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ABSTRACT

ARTICLE INFO

Soil moisture is a key hydrometeorological variable that links precipitation and tem-
perature to land-atmosphere interactions and strongly influences evapotranspira-
tion, runoff generation, and drought development. This study investigates the long-
term variability of surface soil wetness across Tiirkiye using daily datasets from
seven representative cities characterized by contrasting coastal and inland climatic
conditions over the period from 1 January 2005 to 1 January 2025. The analysis fo-
cuses on (i) trend assessment of precipitation and surface soil wetness, (ii) evalua-
tion of precipitation-surface wetness (P-GWETwp) and air temperature-surface wet-
ness (T2m—GWETiop) relationships, (iii) comparison of climatic responses between
coastal and inland regions, and (iv) lagged correlation analysis to identify the re-
sponse time of surface wetness to precipitation within a 0-14 day period. Monthly
aggregated data were used to perform descriptive statistical analyses, correlation as-
sessments, and linear trend evaluations. The results show that precipitation-surface
wetness relationships vary considerably among the selected cities, reflecting re-
gional differences in climatic regime, precipitation characteristics, and evaporative
demand. In several inland cities, the influence of air temperature on surface wetness
variability appears more pronounced, indicating the importance of evaporation-
driven moisture loss under drier climatic conditions. In contrast, coastal cities gen-
erally exhibit weaker and more variable response patterns due to their more humid
atmospheric conditions. Overall, the findings provide a comparative framework for
understanding climate-related surface soil moisture variability across different cli-
matic regions of Tiirkiye and offer useful insight for future hydrometeorological and
environmental assessments.
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1. Introduction

Soil moisture is a key variable governing land-atmos-
phere interactions, hydrological processes, and near-
surface energy exchange, and it represents the primary
control on how precipitation is partitioned into infiltra-
tion, runoff, and evapotranspiration. Numerous studies
emphasize that soil moisture responds sensitively to cli-
matic variability and precipitation dynamics, making it a
critical parameter for understanding environmental

processes across different climate zones (Sehler et al.
2019; Asano et al. 2023; Tang and Chen 2017). At longer
temporal scales, soil moisture persistence and memory
influence drought development, agricultural productiv-
ity, groundwater recharge, and ecohydrological feed-
backs (Gallagher and McColl 2025; Saadatabati et al.
2021). This sensitivity makes long-term soil moisture
datasets essential for national-scale climate assess-
ments, including Tirkiye, where hydro-climatic gradi-
ents vary sharply across regions.
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Previous global and regional investigations highlight
that precipitation anomalies are among the dominant
drivers of short-term surface soil moisture fluctuations,
while deeper soil layers integrate long-term climatic sig-
nals and partially buffer seasonal variability (Li et al.
2024; Chai etal. 2021). Coastal-inland contrasts, vegeta-
tion characteristics, and soil texture have also been
shown to modulate the magnitude and persistence of soil
moisture responses to rainfall events (Reinsch et al.
2024). In particular, surface wetness reacts rapidly to
rainfall inputs but decays through drainage and evapo-
transpiration, whereas profile soil moisture reflects cu-
mulative climatic forcing and is more relevant for
drought characterization and long-term hydrological
modeling (Afshar et al. 2022).

In Tirkiye, pronounced spatial variability in climate
from humid Black Sea conditions to continental eastern
plateaus and semi-arid southeastern regions leads to
distinct soil moisture regimes. Despite this diversity,
long-term soil moisture analyses remain limited, and ex-
isting studies largely focus on site-specific observations
or agricultural applications (Mammadov et al. 2026).
However, soil moisture is also a critical parameter in ge-
otechnical engineering, influencing bearing capacity, set-
tlement behavior, slope stability, frost-thaw processes,
and unsaturated soil mechanics. Consequently, under-
standing long-term soil wetness variability provides val-
uable insight into how climate-driven changes may affect
soil performance, infrastructure resilience, and land deg-
radation risk (Schwitalla et al. 2025).

Recent advances in satellite- and model-based soil
moisture products, together with reanalysis datasets
such as NASA POWER and CHRS PERSIANN, have ena-
bled consistent, multi-decadal assessments of soil mois-
ture dynamics at regional and national scales (NASA
Langley Research Center 2025; PERSIANN Data Portal
2024). These datasets facilitate the evaluation of precip-
itation-soil moisture coupling, temperature-driven dry-
ing effects, and long-term trends in near-surface hydro-
logical conditions with high temporal resolution
(Vaitkus et al. 2019). Accordingly, comparative analyses
across multiple cities representing different climatic re-
gimes offer a robust framework for characterizing soil
moisture behavior across Tirkiye (Erdag and Isik
2022).

