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Abstract

In this chapter, the relationship between El Niño–Southern Oscillation (ENSO) 
and a drought that occurred in the last two decades in Chihuahua, and whose 
effects lasted for more than 10 years are evaluated. Using hydrologic drought stan-
dard indices, the historical natural fl ow and anomalies for the three most important 
hydrological regions of Chihuahua are studied. The results show the presence of 
at least three continuous years of an intense hydrological drought per decade, 
which severely impacted the state’s ecology and economy when it went on longer. 
The analysis shows that natural fl ow defi cits are linked preferably to the ENSO 
(El Niño) mild phase even though an ENSO (La Niña) cold phase was concurrent 
during three to fi ve hydrologic drought events. This is a fact that stresses the vul-
nerability of this region to drought-derived impacts, such as forest fi res, migration, 
and decrease in plant biomass, which hamper forest and livestock farming activi-
ties. A permanent monitoring system for drought cycles in Chihuahua is necessary 
to allow planning the sustainable use of the state’s natural resources, especially 
water.
Keywords: Vulnerability, climate monitoring system, hydro-meteorological 
 damage, sustainable planning, stream weather.

1 Introduction

Extreme weather variation in Mexico is largely determined by the occurrence of 
global atmospheric ocean phenomena known as El Niño, La Niña, or Southern 
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Oscillation (SO) [1, 2]. Other studies mention that rainfall of central and north-
ern Mexico is also infl uenced by phenomena such as cold fronts, cyclones, and 
tropical storms that are generated at different times of the year [3–6]. All these 
global processes have been extensively studied to try to explain the occurrence of 
extreme weather events and social, environmental, and ecological impacts such 
as fl oods, drought cycles, and cold and warm waves [7–12]. El Niño/La Niña is 
one of the atmospheric-ocean processes commonly linked to hydro-climatic disas-
ters. It refers to the irregular condition of the tropical Pacifi c Ocean temperatures 
located along the coasts of Peru, known as sea surface temperature (SST) [13–15]. 
The El Niño phase corresponds to the climate stage in which the monthly tempera-
ture of the sea surface experiences an increase of beyond 0.5°C with respect to the 
corresponding historical average for at least 5 consecutive months [7, 16]. These 
anomalies in ocean temperature generally occur in accordance with atmospheric 
circulation anomalies known as SO that generate temperature and rainfall pattern 
variation; this whole process is known as El Niño/SO (ENSO) [17–19]. The pres-
ence of El Niño/La Niña does not show a periodical occurrence pattern and an El 
Niño event is not necessarily followed by a La Niña event or vice versa; neverthe-
less, it has been observed that the duration of mild or cold monthly anomalies may 
lengthen for more than 12 months, as it occurred in 1970–1972, 1973–1975, and 
1982–1984.

Currently there are questions as to whether ENSO phenomena are truly related 
to the temperature and rainfall anomaly patterns in the continental zone of central 
and northern Mexico and North America [11, 20]. Moreover, statistics tests have 
been conducted to establish the correlation degree between seasonal rainfall and 
other indices such as the Multivariate ENSO Index (MEI) in Niño and Niña peri-
ods [21]. The results show that the total annual precipitation during an El Niño 
event decreases in the south and increases considerably in central and northern 
Mexico, unlike seasonal rainfall that increases in the south and decreases in the 
central part of the country, keeping no apparent effect in the north. SST and ENSO 
effects on droughts have been reported by various authors who have evaluated the 
severe meteorological drought occurrence in Northwestern Mexico using a differ-
ent approach [22]: drought severity and intensity in accordance with continental 
hydro-climatic variability [11, 14] and agricultural productivity cost in Mexico 
during an ENSO event [23]; nevertheless, the real effects of ENSO phenomena on 
the ecology and agriculture in the states of Chihuahua, Sonora, Sinaloa, and the 
Baja California peninsula [20] have always been unclear. In this sense, it has been 
observed that the drought–fl ood cycles are more frequent and intense in Mexico 
and in other countries every time, which requires a major investment of resources 
and time for the affected zones to go back to their ‘normal’ state after the catastro-
phe [10]. The essence of this study is to analyze the relationship between El Niño 
and La Niña phenomena and drought occurrences in the State of Chihuahua since 
it is well known that ENSO relates well with rainfall variability in some zones of 
Mexico [21], and in some mountain areas of Chihuahua [24, 25]. However, the 
unique effects of ENSO concerning natural runoff volume resulting from hydro-
logical droughts in continental zones, such as those in northern Mexico, are still 
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unknown, especially when the runoff defi cit prolongs for several consecutive years 
as it happened in Chihuahua and its nearby states in the 1990s.

