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ABSTRACT
Objective: To estimate the surface water balance in the Chapingo River microbasin in the years 2014, 2016, 
2017, and 2018, based on information collected on rainfall and runoff, the use of interception simulation 
models, and the estimation of the of infiltration as a remainder of the balance.
Design/Methodology/Approach: During the 2014, 2016, 2017, and 2018 wet seasons, the water balance in 
water depth was estimated based on rainfall and runoff data, mathematical interception simulation models, 
and estimation of infiltration as a remainder of the balance.
Results: The highest interception rate was recorded in 2014, with a shorter range and lower dispersion 
of rainfall, while the lowest interception occurred in 2018 with opposite rainfall characteristics. A linear 
relationship was found, in two years, between rainfall and surface runoff with R2 greater than 0.81. The 
interception rate was lower in the oyamel fir forest (7.7-9.3%), while the variation in interception between 
grasslands, pine forests, oak forests, and agricultural areas ranged from 20% to 23%. The remaining infiltration 
water represented between 85.5% and 88.2% of the rainfall.
Study Limitations/Implications: Determining the temporal evolution of the interception and humidity in 
the soil is necessary to specify the potential recharge to the aquifer.
Findings/Conclusions: Interception is the main vehicle by which water reaches the ground in areas covered 
by vegetation. Rainfall intensity has a negative impact on interception and infiltration. The basin under study 
offers a high recharge potential to the Texcoco aquifer.

Keywords: Hydrology, land-use, intensity, rainfall characteristics, aquifer.

INTRODUCTION
 The Water Balance (WB) is the evaluation of the water cycle variables (rainfall, 
evapotranspiration, runoff, infiltration, and interception) and is calculated at different 
observation scales (Sokolov and Chapman, 1974; Xu and Singh, 1998). Rainfall goes 
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through two fundamental processes: interception by the canopy and infiltration into the 
soil. Runoff occurs when rainfall exceeds the retention capacity in these two processes. In 
basins with abundant vegetation, the joint study of rainfall and evapotranspiration allows 
the modeling of hydrological operations (Sun et al., 2018). Although evapotranspiration 
(ET) accounts for approximately 40% of the annual accumulated rainfall in temperate 
climate basins (Shimizu et al., 2003), it is not linked with other elements and, in the absence 
of rain, most of the water accounted through this method comes from interception (Savenije, 
2004). Therefore, during a rain event, the ET can be omitted and the WB elements can be 
listed as: rainfall, interception, infiltration, and runoff.
 At the beginning of a rain event, vegetation retains most of the water (Gerrits et al., 2007; 
Savenije, 2004). In small rain events, water is stored in the leaves and afterwards evaporates 
and returns to the atmosphere. When it exceeds the storage capacity of the canopy, it 
falls to the ground as drops and flows downwards through the stems (Muzylo et al., 2009; 
Sadeghi et al., 2015); therefore, the water depth retained and conducted in these processes 
depends on the type of plant and the morphology of the canopy (Magliano et al., 2022). 
Although the interception accounts for 20% to 50% of the total rainfall on average (Gerrits 
et al., 2007), other processes are generally used for its estimation, given the lack of data 
and the complexity of this process. The interception rate is different between ecosystem 
components: in temperate forests, it varies from 18% to 60% of the total rainfall (Bolaños-
Sánchez et al., 2021; Chen et al., 2013; Flores et al., 2016), in grasslands it approaches 50% 
and even reaches 100%, depending on the intensity of the rain (Dyer et al., 2022; Ochoa-
Sánchez et al., 2018), and in agricultural covers (specifically, corn) its value ranges from 
12% to 45% of the total rainfall (Liu et al., 2015; Ma et al., 2016; Zheng et al., 2018).
 Both rainfall and runoff (which can be obtained more easily) and, to a lesser extent, 
interception and infiltration are variables that can be measured to establish explanatory 
relationships. The simplest approach to WB is to calculate runoff as a fraction of rainfall 
(Machado et al., 2022). To improve the accuracy of the mathematical models, land cover 
and use variables are used, along with simplifications of the hydrodynamic characteristics 
of the soil. The use of these variables results in simple models, such as the curve number 
(NRCS, 2004), although they do not consider the effect of the interception.
 Rain events consists of an initial phase where interception predominates, followed by 
runoff, which occurs out of phase in time but can be integrated on a daily basis. Therefore, 
the objective of this research was to estimate the surface water balance in the Chapingo 
River microbasin in the years 2014, 2016, 2017, and 2018, based on information collected 
on rainfall and runoff, the use of mathematical simulation models of canopy interception, 
and estimation of infiltration as a remainder of the balance.