Against this background, the present study aims to
quantify long-term soil moisture variability and its cli-
matic controls across seven representative cities in Tii-
rkiye over the 1 January 2005 to 1 January 2025 period.
Specifically, the study (i) evaluates city-based trends in
daily precipitation and surface soil wetness, (ii) exam-
ines long-term linear trends in surface soil wetness using
monthly aggregation, (iii) investigates precipitation-
surface wetness and temperature-surface wetness rela-
tionships with explicit coastal-inland comparisons, and
(iv) identifies the characteristic time lag (0-14 days) at
which precipitation exerts the strongest influence on
surface soil wetness. In addition, statistical summaries
and correlation analyses are provided for precipitation,
surface soil wetness, and profile soil moisture to distin-
guish short-term surface responses from longer-term
subsurface behavior. By integrating trend, correlation,
and lagged-response analyses within a unified frame-

work, this study provides a systematic, multi-city assess-
ment of climate-driven soil moisture dynamics in Tii-
rkiye, offering a reference dataset and methodological
baseline for future hydrological, agricultural, and ge-
otechnical applications.

2. Materials and Methods
2.1. Study area and selected cities

This study was conducted across seven cities repre-
senting different climatic regions of Tiirkiye: Ankara
(Central Anatolia), Kars (Eastern Anatolia), Sanlurfa
(Southeastern Anatolia), Rize (Black Sea), Istanbul (Mar-
mara), Izmir (Aegean), and Antalya (Mediterranean).
These locations exhibit substantial differences in precip-
itation patterns, temperature regimes, evaporation con-
ditions, and overall climatic variability, allowing a com-
parative evaluation of soil moisture responses under dis-
tinct climatic environments.

Such spatial variability provides a suitable framework
for assessing the climatic sensitivity of soil moisture,
which is an important parameter in geotechnical engi-
neering. In addition, since these cities represent areas
with intensive agricultural, urban, and infrastructure ac-
tivities, variations in both surface and profile soil mois-
ture may have implications for soil behavior, strength,
and deformation characteristics.

2.2. Description of datasets

A 20-year daily time series covering the period from
1 January 2005 to 1 January 2025 was used in this study
(NASA Langley Research Center 2025; PERSIANN Data
Portal 2024). The datasets were obtained from two pri-
mary sources. Daily precipitation data (P, mm) were ac-
quired from the PERSIANN system, while two-meter air
temperature (Tzm), surface soil wetness (GWETtop), and
profile soil moisture (GWETprof) were obtained from the
NASA POWER portal. The NASA POWER meteorological
parameters were retrieved from a global gridded dataset
with an approximate spatial resolution of 0.5° x 0.5°.
City-level values were extracted using the geographic co-
ordinates of the selected cities, representing point-based
grid estimates.

The availability of long-term datasets at daily resolu-
tion enabled the evaluation of soil moisture responses to
both short-term precipitation events and seasonal to in-
terannual climatic variability. The variables used in the
analysis are summarized below.

e Daily precipitation (P, mm): Precipitation represents
the primary water input to the soil system and di-
rectly influences surface soil moisture conditions.
Daily precipitation values were used to evaluate
short-term infiltration potential and soil wetting con-
ditions.

e Temperature at 2 m (Tzm): Daily air temperature
measured at a height of two meters was used to assess
evaporation potential, surface drying conditions, and
seasonal variability in soil moisture.

e Surface soil wetness (GWETtop): The GWETtop param-
eter represents surface soil moisture within an ap-



Erdag and Oztiirk Kardogan / Challenge Journal of Structural Mechanics (2026) 12(2) 101-114 103

proximate depth range of 0-5 cm. This variable re-
flects short-term moisture dynamics of the surface
layer and responds rapidly to precipitation events.
The values are normalized between 0 and 1 (0: com-
pletely dry, 1: fully saturated).

o Profile soil moisture (GWETprof): The GWETprot pa-
rameter represents a profile-averaged soil moisture
indicator derived from the NASA POWER dataset, re-
flecting the integrated moisture condition of the soil
profile. Unlike GWET:op, which describes near-surface
moisture dynamics, GWETprs characterizes deeper
soil moisture conditions associated with subsurface
layers and longer-term moisture storage.

