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ABSTRACT

We worked in areas of mesophilic mountain forest in the states of Puebla, Hidalgo and Veracruz, located within the
Huasteca region. By its nature, the mountain mesophyll forest is a good water catcher. But its forest cover has decreased
as a consequence of anthropogenic activities, negatively impacting water catchment. The temporal evolution (1979-
2015) of the humidity index of the areas where mountain mesophyll forest exists was associated with the changes in its
cover from 1997 to 2016. The results show that from 1979 to 2004, the humidity index decreased as a consequence of
more than 29% deforestation. From 2005 to 2016, the deforestation rate did not exceed 1% and the humidity index pre-
sented an increasing trend. The conservation of this ecosystem is recommended as a priority to improve the amount of
water in the region.

Keywords: Deficit; Excess; Evapotranspiration; Humidity; Fog

ARTICLE INFO 1. Introduction

The mountain mesophyll forest (MMF), also known as cloud for-
est or mountain rainforest, occupies less than 1% of the national terri-
tory but contains 82% of the families, 52% of the genera and 10% of
the species of vascular flora in Mexico¥. It develops in regions with
altitudes between 500 and 2,800 meters above sea level, rainfall be-
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tween 1,000 and 3,000 mm per year-1, and temperatures between 12 to
2314, The Huasteca region (bordering Puebla, Hidalgo and Veracruz)
occupies an area corresponding to 11.78% of the national territory®!,
The MMF is one of the most important ecosystems due to its
great biological diversity and the multiple ecosystem services it pro-
vides, such as carbon storage and capture, soil fertility regulation, ero-
sion control, regulation of the water balance and surface water runoff,
as well as water supply for cities!*®. Due to its nature, the main
eco-systemic service it provides is water catchment®. The presence of
fog on the vegetation has the property of extracting an additional
amount of water to that which arrives in the form of rain, so that, even
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in the dry season, these forests provide an important
contribution of water to local and regional hydrol-
ogy!.

Evidence on water capture by forest ecosys-
tems in Syrial®, Indonesia® and Spain™® indicates
that it improves the water balance. In Mexico,
Zavaleta et al.l*!J report that forest areas regulate the
hydrological cycle and improve the quantity and
quality of water infiltrating into aquifers. However,
the MMFs are poorly studied ecosystems, due to
their complex functioning!. In this regard, recent
studies deal with their dynamics and diversity!>*3],
conservation importance 14 effects of anthropo-
genic activities on their functions!*’*°!, and ecosys-
tem resilience to climate changel?®?. But few stud-
ies deal with water uptake dynamics[?224,

The Climatic Water Balance (CWB) method-
ology is a useful tool to determine the amount of
water available to vegetation, but it also serves to
relate the influence of vegetation on water up-
take by allowing the comparison of specific water
resources in a system at different time periods!?®!.
The calculation of CWB includes variables of pre-
cipitation, temperature, and soil properties; and al-
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lows knowing the potential evapotranspiration, wa-
ter excretion and deficit over time?®!. According to
Malamos et al.’”], among the methods to determine
the CWB, the simplest calculation is the one pro-
posed by Thornthwaite and Mather, requiring only
data on temperature, precipitation and soil water
storage capacity. Under this context, the objective
of this study was to associate the temporal evolution
of the humidity index (1979-2015) of the areas
where there is mountain mesophyll forest in the
Huasteca region, with the changes in its cover from
1997 to 2016 to determine the influence that the
ecosystem cover has on water uptake.

2. Materials and methods
2.1 Study area

From the VI series of land use and vegetation
of the National Institute of Statistics and Geogra-
phy®l, the areas with mountain mesophyll forest in
northern Puebla, northwestern Hidalgo and northern
Veracruz, located within the Huasteca region, were
selected using geographic information systems tools
(Figure 1).
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Figure 1. Study area showing the geographic distribution of weather stations and mountain mesophyll forest cover in the Huasteca.
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The region has temperatures between 18 and
25 °C, altitudes above 1,500 meters, with precipita-
tion between 1,000 and 2,500 mm per year?, and
humidity ranges from 60% to 80%, temperate to
warm climates in vertisol soils; factors that make
possible the development of grasslands, jungles and
forests, among which the mountain mesophyll for-
est is found, in addition to agricultural activities
such as extensive cattle ranching and the cultivation
of oranges, sugar cane, tobacco, corn and beans®,