MATERIALS AND METHODS
 The Chapingo River microbasin is located in Texcoco, State of Mexico. Its limits are 
located at 525,057 E, 512,018 W, 2,155,257 N, and 2,147,639 S (UTM 14 N). It has a 
total area of 1,725.78 ha. The Series VI land-use and vegetation chart was used at a scale 
of 1:250,000 (INEGI, 2017). The said chart groups five representative sets by dominant 
vegetation type: rainfed agriculture (18%), pine (Pinus hartwegii) forest (25%), oak (Quercus 
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laurina) forest (17%), oyamel fir (Abies divino) forest (7%), grassland (13%), and other coverage 
(20%). The last type includes human settlement polygons, mines, and water bodies.
 In the wet season, rainfall records were obtained from two meteorological stations, 
located in the upper part (Davis® station) and the middle part (Hobo® station) of the study 
area. The information was integrated on a daily basis, determining the rainfall every 24 
hours, grouped by year of observation.
 Surface runoff was recorded at four gauging stations located in the main bed: one in the 
outlet, another in the lower part, and two more in the middle of the basin. The data were 
used at the same temporal resolution as rainfall.
 Canopy rainfall interception models were used to calculate the interception fraction (%). 
In the formulations, the intercept (I) is expressed as a percentage (%) and the precipitation 
(P) in millimeters (mm).
 The Zheng et al. model was used for agricultural coverage (2018):

 I  96.642P0.733  (1)

 The model of the rainfall-interception ratio in a temperate pine forest —obtained 
under similar conditions by Bolaños-Sánchez et al. (2021)— was adapted to express the 
intercepted values as a fraction of the rainfall:

 I  32.065e0.066P  (2)

 On the surface covered by oak trees, the model developed by Flores et al., (2016) in the 
same microbasin was used:

 I  6.1571 ln P  31.83  (3)

 The interception simulation on the surface covered by oyamel firs was carried out 
based on an adaptation of the model developed by Bolaños-Sánchez et al. (2021) in the 
same biome:

 I  58.765e0.094P  (4)

 The grassland interception was obtained with the annual grass model (Corbett and 
Crouse, 1968):

 I  (P  58.7375) / 31.25  (5)

 The results of the modeling of the interception fraction were converted to water depth 
(intercepted per event) to integrate the water balance into the temporal resolution of the 
analysis period.
 The infiltration was estimated simplifying the continuity equation:
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 Inf  P  I  SR (6)

Where: Inf is the infiltration (mm); P is rainfall (mm); I is the interception (mm); and SR is 
the surface runoff.

 The components of the 24-hour water balance were integrated annually for their 
analysis. Information was used from some rainfall events during which surface runoff had 
been recorded in four years: 8 in 2014 (August-October), 15 in 2016 (May-August), 8 in 
2017 (May-August), and 12 in 2018 (August), with a daily rainfall of 0.8-20.6 mm, 1.1-34.6 
mm, 6.9-36.9 mm, and 0.5-45.2 mm, respectively.