2.3. Data processing and visualization

All climate and soil moisture variables (P, Tam,
GWET+0p, and GWETprof) were organized as daily time se-
ries covering the period from 1 January 2005 to 1 Janu-
ary 2025. During data preprocessing, date formats were
standardized and records with missing or physically im-
plausible values were removed. Physically implausible
records included negative precipitation values or incom-
plete entries. After preprocessing, city-specific time se-
ries were generated for each variable.

Surface soil moisture (GWETtop) and profile soil mois-
ture (GWETprof) were subsequently visualized over time
to examine their temporal variability. In addition, bivari-
ate plots were generated to evaluate the relationships
between climatic variables and soil moisture:

e Precipitation (P)-Surface Soil Wetness (GWETop)
e Precipitation (P)-Profile Soil Moisture (GWETyprof)
e Temperature (Tz2m)-Surface Soil Wetness (GWETop)

These plots were used to compare soil moisture re-
sponses under different climatic conditions across the
selected cities.

2.4. Classification of cities:
Coastal and inland regions

To distinguish climatic influences on soil moisture,
the selected cities were classified into two groups:
coastal and inland regions. Istanbul, izmir, Antalya, and
Rize were categorized as coastal cities, while Ankara,
Kars, and Sanlurfa were classified as inland cities.

Coastal cities generally experience higher humidity
and more frequent precipitation events, whereas inland
cities are characterized by greater temperature variabil-
ity and more pronounced dry periods.

This classification was used as a comparative frame-
work for evaluating soil moisture variability across dif-
ferent climatic settings

2.5. Statistical analyses and trend assessment

To quantitatively evaluate the relationships between
climatic variables and soil moisture, descriptive statis-
tics, correlation analyses, linear trend estimations, and
lagged correlation methods were employed in combina-
tion. All analyses were conducted on a city-specific basis,
followed by comparative evaluations between the
coastal and inland regional groups.

For each city, the mean, standard deviation, mini-
mum, and maximum values of daily precipitation (P,
mm), surface soil moisture (GWETop), profile soil mois-
ture (GWETprof), and two-meter air temperature (Tzm)
were calculated. To identify the linear relationships be-
tween climatic variables and soil moisture, the Pearson
correlation coefficient (r) was employed. The Pearson
correlation coefficient is defined as follows (Castaldi et
al. 2015);

Y i, (=D (Yi-5)

r =
JZ?=1(Xi—f>2J Y =52

1)

where x; and y; represent the paired observations of the
two variables, X and y denote their respective mean val-
ues, and n is the number of observations.

Long-Term Trend Analysis to assess long-term varia-
tions in surface soil moisture, daily GWET:,, data were
aggregated into monthly mean values. Linear trends
were estimated using the ordinary least squares (OLS)
method based on the following linear model (Kumar et al.
2024), and the statistical significance of the trends was
evaluated using p-values derived from the OLS regres-
sion, while potential seasonality and autocorrelation in
the time series are acknowledged as possible limitations.

GWET,op(t) = a + bt (2)

Here, GWET+wp(t) represents the surface soil moisture
at a given time step (monthly), a denotes the intercept,
and b is the slope coefficient. The trend coefficients are
expressed in terms of change per decade and are sum-
marized in Table 2.

Lagged Correlation Analysis to determine the lagged
effect of precipitation on surface soil moisture, the daily
precipitation time series P(t) was correlated with the
surface soil moisture series GWET1wop(t) using time lags
(7) ranging from 0 to 14 days. Within this framework, the
lagged correlation was defined as follows (Na et al.
2021);

r(t) = corr[P(t — 1), GWET,, (t)] 3)

For each lag step, the Pearson correlation coefficient
was calculated, and the lag duration corresponding to
the maximum correlation value was defined as the effec-
tive lag for the respective city. These results are pre-
sented on a city-by-city basis in Table 3. In addition,
mean lagged correlation coefficients were computed for
the coastal and inland groups, and precipitation GWETop
lag-response curves were constructed.

3. Results

Fig. 1 illustrates that daily precipitation in Ankara
during the 1 January 2005 to 1 January 2025 period ex-
hibits high temporal variability. Precipitation generally
occurs as short-duration and irregular peaks, with pro-
longed low-precipitation or dry periods coexisting with
abrupt rainfall events. This behavior indicates that, con-
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sistent with Ankara’s continental climate characteristics, decreasing trend is apparent in the daily precipitation
precipitation is predominantly event-based rather than series, the periodic recurrence of high-intensity isolated
continuous. Although no visually dominant increasingor  rainfall events is noteworthy.
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Fig. 1. Daily precipitation trend for Ankara.

