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The October-November 2007 floods in Tabasco, México: An Interim Diagnosis and Courses of Action 
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Abstract: From October 28 to 30, 2007 extraordinary precipitations occurred in the Grijalva River Basin, in Chiapas and Tabasco, Mexico, producing runoffs and flooding of about 70% of the Tabasco flatlands. More than one million people were affected. A preliminary analysis is made on the causes of the disaster and the possible courses of action to avoid similar future situations. The hydrometeorological occurrence of the phenomenon is reviewed, and the operation and control of dams and other components of the flood control system, the forecast and alert procedures included, is assessed. The Tabasco flatlands lie in the confluence and deltas of several big rivers. Only part of those rivers is controlled by dams. A considerable population lives in this region. In particular, Villahermosa City, capital of the State of Tabasco, lies at the confluence of two such rivers. This region has historically been subjected to extensive flooding. However, damages have increased in the last decades, due to the population growth and to human settlements in zones prone to flooding. This event was a combination of several factors: Intense precipitation, high levels in dams, simultaneous runoff in the rivers, high soil moisture content and high tides. An unsophisticated meteorological forecast system and an uncompleted flood control scheme were amongst the elements contributing to the emergency conditions. A modern integrated flood management approach should be adopted in order to prevent future disasters. The joint operational policies of the existing infrastructure should be revised, in conjunction with the establishment of a territorial ordinance plan. An integral modeling system including hydrometeorological forecasting, rainfall-runoff relationships and dam operation should be put in operation, which will require the modernization of the monitoring system. Watershed conservation and management are also of paramount importance, as well as social participation, training and spreading among the population and stakeholders.
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1. Introduction

The Tabasco flatlands in Southeastern Mexico are subjected to frequent flooding. There are references as antique as Hernán Cortés, which accounts for such floods (Tabasco Encyclopedia, 1994). The Tabasco flatlands lie in the confluence and deltas of several rivers, such as the Grijalva, Mezcalapa, Carrizal, Samaria, De la Sierra and Usumacinta, some of which are among the greatest rivers in Mexico. Only part of the Grijalva River is controlled by a series of dams (Angostura, Chicoasén, Malpaso and Peñitas) forming the Grijalva hydroelectric complex, which have also a flood control purpose. The rest of the rivers run uncontrolled through the flatlands to their mouth into the Gulf of Mexico. A considerable population lives in this region. In particular, Villahermosa City, capital of the State of Tabasco, lies at the confluence of the De la Sierra and Carrizal Rivers (see Figure 1). 
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Figure 1: River system and flatlands in Tabasco and Chiapas, Mexico

The De la Sierra River System, which runs through Villahermosa, and the Usumacinta River generate huge amounts of runoff without any control.  On the other hand, the water basin corresponding to the Grijalva Complex, despite the fact that it is controlled through the dams, also contributes with considerable runoff. Nowadays, around Villahermosa City the river course capacity is severely reduced due to several factors, such as silting, highway bridge infrastructure, urban growth and human settlements in flooding zones, thus increasing the population vulnerability. Recent important floods occurred in 1990 and 1999. Due to the 1999 flood, the Integral Flood Control Program was initiated and was under construction during the October-November 2007 events. 
This interim report contains an analysis of the probable causes of the extensive flood occurred in October-November 2007 and issues recommendations to reduce the risk of such disaster to happen again. This report has a preliminary character, and many studies must be performed before some actions are to be implemented. 
2. THE HYDROMETEOROLOGICAL EVENT
During the event, a number of unfavorable effects converged. In the following, these effects are analyzed. 

2.1. Antecedent precipitation and runoff 

During October important precipitations were recorded in the Peñitas own water basin and in the Northern Chiapas Range. Figure 2 shows, as an example, recorded precipitation on October 23rd. Note that precipitation depth was higher than 50 mm in some points. Such amounts of precipitation produced high moisture contents in the soils, and therefore a considerable proportion of subsequent rainfall was converted in immediate runoff. Peñitas Dam received inflow discharges higher than 2000 m3/s on October 2, 3, 5, 7, 11, 12, 17 and 24 and opened the spillway gates on October 29. Before the extraordinary rainfall of 27-28 October, precipitation had already generated alert conditions, because some rivers,