RESULTS AND DISCUSSION
 The rainfall events analyzed are representative of the rainfall regime of the study site; 
as shown in Figure 1, there was variability in daily precipitation, with water depths close to 
unity and extreme water depths similar to those reported by the SMN (2023). The average 
precipitated water depths of the 2014, 2016, 2017, and 2018 events were 11.5 mm, 14.1 
mm, 16.5 mm, and 14.6 mm, respectively, while the standard deviations were 6.8 mm, 9.7 
mm, 9.6 mm, and 13.6 mm for the same events.
 The resulting water balance showed variations in the distribution of rainfall among 
infiltration, surface runoff, and canopy retention (Table 1). The rainfall interception 
fraction had variations of 9% to 12% in the four years, obtaining the highest value in 2014. 
Although the highest average rainfall in 24 h was recorded in 2017, the lowest interception 
rate (9.3%) was reported in 2018, as a consequence of the high dispersion of the rain events. 
Four events were above the 50% average and one reached 200%. Under these conditions, 
the rain saturated the retention capacity of the canopy and water was directly transferred 
to the soil surface.
 The relative partitioning of rainfall was lower when rainfall intensity increased. These 
results are similar to the findings of Gerrits et al. (2007), given that the interception capacity 
of the vegetation remains constant. When there are high levels of rainfall in 24 h, the 

Figure 1. Studied rain events (mm).
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Table 1. Elements of the water balance with percentage partitions of rainfall.

Component
2014 2016 2017 2018

(mm) (%) (mm) (%) (mm) (%) (mm) (%)
Rainfall 92.0 198.7 132.1 174.9
Infiltration 78.7 85.5 175.2 88.2 115.6 87.5 153.7 87.9
Surface runoff 2.0 2.2 2.0 1.0 3.7 2.8 5.2 3.0
Canopy Interception 11.3 12.3 21.6 10.9 12.8 9.7 16.3 9.3