Fig. 2 shows that daily precipitation in Antalya is dis- itation are predominant, whereas infrequent but high-
tinctly episodic and dominated by high-intensity events. impact rainfall events exert a primary control on the
In particular, the occurrence of very high precipitation overall precipitation regime. This pattern suggests a hy-
peaks on individual days reflects the short-duration but ~ drometeorological setting in which surface soil mois-
intense rainfall characteristics typical of the Mediterra- ture may exhibit abrupt increases followed by rapid de-
nean climate. Over the long term, days with low precip- clines.
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Fig. 2. Daily precipitation trend for Antalya.
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Fig. 3 indicates that daily precipitation in Istanbul ex-
hibits a more evenly distributed pattern throughout the
year, with moderate-intensity rainfall events being dom-
inant. Although precipitation generally occurs as short-
duration peaks, the rainfall regime is noticeably more
regular and continuous compared to Ankara and An-
talya. This behavior reflects the transitional climatic
characteristics of the Marmara Region and provides a
basis for a more balanced temporal variation in surface
soil moisture. Over the long term, the limited occurrence
of extreme isolated rainfall events contributes to a hy-
droclimatic setting in which surface soil moisture is
more likely to exhibit gradual changes rather than ab-
rupt and sharp fluctuations.

Fig. 4 shows that daily precipitation in Izmir exhibits
a distinctly seasonal and event-driven distribution.
While precipitation generally occurs within the low-to-
moderate intensity range, the presence of high-intensity
isolated rainfall events during specific periods reflects
the Mediterranean-influenced climatic characteristics of
the Aegean Region. Over the long term, the predomi-
nance of short-duration precipitation peaks rather than
sustained rainfall suggests a hydroclimatic setting in
which surface soil moisture is characterized by rapid
post-rainfall increases followed by subsequent drying
phases. This behavior indicates that, in {zmir, surface soil
moisture may be highly sensitive to precipitation yet
limited in its persistence over time.
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Fig. 3. Daily precipitation trend for istanbul.
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Fig. 4. Daily precipitation trend for izmir.
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Fig. 5 reveals that daily precipitation in Kars exhibits
pronounced seasonality, with low-precipitation days
dominating much of the year. Precipitation generally oc-
curs as short-duration and moderate-intensity events,
while isolated high-intensity rainfall peaks, particularly
during the summer months, are also evident. Consistent
with the continental climatic conditions of Eastern Ana-
tolia, extended dry periods between precipitation events
create a hydroclimatic setting in which surface soil mois-
ture is likely to increase only for limited durations and re-
main at low levels for most of the year. This pattern sug-
gests that the surface soil moisture response to precipita-
tion is rapid but characterized by limited persistence.

Fig. 6 demonstrates that daily precipitation in Rize ex-
hibits a high-frequency and persistent distribution
throughout the year. Under the influence of the Black Sea
climate, precipitation is predominantly of low to moder-
ate intensity, although episodic high-intensity peaks are
also observed. Compared to the other cities, the limited
number of dry days indicates a hydroclimatic setting that
allows surface soil moisture to be maintained at rela-
tively stable and elevated levels. This pattern suggests
that, in Rize, surface soil moisture responds rapidly to
precipitation, while drying phases tend to be shorter in
duration.
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Fig. 5. Daily precipitation trend for Kars.
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Fig. 7 indicates that daily precipitation in Sanliurfa ex-
hibits a distinctly low-frequency and highly variable
character. Precipitation generally occurs in very small
amounts; however, rare periods of high-intensity iso-
lated rainfall events are also evident. Consistent with the
semi-arid climatic conditions of Southeastern Anatolia,
prolonged dry periods cause surface soil moisture to re-
main at low levels for much of the time. This precipita-
tion regime reflects a hydroclimatic setting in which the
surface soil moisture response to rainfall is short-lived
and limited, while drying processes are dominant.