2 Objective

The main goal is to evaluate the effects of ENSO events on periods of severe 
droughts in the State of Chihuahua to prove that this relationship can explain the 
natural fl ow (NF) of the seasonal-space variability observed; this assessment will 
shed light on how the occurrence, duration, intensity, and space distribution of 
hydrological drought have impacted the economy and the ecology of the State of 
Chihuahua.

3 Materials and methods

The study area corresponds to the State of Chihuahua, Fig. 1, located in the north-
ern part of the country between latitudes 25° 30' and 31° 47' N and longitudes 103° 
18' 109° 7' W with elevations between 900 m (Mexican Plateau Zone) and 3300 m 
(Cerro Mohinora) above sea level. The Chihuahuan landscape is made up of three 
large regions: The Sierra Madre Occidental (SMO); mountains, hills, and central 
valleys (SLVC); and the plateau and the Sierra de Oriente (ASO) distributed from 
west to east as big band shapes [26]. The dominant weather pattern is mild humid 

Figure 1:  The State of Chihuahua and the three hydrologic regions referred to in 
the text (RH24, RH34, and RH35, CNA nomenclature).
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(Cw) in SMO; semi-arid dry in SLVC, and arid dry in ASO; in the SMO canyon 
area, the weather is mild [6].

3.1 Hydrologic drought characterization

To defi ne the hydrologic drought (Hd) in Chihuahua, we considered the esti-
mated NF data in each one of the hydrological sections included in the three main 
hydrologic regions: RH34 (Cuencas Cerradas del Norte); RH24 (Bravo Conchos) 
including the total section of the Rio Conchos Basin in the state of Chihuahua; 
and RH35 (Cuencas Cerradas de Mapimí), Fig. 1. The NF estimate followed the 
Offi cial Mexican Standard criteria NOM-011-CNA-2002 [27]. For the Hd analysis 
we followed the description in Bergaoui and Alouini [28] and Byun and Wilhite 
[29] who considered anomalies, duration, and intensity of any of the hydrologic 
cycle components in a river basin with drainage capacity. The average NF anomaly 
indices were estimated, representing the annual defi cit (Hd−) or surplus of NFs 
(Hd+) in proportion to the historical NF average. To know the decadal tendency 
of Hd, the surplus and defi cit fl ows of the complementary fraction values were 
integrated in relation to the historical average [8, 9, 30]. A positive value of Hd 
anomaly indices indicates a humid period where fl ows occur above the expected 
value and vice versa, a negative Hd value indicates a fl ow defi cit period that turns 
into Hd.

3.2 ENSO concurrence with drought

To evaluate the ENSO effect on drought occurrence and its severity, El Niño and 
La Niña periods were determined through the SST monthly anomalies in zone 
three (SST3) (http://www.cpc.ncep.noaa.gov/data/indices/) and the SO average 
values related to El Niño as ENSO. El Niño/La Niña classifying criteria were the 
same described by Klaassem [7] and Magaña [31], indicating that a cold period 
or La Niña is when anomaly values persist below −0.5°C, which is the historical 
average for at least 5 months, whereas a hot period or El Niño is defi ned by anom-
aly values remaining above 0.5°C. ENSO data are based on the standardized value 
of the pressure difference between the Darwin Zone and the Tahiti Pacifi c Ocean. 
The SST3 value evolution estimated by NOAA was used to detect its relationship 
with NF in the cooling and heating periods of the sea water surface.