[image: image5.png]particularly the De la Sierra had reached levels close or higher than the critical levels defined to issue alerts (see figure 3). In particular, the critical level at Gaviotas gage station, located in the Villahermosa urban zone, had been surpassed on October 24th, five days before Peñitas Dam opened its spillway gates.
Figure 2: Antecedent precipitation. October 23rd record

2.2. Flood succession

October precipitations, especially those occurring on the 23rd and following days, produced a succession of floods with short time intervals between each other. As can be seen in Figure 4, Peñitas Dam received a hydrograph on October 11-12 with a peak discharge of around 5,000 m3/s, similar to the one produced later, on October 29. This hydrographs was adequately managed using the usual procedures. However, on October 23-26 a second flood wave was produced, with a peak discharge greater than 3,500 m3/s. This flood was being routed through Peñitas reservoir when an even bigger flood, with a peak of 5000 m3/s, occurred on the 29th. This flood found Peñitas dam with a free surface level higher than the maximum operation level, see figure 5. This situation forced opening the spillway gates.   
2.3. Extreme event simultaneity 

Precipitation in the region was especially intense from October 28 to November 1(see table 1). These precipitations have high return periods, although they are not the maximum recorded. The maximum recorded in Peñitas watershed, for instance, has a return period of 24 years and is lower than the one recorded in 1999. 
2.4. Storm surge

Winds generated by the cold front number 4 produced a storm surge contributing to lower the discharge capacity of the Grijalva and Usumacinta riversr at its mouth. On October 30, while the flood routed trough the Grijalva River, the surge added to the astronomical tide reached almost one meter above mean sea level.The backwater effect of this over elevation was therefore an important issue in the flood occurrence. 
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Figure 3: Evolution of levels in some gauging stations in the Tabasco Flatlands. NAMO = critical level 
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Figure 4: Inflow hydrograph and Peñitas Dam free surface level evolution
	WATERSHED
	OCTOBER 2007
	NOVEMBER 2007

	
	28
	29
	30
	31
	1
	2
	3
	4

	Angostura
	5.6
	9.1
	10.8
	0.2
	0.2
	3.0
	0
	0

	Chicoasén
	38.2
	3.8
	3.5
	4.0
	2.0
	0
	0
	0

	Malpaso
	153
	81.8
	118.7
	21.4
	104.5
	3.6
	4.5
	2.2

	Peñitas
	403.4
	308.9
	250.5
	100.3
	100.6
	13.6
	12.3
	6.2

	Ríos de la Sierra
	317.0
	249.6
	152.0
	32.5
	53.0
	11.0
	7.9
	3.3

	Mezcalapa
	263.9
	120.4
	57.6
	105.1
	27.1
	0.3
	10.0
	9.5

	Usumacinta
	47.1
	40.9
	59.0
	1.3
	10.1
	4.9
	5.8
	0.8


Table 1: Maximum precipitation (mm) recorded in the region. Maximum values each day are shaded. 