70

Fig. 8 shows that surface soil moisture in the coastal
cities (Antalya, istanbul, izmir, and Rize) exhibits a pro-
nounced seasonal cycle and remains at relatively high
mean levels throughout the year. While Rize is distin-
guished from the other coastal cities by persistently high
and stable moisture values, Izmir and Antalya display
noticeable drying periods during the summer months.
Nevertheless, within the coastal group, intra-annual fluc-
tuations in surface soil moisture are limited, and a gen-
erally stable moisture regime is maintained over the
long term. This pattern highlights the moderating role of
precipitation continuity and maritime climatic influence
in regulating surface soil moisture in coastal regions.
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Fig. 7. Daily precipitation trend for Sanlurfa.
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Erdag and Oztiirk Kardogan / Challenge Journal of Structural Mechanics (2026) 12(2) 101-114

108

Fig. 9 shows that surface soil moisture in the inland cit-
ies (Ankara, Kars, and $anliurfa) exhibits lower mean val-
ues and higher temporal variability compared to the
coastal cities. In particular, prolonged low-moisture condi-
tions and pronounced seasonal minima are evident in
Sanlurfa, while moisture levels in Ankara and Kars fluctu-
ate over a wide range throughout the year. This pattern in-
dicates that continental and semi-arid climatic conditions
exerta dominant control on surface soil moisture, with dry-
ing processes being more pronounced in inland regions.

Fig. 10 indicates a pronounced yet saturating relation-
ship between daily precipitation and surface soil mois-

1

ture in the coastal cities. At low precipitation values,
GWET:op exhibits a rapid increase, whereas with increas-
ing precipitation, surface soil moisture approaches an
upper limit and displays a diminishing rate of increase.
In Rize and istanbul, relatively high GWET:p values are
maintained even under low precipitation conditions due
to elevated initial moisture levels, while precipitation
sensitivity is more pronounced in izmir and Antalya.
This behavior suggests that, in coastal regions, surface
soil moisture is sustained not only by precipitation but
also by precipitation continuity and persistently humid
atmospheric conditions.
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Fig. 9. Long-term variation of surface soil wetness (GWETtop, 0-5 cm) for inland cities
(Ankara, Kars, and Sanliurfa) over the 1 January 2005 to 1 January 2025 period.
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for coastal cities (Antalya, Istanbul, [zmir, and Rize) over the 1 January 2005 to 1 January 2025 period.
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Fig. 11 shows that the relationship between daily pre-
cipitation and surface soil moisture in the inland cities
exhibits greater scatter and higher variability. Under low
precipitation conditions, GWETwp values are distributed
over a wide range, and even with increasing precipitation,
surface soil moisture does not consistently reach high lev-
els. In Sanlurfa, the precipitation-moisture relationship is
weaker due to low initial moisture and high drying poten-
tial, whereas in Ankara and Kars, precipitation-driven in-
creases are more evident but discontinuous. This pattern
indicates that, under continental and semi-arid climatic
conditions, surface soil moisture increases rapidly fol-
lowing rainfall but declines shortly thereafter.

Fig. 12 indicates a pronounced inverse relationship
between surface soil moisture and air temperature in the
inland cities (Ankara, Kars, and Sanliurfa). As tempera-
ture increases, GWET:op generally exhibits a decreasing
trend, with surface soil moisture dropping to very low
levels at high temperatures, particularly in Sanlurfa. In
Ankara and Kars, although the temperature-moisture
relationship displays greater scatter, drying tendencies
remain dominant at elevated temperatures. This pattern
highlights the controlling role of evaporative processes
on surface soil moisture under continental and semi-arid
climatic conditions.
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Fig. 11. Scatter relationship between daily precipitation (P, mm) and surface soil wetness (GWETop, 0-5 cm)
for inland cities (Ankara, Kars, and Sanlurfa) over the 1 January 2005 to 1 January 2025 period.
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Fig. 13 shows that, despite increasing air tempera-
ture, surface soil moisture in the coastal cities (Antalya,
Istanbul, izmir, and Rize) remains at higher and more
stable levels compared to the inland regions. In Rize and
Istanbul, GWETwp values are maintained at relatively
high levels across a wide temperature range, reflecting
the moisture-buffering effect of the maritime climate. In

contrast, Izmir and Antalya exhibit a more pronounced
decrease in surface soil moisture with increasing tem-
perature; however, this decline remains more limited
than that observed in inland cities. This pattern indicates
that, in coastal regions, the influence of temperature on
surface soil moisture is partially offset by precipitation
continuity and elevated atmospheric humidity.
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Fig. 13. Scatter relationship between air temperature at 2 m (T2m) and surface soil wetness (GWETtop, 0-5 cm)
for coastal cities (Antalya, Istanbul, Izmir, and Rize) over the 1 January 2005 to 1 January 2025 period.