canopy quickly reaches storage saturation and the interception ratio decreases. From that 
moment onwards, the water that enters the system is distributed only between low-density 
infiltration and runoff. In vegetation areas, if the intensity of rainfall exceeds the soil 
infiltration rate, water is lost through runoff. Under these conditions, infiltration depends 
on the canopy’s capacity to transmit water to the soil surface; therefore, infiltration is 
dependent on interception. Infiltration only occurs at low rainfall rates when the soil is 
devoid of vegetation; meanwhile, when the intensity exceeds the infiltration capacity of 
the soil, runoff occurs regardless of the wetting of the soil profile. Shrubs and species 
with rough bark have a higher interception rate than trees and species with smooth bark 
(Magliano et al., 2022). Therefore, the interception rate variation depends on the structure 
and composition of the land cover and use.
 The relationship between rainfall and surface runoff had a decoupled behavior: the 
fraction of instantaneous runoff varied from 1% (2016) to 3% (2018). The differential 
behavior between rainfall and runoff can be taken as an indication of the spatial distribution 
of rainfall events. The rainfall and runoff data were analyzed with the linear regression 
method, finding in all cases a positive slope. However, the adjustment was low, since the R2 
for 2014, 2016, and 2018 was 0.21, 0.49, and 0.10, respectively. Meanwhile, the coefficient 
of determination for 2017 was high (0.92), mainly because the rains were of low intensity —
apart from one event that was 100% higher than the average. In 2018, the extreme rainfall 
events of August 10 (27.8 mm) and August 11 (45.2 mm) produced low runoff rates; when 
they were omitted from the rainfall-runoff analysis, the correlation of these two variables 
reached an R2 of 0.81. This behavior is a result of the spatial distribution of rainfall, since 
the information recorded by the two meteorological stations located inside the basin (upper 
part and middle part) probably did not represent the homogeneous spatial behavior of 
rainfall expected for a small basin.
 Infiltration was estimated as a remnant of the effects of interception and surface runoff, 
recording an 85.5-88.2% average. Since the mathematical interception models used herein 
have high proportional values regarding small rain events, when the rainfall depth is 
greater than 20 mm, interception does no longer condition the balance and gives way to 
the infiltration. However, if the intensity per rain event is very high, most of the water is 
distributed by runoff from the initial stages of the event.
 The pine forest (Figure 2) was the cover with the highest interception percentage (22.0-
25.5%); these results are similar to the values reported by Bolaños-Sánchez et al. (2021) for 
a Pinus hartwegii forest (23.4%). Secondly, rainfed agriculture had values between 22.9% 
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and 24.1%, which contrasted with the findings of Zheng et al. (2018), who recorded 12.5% 
in corn crops, with an intensity of 23.1 mm per rain event and high dispersion of rainfall 
depths, which ranged from 1.9 mm to 87.8 mm per event. In third place was the oak forest 
with percentages ranging from 21.4% to 23.4%, which match the 21.7% reported by Flores 
et al. (2016) for an oak (Quercus laurina) forest. The grassland had interception percentages 
ranging from 19.9% to 22.8%, higher than the 12.6% annual value reported for grasslands 
(Corbett, 1968). The high interception values are the result of the structure and high 
density of leaves (Corbett & Crouse, 1968; Ochoa-Sánchez et al., 2018). Finally, the oyamel 
fir forest was the land-use with the lowest interception percentage, with values (7.7-9.3%) 
below the 37.6% reported in a forest of the same kind in Mexico (Bolaños-Sánchez et al., 
2021). These results pertain only to rain events within the wet season; atypical rains outside 
this period have a different behavior, as a consequence of the variation in the composition 
of the canopy, especially in deciduous ecosystems. However, the models described in this 
study lack information for seasonal modeling.
 The infiltration values were proportionally high and contributed to filling the storage 
capacity of the soils. However, in an annual water balance, evapotranspiration becomes a 
highly relevant element, particularly when the type of coverage is taken into consideration. 
Mature forests reach high evapotranspiration rates, mainly in the absence of rain events 
and in the dry season (Nicholls and Carey, 2021). Therefore, most of the water stored by 
ecosystems in the basins during rain events is consumed by vegetation, leaving a small 
portion for the recharge of deep aquifers.
 The pine forest, oak forest, rainfed agriculture, and grassland land-uses had a similar 
interception percentage, with an approximately 5% variation between their values.
 The differences between the results of this research and those reported in other studies 
are attributed to the effect of climatological variations (Herwitz A’ and Slye, 1995; Ochoa-
Sánchez et al., 2018), since factors such as the duration of rainfall events and the intensity, 
and spatial pattern of rainfall, as well as the circulation of air masses and the seasons of the 
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year, impact the interception values. For example, convective rains impact smaller areas 
than orographic rains which, in turn, are smaller than frontal or cyclonic rains.
 The best adjustments to the modeling of the rainfall-interception ratio occur when 
rainfall events are analyzed on an individual basis, rather than when they are grouped over 
time (Bolaños-Sánchez et al., 2021). The change in land-use from forest to cropland causes 
the infiltration rate to decrease by up to 58% (Sun et al., 2018); This proportion of water 
that cannot be infiltrated is added to the runoff fraction. If the infiltration rate decreases 
in a basin, the recharge rate of the underground aquifers decreases and, consequently, the 
base flow of the drainage network also decreases.

CONCLUSIONS
 The WB analysis determined that rainfall is mainly divided into interception —in the 
case of small events— and infiltration —when the canopy and its water storage capacity 
are saturated. Runoff occurs as a result of high intensity or saturation of the interception. 
Interception in the four years ranged from 9% to 12% of the rainfall. However, most of the 
water transmitted to the soil was first intercepted, therefore the interception influences in 
the effect of water into the soil. The oyamel fir forest had the lowest interception rate, while 
the rest of the coverages analyzed had variations of 5% between each other. The study 
basin is a source of the Texcoco aquifer with great recharge potential, owing to an average 
annual soil infiltration of 87.3% of rainfall.
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