3.3 Ecological and economical impact

For this analysis, economic and socio-demographic censuses were used [32–37]. 
These are records of forest fi res, drought, agricultural productivity, irrigated land, 
and costs for natural disasters. The purpose of the analysis was to detect the 
relationships between ENSO and the hydro-meteorological events of the region, 
specifi cally drought which is known to damage both the ecology and the economy 
of Chihuahua.
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4 Results

4.1 Annual natural flows

The annual NF utilized in the Hd analysis corresponded to the 1950–2005 period 
for the RH24, 1960–2004 for the RH34, and 1961–2004 for the RH35. Basic sta-
tistics in each hydrological region of Chihuahua (RH) shows a variation of the NF 
historic average which goes from 201.22 Mm³ in the RH24, followed by 184.3 m³ 
in RH 35, up to 77.3 Mm³ in the RH34, Table 1. The registered maximum values 
were 985.7, 229.1, and 202.9 Mm³ (respectively, for RH24, RH35, and RH34), 
while the minimum NF was in the order of 6.4, 130.4, and 0.66 Mm³ up to 2004, 
which showed a minor NR variability of the historical annual value that corre-
sponded to the Mapimí closed watershed basin.

4.2 Hydrologic drought occurrence

According to the annual hydrologic index values (Hd), the occurrence of dry years 
was 30 for the Rio Conchos River basin zone, 28 for the northern region, and 27 
for the south-central zone (RH34 and RH 35), which represent 46% of the total 
analyzed region and around 36% in the other two zones of Chihuahua in contrast 
with humid years, Table 2.

Table 1: Basic statistics of natural runoff in Chihuahua.

Hr NFa 
(Mm3)

DS 
(Mm3)

Max 
(Mm3)

Min 
(Mm3)

CV Years SH

1RH24 201.22 291.84 985.69 6.42 1.45 56 11
2RH34 77.33 50.78 202.94 5.83 0.66 45 22
3RH35 184.34 45.68 229.10 130.44 0.25 44 4

Hr = Hydrologic regions; NFa = average natural fl ow; 1Conchos/Bravo; 
2Cuencas Cerradas del Norte; 3Cuencas Cerradas de Mapimí; SD = Standard deviation; 
SH = hydrometric station number.

Table 2: Frequency of dry (Hd–) and wet (Hd+) years in Chihuahua.

Hydrologic 
regions

Hd– Hd+ Drought > 2 
years

Wet > 2 years

RH24 30 26 7 4

RH34 28 16 7 2

RH35 28 16 9 2
1Conchos/Bravo; 2Cuencas Cerradas del Norte; 3Cuencas Cerradas de Mapimí; Hd– 
= Negative Hydrologic defi cit or drought; Hd+ = Positive Hydrologic defi cit or wet.
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The consecutive two or more periods of hydrological drought were 7 for RH 24 
and RH 34 and 9 for the Mapimí Zone, Fig. 2, in which drought periods could be 
seen after uninterrupted 5–7-year rank and where runoffs were less compared to 
the normally expected values. In contrast, there were prolonged periods of heavy 
rainfall years with runoff above historical average in a consecutive 2–4-year rank, 
with volumes up to 150% more than the observed maximum defi cit. For example, 
this situation happened in the Rio Conchos River basin zone in the years 1990 and 
1991 right before the most prolonged drought ever occurred since 1950. The 
results on Hd intensity showed that, for the Conchos region, there was a missing 
rate of NF of −74.4 Mm³ per year between 1950 and 1953; for the 1997–1999 
period it was −69.2 Mm³, 50% drier than the RH35 and in Northern Chihuahua, 
where during this same period, a NF defi cit of the annual rate was obtained in the 
order of −31 and −23 Mm3, respectively.