2.2 Climatic water balance and humidity in-
dex

From the National Climatological Databasel?®,
meteorological stations that were within the areas
with mountain mesophyll forest of the Huasteca and
that reported continuous information from 1979 to
2015 were selected. A total of 31 meteorological
stations were analyzed: Puebla (8), Hidalgo (17)
and Veracruz (6) (Figure 1). From each weather
station, the monthly average of temperature (°C),
precipitation (mm) and evaporation (mm) was ob-
tained for each year. This information served as
the basis for the regional calculation of the Climatic
Water Balance (CWB) per month and humidity in-
dex per year (HI) with the following methodologies.

To determine the CWB, the one proposed by
Thornthwaite and Mather was used, since only
temperature, precipitation and Soil Water Storage
Capacity (SWSC) values are required for its calcu-
lation. According to Rolim et al.l?®], the temperature
and precipitation values per month of the 31 mete-
orological stations for the 1979-2015 series were
averaged and a SWSC of 200 mm was used®,
which allowed estimating the monthly potential
evapotranspiration (MPE), excess water (EW) and
water deficit (WD) of the Huasteca region. For the
calculation of the HI per year expressed in %, the
monthly values of MPE, EW and WD were aver-
aged per year, while the HI was calculated with the
formula proposed by Ruiz-Alvarez et al.l*:

_ 100(EW — WD)
Al = MPE

2.3 Moisture index and its relationship to
MMF coverage

Because of their nature, the MMFs are good
water collectors”. For this reason, special consid-
eration was given to the HI, since its calculation
takes into account precipitation, mean temperature,
potential evapotranspiration, water deficit and water
excess. Although the HI can be affected by isolated
events such as droughts or hurricanes, in general, it
expresses the incidence that vegetation has on water
uptake?®!, By virtue of this, the temporal evolution
of the HI was associated with precipitation from
1979 to 2015 and with changes in MMF cover from
1997 to 2016, calculated from the areas reported by
the land use and vegetation series I, I, IlI, IV, V
and VI of the National Institute of Statistics and
Geography®3%], The statistical indicators used
were the Average Annual Growth Rate (AAGR),
correlation coefficient and a Tukey test of means.

3. Results and discussion

3.1 Climatic water balance

In the Huasteca region with MMF, precipita-
tion is greater than the evapotranspiration potential,
which means that the dry season is minimal and
only occurs from February to April, with ample
water available for vegetation from May to January
(Figure 2). This fact contrasts with what occurs in
sugarcane growing areas in the same Huasteca re-
gion, where according to Santillan-Fernandez et
al.B® the water deficit is more prolonged and oc-
curs from November to June, so sugarcane produc-
tion is maintained thanks to the use of irrigation.
The property of good water catchers that MMFs
possess has been extensively documented by
CONABIOM",  Gonzélez-Espinosa et  al.l!s],
Mufioz-Villers et al.”*, Galicia and Gamfeldt et
al.! and Galicia and Zarco-Arista®. However,
none of these authors relate the coverage of the
MMF with the water catchment capacity in a re-
gion, but they do agree that the conservation of the
MMF is important to improve the quantity and
quality of water in the regions surrounding the
MMF.
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Figure 2. Climatic water balance of the Huasteca region with mountain mesophyll forest constructed from averages of precipitation,
evapotranspiration potential, water deficit and excess water from 31 meteorological stations for the period 1979-2015.

