Version 4.5 of the Community 

Land Model (CLM). NCAR Technical Note NCAR/TN-503þ STR. National Center for Atmospheric 

Research, Boulder, 2013. 

[41] Bonan GB, Lawrence PJ, Oleson KW, Levis S, et al. Improving canopy processes in the Community 

Land Model (CLM4) using global flux fields empirically inferred from FLUXNET data. J. Geophys. 

Res. 2011; 116: G02014. https://doi.org/10.1029/2010JG001593.  

[42] Anwar SA. On the sensitivity of the potential evapotranspiration of Egypt to different initial conditions 

of the soil moisture using a high-resolution regional climate model. J. Biomed. Res. Environ. Sci. 2024 

May 28; 5(5): 501-514.  

[43] Dee DP, Uppala SM, Simmons AJ, et al. The ERA-Interim reanalysis: Configuration and performance 

of the data assimilation system. Q. J. R. Meteorol. Soc. 2011; 137: 553–597. 

[44] Steiner AL, Pal JS, Rauscher SA, et al. Land surface coupling in regional climate simulations of the 

West African monsoon. Clim. Dyn. 2009; 33: 869–892. 

[45] Compo GP, Whitaker JS, Sardeshmukh PD, et al. The twentieth century reanalysis project. Q. J. R. 

Meteorol. Soc. 2011; 137: 1–28. http://dx.doi.org/10.1002/qj.776.  

[46] Teutschbein C, Seibert J. Bias correction of regional climate model simulations for hydrological 

climate-change impact studies: Review and evaluation of different methods. J. Hydrol. 2012; 456–457: 

12–29. 

[47] Nashwan MS, Shahid S, Chung ES. High-resolution climate projections for a densely populated 

mediterranean region. Sustainability. 2020; 12: 3684. 

[48] Daniel H. Performance assessment of bias correction methods using observed and regional climate 

model data in different watersheds, Ethiopia. J. Water Clim. 2023; 14: 2007–2028.  

[49] Lafon T, Dadson S, Buys G, Prudhomme C. Bias correction of daily precipitation simulated by a 

regional climate model: A comparison of methods. Int. J. Climatol. 2013; 33: 1367–1381. 

 

S.A. Anwar and A. Srivastava / Role of the RegCM4 Regional Climate Model1390