4.3 Accumulated tendency of the runoff deficit

Once the hydrologic tendency indices were analyzed (Ht), it could be seen that to 
a 10-year seasonal scale (decade), there is a similar hydrological behavior across 
all Chihuahua State, Fig. 3. In general, we can see that between 1970 and 1990, 
the three hydrological regions had an accumulated tendency of positive runoffs. It 
means that during those 20 years, there was the occurrence of available  superfi cial 
water in rivers and water bodies of Chihuahua, preventing severe impacts to the 
ecology and economy of the state. In the Conchos zone however, there was a nega-
tive tendency period in the 1950s followed by an apparent hydrological  equilibrium 
until 1965, a year when RH35 (Cuencas de Mapimí) continued showing a negative 
tendency. It was mimicked by RH34 (Cuencas Cerradas del Norte) until 1971, 
after which all three started heading up to the NR values. During the 1990s, and 
despite a rainy year (1996) for the Conchos zone and one for the Mapimí closed 
basin in the year 2000, Fig. 3, it is clearly seen that the drought of that period 

Figure 2:  Interannual variation of the hydrological drought index (Hd anomalies); 
Hd+ = wet phase; Hd– = dry phase; NFi = annual natural fl ow; NFa = 
average natural fl ow.
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persisted in all the regions. Starting in the year 2004, again, due to the copious 
rainfall of the previous years, the hydrological tendency was positive, suggesting 
an end to the drought.

4.4 ENSO years

The El Niño and La Niña years were identifi ed for the period between 1950 
and 2009, Table 3. A total of 32 events were found, of which 15 were El Niño 
and 17 were La Niña (47% and 53%, respectively). During El Niño events from 
1972–1973, 1982–1983, and 1997–1998 in which SST3 anomalies occurred with 
a greater intensity (an average of 1.48°C, 1.81°C, and 2.48°C, respectively), the 
ENSO values for these same periods were −1.8, −2.06, and −2.04, respectively. 
This contrast between SST3 versus ENSO is shown in Fig. 4, where dark zones rep-
resent sea temperature anomalies, while clear zones are the Darwin–Tahiti pressure 
anomalies. The opposite correspondence was confi rmed by a regression analysis,

in which the r² value was 0.80 and p < 0.001, Fig. 5, because these two ocean-
atmospheric processes are frequently combined in just one phase, the SO El Niño 
or ENSO in brief, that is ENSO mild phase to describe El Niño or ENSO cold 
phase to describe La Niña.

4.5 Concurrences between ENSO and hydrologic drought

Comparing the Hd index data versus the Pacifi c SST3 anomalies, NF defi cits or 
surplus can be seen when they exceed the El Niño or La Niña events, Fig. 6. The 
peaks of the SST3 curve can be seen when they stand out above the shaded areas 
(ENSO mild event or El Niño) or vice versa, if they surpass the lower part of 
this area (ENSO or La Niña cold event). The results of this comparison show a 

Figure 3:  Accumulated decadal trends in defi cits or surpluses in the runoff defi cit 
of Hd in the three major hydrological regions of Chihuahua. Ht = Trends 
of cumulative hydrologic drought index; NFi = annual natural fl ow; NFa 
= average natural fl ow.
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Table 3: El Niño and La Niña periods, according to SST3 and ENSO.