3.2 Moisture index and its relationship to
MMF coverage

The mean HI from 1979 to 2015 for the MMF
zones of the Huasteca region was 103.51%, ac-
cording to the climate classification proposed by
Thornthwaite corresponds to a Perhumid Climate
A1 But as shown in Figure 3, the HI presented
values less than or equal to 100% in 16 of the 37
years analyzed, with a negative SSS (-2.97%) from

250 Period HI(X)
1979-2004 96.45
2005-2015 120.22

200 19792015  103.51
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1979 to 2004 and an extreme value in 2002 of -6.53%

that corresponded to a dry sub-humid year as a re-
sult of the extreme drought that occurred that year
in the region®™. These results help explain why
CONABIOP® classifies the MMF region in the
Huasteca as a transition zone between temperate
humid and semi-warm humid climates, highly vul-
nerable to the effects of climate change due to in-
stability in precipitation(?!,
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Figure 3. Trend of the humidity index and its relationship with precipitation in the Huasteca region with mountain mesophyl| forest
constructed from the averages of 31 meteorological stations for the period 1979-2015.

To establish the relationship between the HI
and the MMF cover of the Huasteca region, the
1979-2015 series was divided into three periods:
1979-1996, 1997-2004 and 2005-2015, based on
the HI trend and MMF covers (Figure 4). In each

period, the variations of HI (%), annual precipita-
tion (mm) and MMF cover (ha) were associated
(Table 1). The results show that from 1979 to 2004,
the HI, precipitation and MMF cover had negative
AAGR. The period 1997-2004 presented the lowest
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values for the AARR of the HI with -5.36%, which
coincides with the loss in MMF cover of -29.64%,
mainly due to logging. The correlation be-
tween both variables was 0.59, suggesting a direct
relationship between HI and MMF cover. This fact
has been documented by Ungar et al.!®!, Suryatmojo
et al.l¥ and Del Campo et al."% who found that in
forest ecosystems the higher the cover, the greater
the water captured.

The positive AAGR (4.49%) presented by the
HI for the 2005-2015 period coincided with a MMF
deforestation rate of less than 1% (-0.91%). Ac-
cording to Manson?, water catchment by forest
cover is very sensitive to drastic changes in its sur-
face area, such as the one that occurred from 1997

to 2004 (-29.64%), and resilient to minimal defor-
estation rates. In this regard, Monterroso-Rivas et
al.l™M found that the deforestation of MMF in the
Huasteca after 2002 was mainly due to the increase
in pastures for extensive cattle ranching, which
converted areas of MMF to forage grasses, classi-
fied as good water retainers®. This fact, together
with the creation of the National Forestry Commis-
sion in 2001, which gave priority to the restoration
and conservation of the MMF in the Huasteca*®,
may explain why the HI in the region presented
positive AAGR even though rainfall did not show
statistically significant increases in the period of
analysis (Table 1).
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Figure 4. Trend of the humidity index and its relationship with the mountain mesophyll forest cover in the Huasteca region for the

periods 1979-1996, 1997-2004 and 2005-2015.

Table 1. Tukey mean test and mean annual growth rate (%) for the variables humidity index (%), precipitation (mm) and mountain
mesophyll forest cover (ha) in the Huasteca region for the periods 1979-1996, 1997-2004 and 2005-2015

Period HI PRE Coverage

Media AAGR Weather Media AAGR Media AAGR Loss (%)
1979-1996 10556 AB  -1.35  To Perhumedo 1,306.7 A -0.64 No data 1979-1996  105.56 AB
1997-2004 75.94B -5.36 B3 Wet 1,289.2 A -2.14 116,372 A 1997-2004 75.94B
2005-2015 120.21A 4.49 To Perhumedo 1,379.6 A 1.20 98,135 B 2005-2015 120.21 A

Means with the same letter per column are not statistically different (Tukey, a = 0.05).

The HI directly relates in its calculation: water
excess, water deficit and evapotranspiration poten-
tial in a region, and indirectly precipitation and
temperature. For this reason, it was considered as an
indicator of the amount of water captured by the
MMF ecosystem in the Huasteca region. This fact
allowed determining the importance that the MMF
cover has in the regional Climatic Water Balance. It
was found that the HI tends to decrease when the

MMF cover is aggressively reduced in short periods,
so the restoration and conservation of this ecosys-
tem is a priority to improve the amount of water in
the region. A limitation of this research is that the
calculations developed are based on information
available from official sources, so it is recom-
mended that the proposed methodologies be com-
plemented with data taken in situ.
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