2.5. Forecast and Alert system

Although meteorological bulletins were issued as usual, they are directed to the general public and are not quantitative enough as to foresee the magnitude of runoffs with sufficient precision. There is a lack of precise enough models to simulate cold fronts and other meteorological phenomena and their effects in rainfall and surface hydrology. There is also a deficiency in real-time alert systems, including an appropriate network of automatic rainfall and runoff gauging stations associated to mathematical models capable of forecasting, with enough lead time, volumes and discharges to occur in the rivers within the hydrological system.  A possible cause of the lack of such forecasting and alert tools is the insufficient investment in technology to better assess the real-time hydrometeorological conditions and the monitoring infrastructure for decision making support. An integral hydrometeorological forecast system is mandatory.
3. PEÑITAS DAM OPERATION
The Grijalva dam system, composed of La Angostura, Chicoasén, Malpaso and Peñitas dams, retained completely the runoff produced in the higher and middle Grijalva River, down to Malpaso dam. Peñitas dam, which has a limited flood control capacity, received merely runoff generated in its own watershed. This runoff, however, was considerable during the whole October, and in particular from 23 October to November 2nd. The maximum conservation level (MCL) in Peñitas dam is 87.40 meters above sea level (masl) and the maximum extraordinary level (MEL) is 95.5 masl.  As can be seen in Figure 4, on October 24th a 3,500 m3/s-peak flood entered Peñitas dam, which raised the water level to about 89 masl. This is a normal situation, due to the fact that the water level was lower than the MCL at the time of the flood. Authorities (National Water Commission, Conagua, Federal Electricity Commission, CFE and the Tabasco State Government) decided to release the October 23-24 flood through power generation only. Thus, the spillway was not operated in order to avoid higher discharges into Samaria and Carrizal Rivers, in view of the near critical levels present in the De la Sierra System at the time. As a result of this operation policy, the water level in the dam had been lowered about one meter, down to 88 masl, but the MCL had not been reached when a second flood occurred, this time with a peak discharge of about 5,000 m3/s. Upon occurrence of this flood, the water level in the Peñitas dam was still 0.60 m higher than the MCL. Therefore, it was necessary to open the spillway gates. With these gates open and electricity generation at full capacity, the water level in Peñitas reached an elevation 4 m lower than the MEL, i.e., 91.32 masl. The joint discharge reached 2,055 m3/s.  It is worth noting that during subsequent days until November 1st further floods occurred, having peak discharges between 2,000 and 3,000 m3/s. In the light of this facts, it is appropriate to say that Peñitas Dam operation was adequate and that, without the regulatory effect of this dam, discharges into the river would have causes even worse damages than those occurred. Maximum discharges from Peñitas Dam were similar to those produced during the 1999 flood (Hernández de la Torre, J. A., 2000), but the more important damages produced on this occasion do not seem to be associated with Peñitas Dam operation. 
4.  URBAN ZONES AND VULNERABILITY

Notwithstanding that most of Tabasco State is subject to flooding, the most important losses are in Villahermosa city. After several experiences, particularly those of 1980, 1999 and 2007, highly vulnerable zones have been identified, most of them at the city suburbs near to De la Sierra and Carrizal Rivers. Extended urban developments, both legal and illegal lie in this area, which is systematically flooded. The Carrizal River has a longitudinal levee on the right margin protecting a significant part of the city. However, vulnerable zones still exist on the left margin. 
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Figure 5: Urban limits in 1975 and 2005 in Villahermosa City and suburbs
Figure 5 shows the urban limits in 1975 and 2005 in Villahermosa City and suburban zone. Note not only the city growth, but also that such a growth has happened mainly along the rivers margins. The urban growth plans is among the most important aspects to take into account to reduce the urban zones vulnerability. 
5. HYDRAULIC INFRASTRUCTURE FOR FLOOD CONTROL 
As a result of the 1999 floods, an Integral Flood Control Program (PICI by its initials in Spanish) was created. This project searched for protection against floods in the Samaria, Carrizal, De la Sierra and Grijalva Rivers by means of levees and gates structures in such a way as to accelerate the exit of runoff into the ocean and to protect the urban centers. However, the existing hydraulic infrastructure for flood control was insufficient, due to the facts that the works pertaining to the PICI were at the time not completed. The lack of levees and control structures, particularly one planned to detour flows in the Carrizal River to the Samaria (see figure 1) limiting the discharge toward Villahermosa to 850 m3/s, most probably favored flooding in the urban zone. 
6. VULNERABILIty and integral flood management 
Internationally accepted methodologies for the integral flood control (OMM, 2004) require incorporating not only the water resources management, but also the watershed, soil use, coastal zones and risk management. In this case, there is an extended issue of deforestation for wood exploitation, livestock pasture establishment and change to agriculture with primitive management which adds to urbanization in flooding zones. The change in soil use from forest to agriculture produces severe scouring which in turn induces great quantities of sediment, thus reducing the rivers capacity as well as moistening and weakening of the rivers borders. 
New studies are necessary as related to effects of deforestation in the rainfall-runoff relationship, scour-sedimentation process, territorial ordering and soil use. Flood risk maps should be updated. Alert systems –including forecast and monitoring networks– are mandatory to reduce the negative effects of high precipitations and runoffs. 

7. Courses of action

A modern integrated flood management approach should be adopted in order to prevent future disasters. The joint operational policies of the existing infrastructure should be revised, in conjunction with the establishment of a territorial ordinance plan. An integral modeling system including hydrometeorological forecasting, rainfall-runoff relationships and dam operation should be put in operation, which will require the modernization of the monitoring system. Watershed conservation and management are also of paramount importance, as well as social participation, training and spreading among the population and stakeholders.
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