NIÑAS NIÑOS

Period Months SST3 ENSO Period Months SST3 ENSO

1951–52 5 0.92 −1.13 1950–51 5 −0.72 1.7

1957–58 7 1.12 −0.92 1954–55 9 −1.06 0.27

1963–64 6 0.8 −0.95 1955–56 11 −1.04 1.04

1965–66 10 1.095 −1.14 1956–57 7 −0.77 0.8

1969–70 6 0.80 −0.73 1962–63 6 −0.69 0.53

1972–73 11 1.48 −1.26 1964–65 11 −1.07 0.46

1976–77 9 0.7975 −0.55 1967–68 11 −1.02 0.14

1982–83 17 1.81 −1.95 1970–71 21 −1.07 0.92

1986–87 17 1.14 −1.19 1973–74 14 −1.09 1.28

1991–92 8 1.225 −1.73 1975–76 12 −1.10 1.48

1994–95 5 0.76 −1 1984–85 22 −0.87 −0.06

1997–98 13 2.49 −2.04 1988–89 14 −1.39 1.14

2002–03 8 0.96 −0.9 1995–96 7 −0.77 −1.97

2006–07 6 1.05 −0.78 1998–99 6 −0.92 1.25

2009–10 11 0.94 −0.72 1999–00 11 −1.08 0.73

2000–01 8 −0.57 0.65

2007–08 11 −1.15 0.78

SST3, ENSO = Average values

Figure 4:  Correspondence between El Niño/La Niña and ENSO events. Positive 
dark areas are El Niño, negative are La Niña; Positive clear ENSO areas 
correspond to El Niño, negative clear to La Niña.
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large number of Hd concurrences with the ENSO mild phase (9, 8, and 7 times, 
respectively for RH12, RH34, and RH35); in contrast, that same phase showed 
a coincidence between ENSO and Hd positive values, 5, 3, and 4 times. In the 
same way, when the ENSO cold phase was analyzed the coincidence was higher 

Figure 5:  Relationship between SST3 anomalies and the standardized values in 
pressure difference between Darwin and Tahiti zones (ENSO) during El 
Niño and La Niña phases (1951–2010 period).
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Figure 6:  Value confrontation of Hd versus SST3 anomalies in the three major 
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-250

-200

-150

-100

-50

0

50

100

150

200

250

-5

-4

-3

-2

-1

0

1

2

3

4

5

19
50

19
51

19
52

19
53

19
54

19
55

19
56

19
57

19
58

19
59

19
60

19
61

19
62

19
63

19
64

19
65

19
66

19
67

19
68

19
69

19
70

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

H
d

  (
M

m
3

y-1
)

A
n

o
m

al
ie

s 
o

f  
S

S
T

3 
(°

C
)

Río Conchos" SST3

-250

-200

-150

-100

-50

0

50

100

150

200

250

-5

-4

-3

-2

-1

0

1

2

3

4

5

19
50

19
51

19
52

19
53

19
54

19
55

19
56

19
57

19
58

19
59

19
60

19
61

19
62

19
63

19
64

19
65

19
66

19
67

19
68

19
69

19
70

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

H
d

  (
M

m
3

y-1
)

A
n

o
m

al
ie

s 
o

f S
S

T
3 

(°
C

)

Cuencas Cerradas del Norte SST3

-250

-200

-150

-100

-50

0

50

100

150

200

250

-5

-4

-3

-2

-1

0

1

2

3

4

5

19
50

19
51

19
52

19
53

19
54

19
55

19
56

19
57

19
58

19
59

19
60

19
61

19
62

19
63

19
64

19
65

19
66

19
67

19
68

19
69

19
70

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

H
d

  (
M

m
3

y-1
)

A
n

o
m

al
ie

s 
o

f S
S

T
3 

(°
C

)

Cuencas Cerradas de Mapimí SST3

 
 www.witpress.com, ISSN 1755-8336 (on-line) 
WIT Transactions on State of the Art in Science and Engineering, Vol 64, © 2013 WIT Press



110 Ecological Dimensions for Sustainable Socio Economic Development

between Hd− and the SST3 negative values, slightly higher than those of the mild 
phase (10, 9, and 8, respectively for RH24, RH34, and RH35).

The total of concurrence instances showed that the negative Hd indices reached 
the highest frequency with a coincidence of 24 and 27 times, and minimum values 
of 12 and 11 for positive indices, Table 4. In other words, a double negative effect 
of the El Niño and La Niña phases was found in the three hydrological regions as 
shown, which seem to stress the Hd indices of the periods and intensity, resulting 
on either hydrological drought or NF. During the three more intense ENSO mild 
phase periods, the index concurrences of Hd negative values were 7, indicating 
that during an El Niño period, there is a decrease in NFs in the region, Table 4. 
The Hd statistical analysis versus SST3 concurrence yielded r² values between 
0.09 and 0.175 (p > 0.001); in some hydrometric stations the increase was above 
0.22, which indicates the existence of the relationship of the El Niño or La Niña 
NF periods.