Table 1 summarizes the basic statistics and correla-
tion results of precipitation, temperature, and soil mois-
ture parameters on a city-by-city basis. Total precipita-
tion amounts and the frequency of rainy days are higher
in the coastal cities, particularly Rize and [stanbul, which
is associated with higher mean values of both surface and
profile soil moisture. In contrast, in warmer and relatively
drier regions such as Sanliurfa and Antalya, the mean val-
ues of GWETwp and GWETyrof remain at lower levels.

The correlations between precipitation and surface
soil moisture exhibit weak positive values across all cit-

ies (corr(P, GWETwp) = 0.04-0.12), indicating that sur-
face soil moisture is not solely controlled by daily precip-
itation amounts but is also strongly influenced by evap-
orative processes and antecedent moisture conditions.
In contrast, the relationship between air temperature
and surface soil moisture shows a pronounced negative
correlation in all cities (corr(Tzm, GWETwp) = -0.35 to
-0.84). The strongest negative relationships are ob-
served in Rize, Istanbul, and Sanlurfa, highlighting that
temperature-driven evaporation acts as a dominant con-
trol mechanism on surface soil moisture.

Table 1. Basic statistics and correlation results of precipitation, temperature, and soil moisture for the selected cities.

City Ptotal(mm) Wet-day frequency (P>0.1 mm) Tam (°C) GWETwp  GWETpt  corr(P, GWETwp)  corr(Tzm, GWETop)
Ankara 4139.98 0.251 10.607 0.5 0.545 0.068 -0.634
Antalya 4031.25 0.189 17.779 0.46 0.485 0.119 -0.739
istanbul 4736.07 0.249 15.123 0.697 0.816 0.107 -0.815
[zmir 4286.2 0.208 17.507 0.521 0.565 0.106 -0.719
Kars 6581.8 0.341 5.828 0.459 0.453 0.106 -0.346
Rize 7000.24 0.313 10.937 0.756 0.741 0.04 -0.835
Sanliurfa 2029.22 0.167 18.041 0.426 0.548 0.078 -0.806
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Overall, Table 1 indicates that temperature exerts a
stronger control on surface soil wetness than daily pre-
cipitation across both coastal and inland regions. Table 2
summarizes the linear trends calculated based on
monthly aggregated data, expressed as rates of change
per decade. Positive trends were obtained for air tem-
perature (Tzm) in all cities, with increase rates ranging
from approximately 0.63 to 0.94 °C per decade. How-
ever, the associated p-values indicate that the statistical
significance of these temperature trends is limited and
varies among cities.

Precipitation trends exhibit pronounced spatial varia-
bility. Positive precipitation trends are observed in the
coastal cities (Istanbul, izmir, and Rize), whereas a de-

creasing trend is evident in Kars. Nevertheless, precipita-
tion trends are not statistically significant in most cities.

Trends in surface soil moisture (GWET:wp) are gener-
ally negative, with more pronounced decreases calcu-
lated for Ankara, Antalya, and Kars. In contrast, positive
surface soil moisture trends are observed in Rize and
Sanlurfa. Profile soil moisture (GWETrf) trends display
a similar pattern, showing significant decreases in An-
kara, Antalya, and Kars, while increasing trends are esti-
mated for Rize and Sanhurfa. These results suggest that
long-term temperature increases impose increasing
stress on soil moisture in many regions; however, re-
gion-specific climatic conditions lead to differentiated
responses in coastal and semi-arid areas.

Table 2. Linear trends (per decade) derived from monthly aggregated data.

Trend(Tzm) Trend(P)

Trend(GWETtop) Trend(GWETprof)

iy (°C decade-1) PTzm (mm decade 1) PP (decadel) B (decade1) D
Ankara 0.8357 0.3851 13.206 0.7503 -0.0319 0.0569 -0.0246 0.0026
Antalya 0.8238 0.3421 12.537 0.7962 -0.0329 0.0468 -0.0317 0.0209
istanbul 0.7417 0.327 2.749 0.5171 -0.0062 0.6695 -0.0066 0.3311
[zmir 0.709 0.361 28.737 0.5273 -0.0261 0.2269 -0.0204 0.1713
Kars 0.9437 0.3715 -50.872 0.2957 -0.0402 0.0 -0.0326 0.0
Rize 0.6726 0.4017 32.301 0.4909 0.0212 0.0942 0.021 0.094
Sanliurfa 0.6334 0.5715 13.657 0.7268 0.032 0.2281 0.0283 0.0177

The trend analysis indicates that long-term warming
represents a consistent signal across all cities, whereas
precipitation and soil moisture trends exhibit strong re-
gional variability. Table 3 summarizes, on a city-by-city
basis, the time lag at which the effect of daily precipita-
tion on surface soil moisture is maximized. The results
show that, in all cities, the precipitation-surface soil
moisture relationship reaches its maximum strength at
very short lag times (0-1 day). In Antalya, the highest
correlation is observed on the day of precipitation occur-
rence (lag = 0), whereas in all other cities, surface soil
moisture exhibits its strongest response one day after
precipitation (lag = 1).

The fact that the maximum correlation coefficients re-
main low but positive across all cities (r = 0.05-0.12) in-
dicates that surface soil moisture responds rapidly to
precipitation, yet this effect is short-lived and limited in
magnitude. This finding further suggests that surface soil
moisture is not governed solely by precipitation
amounts but is also strongly influenced by antecedent
moisture conditions and evaporative processes.

Overall, the lag analysis confirms that surface soil
wetness responds rapidly to precipitation inputs, with
limited persistence beyond one day across both coastal
and inland regions. Fig. 14 shows that the lagged corre-
lation between precipitation and surface soil moisture
reaches its maximum at very short lag times for both re-
gional groups. For both coastal and inland cities, the
highest correlation values are observed within the first
1-2 days following precipitation, after which the corre-
lation gradually decreases with increasing lag time. At
short lags, correlation values are slightly higher in the

coastal regions than in the inland regions, indicating that
wetter antecedent conditions enhance the rapid surface
moisture response to precipitation. As lag time in-
creases, the difference between the two groups dimin-
ishes, further demonstrating that the surface soil mois-
ture response is short-lived in both climatic settings.

Table 3. City-specific lag (0-14 days) at which
precipitation exerts the strongest influence
on surface soil moisture.

City Lagdays corr(Plag, GWETop)
Ankara 1 0.077
Antalya 0 0.119

Kars 1 0.117

Rize 1 0.053
Sanliurfa 1 0.082
Istanbul 1 0.117

[zmir 1 0.11

Fig. 15 shows that, in the coastal cities, the relation-
ship between precipitation and surface soil moisture ex-
hibits a saturating behavior with a limited rate of in-
crease. Atlow precipitation amounts, GWETtop values are
distributed over a wide range, whereas with increasing
precipitation, surface soil moisture approaches an upper
bound and the rate of increase diminishes. This scatter
pattern indicates that, in coastal regions, surface soil
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moisture is controlled not only by precipitation amounts
but also by high antecedent moisture levels and persis-
tently humid atmospheric conditions. The clustering of

surface soil moisture values around an upper limit even
on rainy days further suggests that the persistence of
surface moisture is limited.

Lagged correlation: precipitation - surface wetness (mean across cities)
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Fig. 14. Lagged correlation between daily precipitation and surface soil wetness (GWET:op, 0-5 cm),
averaged across coastal and inland city groups, for lag times ranging from 0 to 14 days.
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Fig. 15. Relationship between daily precipitation (P, mm) and surface soil wetness (GWETop) for coastal cities.

4., Discussion

This study provides a comparative assessment of
long-term surface soil moisture dynamics across coastal
and inland climatic regions of Tiirkiye by jointly evaluat-
ing precipitation, temperature, surface soil wetness, and
profile soil moisture over a 20-year period. The results
highlight that soil moisture behavior is governed by a
combination of short-term precipitation inputs and per-
sistent climatic controls, with clear contrasts between
coastal and inland settings.

Daily precipitation analyses demonstrate pronounced
regional variability, with coastal cities exhibiting more
frequent rainfall events and inland cities characterized
by episodic and highly variable precipitation regimes.
Despite these differences, the correlation analyses re-
veal that daily precipitation alone explains only a limited
fraction of surface soil moisture variability. The consist-
ently weak positive correlations between precipitation
and GWET:wp across all cities indicate that surface soil
wetness responds rapidly to rainfall but lacks persis-
tence, particularly under conditions of high evaporative
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demand. This finding is consistent with previous studies
reporting that surface soil moisture is strongly influ-
enced by antecedent conditions and atmospheric con-
trols rather than by rainfall magnitude alone. Although
precipitation shows a positive association with surface
soil wetness, the relatively low correlation magnitudes
indicate that precipitation alone explains only a small
fraction of the observed variability in GWETtop.