5 Discussion

5.1 Drought impact in the ecology and economy of Chihuahua

Evidence shows that drought occurrence is prevalent, Fig. 2, in Chihuahua, and 
it is likely associated with El Niño episodes as Magaña [31] and Seager et al. 
[11]. suggested. They also reported that in El Niño winters, northern Mexico is 
more humid, and just the opposite occurs in the summers, that is, less rainfall and 
less NFs, mainly in the states of Chihuahua and Coahuila. These effects seem 
to be stronger because the most important rainfalls occur during the summer in 
Chihuahua; they are mostly due to the fact that droughts which appear in the El 
Niño phase continue the following year in the presence of ENSO cold phases 
(Niña), Table 3, Fig. 6. This could be seen during the Niño/Niña alternations from 
1992–2003 through the decennial NF defi cit tendency, where a prolonged drought 
in the three hydrological regions of Chihuahua periods lasted for almost 10 years, 
Fig. 3. Diaz et al. [24]. point out that one of the most severe droughts in Chihuahua 

Table 4:  Hydrologic drought coincidences with El Niño or La Niña events in 
Chihuahua.

Hr Niño 
Hd+

Niño 
Hd−

Niña 
Hd+

Niña 
Hd−

Niño 
1972–73

Niño 
1982–83

Niño 
1998–99

RH24 5 9 6 10 + - -

RH34 3 8 2 9 - - -

RH35 4 7 3 8 + - -

Total 12 24 11 27 2+, 1− 3− 3−

Hd+ = positive values or surplus on natural fl ow; Hd− = negative values or defi cits of natural fl ow; 
Hd− is the hydrological drought status.
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appeared during the 1950s, which coincides with this analysis in the Rio Conchos 
region where records are available. It can be seen that drought was associated in 
the fi rst place to one of La Niña phases (1950–1951), followed by other three or 
four dry years linked to El Niño 1951–1952, Fig. 7 and Hd− in the above chart, 
Fig. 6.

After the 1950s the results show that there have been three intense periods 
1972–1973, 1982–1984, and 1997–1998 in the ENSO (El Niño) mild phase, where 
rainfall and NF were signifi cantly reduced, Table 3, Fig. 6. During the 1960s and 
1970s, a strong tendency toward the decrease of dry periods occurred, Fig. 7, and 
the state benefi ted from the ecological and economical point of view. However, 
during the 1990s drought conditions returned. Landa et al. [10]. point out that at 
the end of the 1990s there was a loss caused by drought; around 11,600 livestock 
and 145,000 hectares of crops were affected in the states of Sonora, Sinaloa, 
 Tlaxcala, Veracruz, and San Luis Potosi. During the 1990s the prolonged and 
intense drought caused loss in cattle, crop reduction on the surface by irrigation 
with around 75% less than 434,000 ha planted in 2001, Fig. 8, a decrease in water 
 supply, and a reduction in water storage levels in the main reservoirs of the Rio 
Conchos impacted greatly the state’s economy [30].

A defi cit in rain, infi ltration, and NFs caused drying of the forest biomass, 
bushes, and grassland in Chihuahua [31–33], which in turn caused an increase in 
forest fi res and loss in agriculture during those dry years, Fig. 9. For example, the 
number of fi res in 1999 was twice as much as the ones in 1995, which resulted in 
around 30,000 ha damaged during the ENSO mild phase and around 72,000 in the 
cold phase, causing important loss of trees, bushes, and grassland, and thus vegeta-
tion biomass throughout the state [37]. During 2005–2009, the surface affected by 
forest fi res had importantly increased again; grassland biomass was mainly 
affected with a burned annual surface above 10,000 hectares, reaching a maximum 
peak of 31,500 ha in 2009. There were also internal and external problems 

Figure 7:  Cumulative trends of NF in three major dams of Chihuahua. Nfi = 
 Annual natural fl ow; Nfa = average natural fl ow.
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concerning the use of water in the Rio Bravo region bordering the United States as 
a result of the very intense drought in the same period of 1997 and 1998 [38], 
which is now considered as the most severe drought of the century in northern 
Mexico.