In contrast, air temperature emerges as a dominant
control on surface soil moisture across both climatic
groups. The strong and consistent negative correlations
between Tzm and GWETtop, particularly in inland and semi-
arid regions, emphasize the role of temperature-driven
evapotranspiration in regulating near-surface soil mois-
ture. Inland cities such as Sanliurfa and Ankara exhibit
pronounced drying under elevated temperatures, reflect-
ing limited moisture retention and rapid post-rainfall de-
pletion. Coastal cities, while also showing temperature-
related drying trends, maintain comparatively higher
and more stable surface moisture levels, likely due to
maritime humidity and more frequent precipitation.

Long-term trend analysis further supports these in-
terpretations. While a warming signal is observed con-
sistently across all cities, trends in precipitation and soil
moisture display substantial regional variability. Nega-
tive trends in surface and profile soil moisture in several
inland and Mediterranean-influenced cities suggest in-
creasing susceptibility to drying under ongoing climatic
warming. Conversely, positive or near-neutral soil mois-
ture trends in regions such as Rize highlight the moder-
ating influence of persistent rainfall and humid atmos-
pheric conditions. These contrasting responses under-
line the importance of regional climate context when in-
terpreting soil moisture trends and their implications.

The lagged correlation analysis indicates that surface
soil moisture responds to precipitation with minimal de-
lay, typically within zero to one day, across all cities. This
rapid response confirms that GWETwp primarily cap-
tures short-lived wetting events rather than longer-term
storage effects. The limited persistence beyond one day
reinforces the interpretation that surface soil moisture is
highly sensitive to evaporative losses, particularly in in-
land regions. Coastal cities exhibit slightly higher early-
lag correlations, reflecting more favorable antecedent
moisture conditions, yet the overall transient nature of
the response remains evident.

From a broader perspective, these findings also have
implications for geotechnical and infrastructure-related
processes. Variations in near-surface soil moisture influ-
ence infiltration behavior, pore-water pressure develop-
ment, and soil shear strength, which are key factors con-
trolling slope stability and soil-structure interaction. In
regions where precipitation events rapidly affect surface
wetness, short-term wetting followed by rapid drying
may modify soil stiffness, bearing capacity, and settle-
ment behavior, particularly in fine-grained soils. The ob-
served coastal-inland contrasts therefore suggest that
climate-driven changes in soil moisture may differen-
tially influence soil performance and geotechnical stabil-
ity across Tirkiye. Incorporating long-term soil mois-
ture variability into regional assessments may therefore
support improved evaluations of climate resilience in
both natural slopes and engineered infrastructures.

5. Conclusions

This study investigated long-term soil moisture vari-
ability and its climatic controls across seven representa-
tive cities in Tiirkiye using daily precipitation, air tem-
perature, surface soil wetness, and profile soil moisture
data for the 1 January 2005 to 1 January 2025 period.
Based on the analyses conducted, the following conclu-
sions can be drawn:

e Pronounced coastal-inland contrasts were identified
in precipitation regimes and surface soil moisture be-
havior, with coastal regions exhibiting more frequent
rainfall and more stable moisture conditions, while
inland regions showed higher variability and ex-
tended dry periods.

¢ Daily precipitation exhibited only weak positive cor-
relations with surface soil wetness, indicating that
rainfall alone is insufficient to explain surface mois-
ture variability and that antecedent moisture and at-
mospheric conditions play a significant role.

e Air temperature was found to exert a stronger and
more consistent control on surface soil wetness than
precipitation, as evidenced by robust negative corre-
lations across all cities, particularly in inland and
semi-arid regions.

¢ Long-term warming trends were observed across all
cities, whereas trends in precipitation and soil mois-
ture varied regionally, highlighting differential cli-
matic sensitivity among coastal and inland environ-
ments.

e Lagged correlation analysis showed that surface soil
wetness responds rapidly to precipitation, with max-
imum influence occurring within zero to one day, con-
firming the transient nature of near-surface moisture
dynamics.

The relatively low precipitation-surface wetness cor-
relations and short lag times may partly reflect the nor-
malized nature of the GWETwp parameter and the com-
bined influence of antecedent soil moisture conditions,
evapotranspiration processes, soil properties, and rain-
fall intensity on near-surface moisture dynamics.

Overall, the results demonstrate that surface soil
moisture across Tiirkiye is primarily governed by short-
term wetting events combined with temperature-driven
drying processes, with regional climate conditions mod-
ulating the magnitude and persistence of these re-
sponses. The integrated framework presented in this
study provides a robust basis for future investigations
into climate-soil interactions and offers valuable in-
sights for hydrological, agricultural, and geotechnical ap-
plications under changing climatic conditions.
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