Magaña [31] presented an evaluation of economic losses linked to droughts in 
Mexico between 1977 and 1999 and reported several impacts; among those that 
stand out are an increase in the price of grains, a drop in water supply, seedtime 
surface reduction, loss of crops and cattle, and even livestock mortality, and some 
cases of child mortality by heat waves. During the period of 2002–2005 $576,000 
million pesos were destined to help people affected by contingencies caused by 
extreme climatologic events [39]; paramount among these was the atypical drought 
and the climate event that required the most economic resources of around 

Figure 8: Economic impact in terms of area affected by drought in Chihuahua.
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Figure 9:  Ecological impact of the drought in terms of land area with burnt veg-
etation (Source: CONAFOR, 2007).
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$360,000 million pesos for its attention, which represented approximately 65% of 
the total sum allocated. The northern states of the country, such as Chihuahua, 
Durango, Tamaulipas, and Zacatecas received approximately 70% of the assigned 
resources to attend drought contingencies [32]. During the 1980s and until 1993, 
the damaged seasonal crops of agricultural land (rain-fed agriculture) was main-
tained at an average of below 10% in all the state, Fig. 10; however, during the 
1990s and until 2005, the average increased to 30%, linked to the registered rain 
gauge defi cit during that severe drought period [38].

In 2009, hydro-meteorological damage and losses in Mexico surpassed the 
$14,500.8 million pesos ($1,079,800 USD), of which $3,041 million pesos corre-
sponded to drought [34]. According to CONAFOR [37], 41% of the forest fi res 
were caused by farming activities, presence of large amount of plant biomass, and 
low levels of humidity in those fl ammable areas. The states with the largest number 
of forest fi res were Mexico, Michoacan, Chihuahua, and Puebla, which together 
concentrated 56.7% of the total reported fi res. From the ecological point of view 
CONAFOR [37] reports that during 1998–1999 El Niño, forest fi res affected 
23,000 ha of grassland, 18,500 of bush, and 8000 of forest land in 1999. In the 
intense drought linked to 1998–1999, El Niño, apart from leading to losses of wild-
life, livestock, and even drops in arid ecosystems [40], has been linked to leaving 
ground with lack of vegetation and leading to agricultural losses [41], refl ected in 
crop surface decrease of cultivated area in Mexico of around 2,273,502 ha equiva-
lent to 3,000,000 t of grain, with a value higher than $3.500.000 million pesos [42].

6 Conclusion

The atmospheric processes, such as the ENSO, are interfering with space vari-
ability and temporal rainfall, and NFs in Chihuahua. The mild phase and the cold 
phase (El Niño or La Niña) may be combined. This situation causes a double 
effect in decreasing NFs in the hydrological regions of Chihuahua; it lead to an 
intense hydrological drought as it was observed during 1992–2003 (except for 
1997) when accumulated tendency showed a clear drop in the volume of NF. The 
prolonged period of Hd in Chihuahua (1992–2003) along with the presence of 
El Niño/LaNiña alternation caused an important ecological, social, and economic 

Figure 10:  Rain-fed agricultural surface affected by drought (Source: SAGARPA, 
2009).
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crisis, leading to a loss of plant biomass and a loss in animal life as a result of for-
est fi res. Also, the absence of NFs caused a total emptiness in some of the main 
reservoirs, causing a drastic reduction in irrigation crop surface and an increase 
in aquifer exploitation. Livestock movement to other states of Mexico together 
with less profi table sales and late payment for the Rio Bravo water service (in 
the NF delivery from the Rio Conchos River basin through the CILA treatment, 
Mexico–USA) further strained the economy of the area. The periodicity of long 
lasting droughts in Chihuahua in the last fi ve decades has been every 10 years at 
least (three consecutive years of hydrological defi cit). It has placed the state in 
an almost permanent alert of possibly falling in an economic and ecologic crisis 
by severe droughts, when an increase of forest fi res, soil and animal loss (both 
wildlife and livestock), land abandonment, migration of communities, as well as 
a negative impact in livestock and in farming productivity can be observed. It is 
necessary to increase hydro-climatic monitoring in the state and use forecasting 
models for precipitation in extreme conditions and temperatures. This will allow 
to better understand rain gauge tendencies and NF in a medium and long term to 
promote effi cient water use in the arid and semi-arid zones of Chihuahua and in 
other areas in northern Mexico, and thus be better prepared to prevent deleterious 
effects due to global climate change in the Chihuahuan desert.
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