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J. Baumann1, R. I. Gaytán Arvizu1, S. Morales Morales1, J. A. García Gomez1, S. Soto Priante2
1. Department of Technified Rainfed Districts, National Water Commission, Mexico, D.F., Mexico

2. Division of Hydro-agricultural Infrastructure, National Water Commission, Mexico, D.F., Mexico

Abstract: Within the National waters program 2007 – 2012 it is projected to implement restoration and preservation actions in the upper parts of watersheds. Adjacent watersheds of Huixtla, Huehuetán and Coatán rivers were selected, because the Tropical Pacific Coastal Region of the State of Chiapas is seriously affected by high erosive storm events and floods. For each watershed an emblematic project will be formulated. The activities will focus on sub-catchments level and comprise the implementation of structural and vegetative conservation and restoration works, monitoring of hydro-meteorological processes, community projects and the establishment of a watershed management plan. “Technical Sub-catchments Committees” (CoTeMs) provides the local and community based organizational structure for users participation. Within the strategic lines of action, activities in areas with a high risk for degradation have priority. Several conservation and control measures had been proofed appropriate for the zone. Selected key practices are vegetative check dams from stem cuttings, gabions, vegetative strips on steep slopes, improvement of plant density in annual crops and individual terraces in coffee plantations.
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1. INTRODUCTION 
The Tropical Pacific Coastal Region of the State of Chiapas in Mexico is frequently affected by meteorological storm events and floods. Mean annual rainfall ranges from 1400mm up to 4500mm. Most rainfall is concentrated in the period from May to October and shows an altitudinal pattern, with highest precipita​tion in the middle parts of the watersheds between 500 and 1000 m (a.m.s.l). Due to land use alterations in the middle and upper parts of the watersheds storm events induce soil erosion processes and landslides upstream and flooding downstream. 

The zone was seriously affected by Hurricane “Mitch” in 1998 and in 2005 by Hurricane “Stan”. The 3-day rainfall accumulations ranged from 329 to 715mm during “Mitch”, and from 641 to 827mm during “Stan”. A post “Stan” study realized by the National Water Commission (CONAGUA 2007a) calculated maximum river discharges during Stan of 2147 m3/s for the Huixtla river, 2547 m3/s for Huehuetán river and 2802 m3/s for the Coatán river. These values are three times higher than discharge values with 100 year recurrent period. The cost of damages downstream on infrastructure and agricultural land caused by “Stan” was estimated by about 200 million USD. 
The national and state authorities recognize the necessity to take action and establish restoration and conservation measures upstream. Therefore the National Water Commission of Mexico (CONAGUA) proposed the establishment of emblematic projects for the middle and upper parts of three watersheds (Huixtla, Huehuetán and Coatán). The program for conservation and rehabilitation of tecnified rainfed areas (R01) provided the official framework for their formulation and defined different strategic lines of action.
2. LEGAL FRAMEWORK

Integrated watershed management is a central concept in the new Mexican Waters Law (LAN, 2004). The integrated management of the hydrologic resources at the watershed level is sustained on the multiple and sustainable use of the waters and the interrelation that exists between the hydrologic resources and the air, the soil, flora, fauna and other natural resources.
2.1 National Mexican Waters Law (2004)
The National Mexican Waters Law established in article 14 BIS 5, section II: “The integrated management of the hydrologic resources at watershed level is the basis for national water politics”, and in section VII the law precise that the “Federal Executive will instrument mechanisms to maintain and reestablish the hydrologic equilibrium in the country watersheds”.   

Within federal water management tools, participation mechanisms play an important role. River Basin Councils are entities of mixed membership providing support, consultation and advice between the National Water Commission and federal dependencies, state or municipal instances and the representatives of the water users from the respective watershed or hydrological region. Up to December 31st, 2006, 25 River Basin Councils had been established. At the sublevel and to attend specific problems in more localized geographic regions River Basin Commissions for sub-basins and River Basin Committees for micro-basins (catchments) were created. Actually 17 River Basin Commissions and 22 River Basin Committees are working. 

2.2 National waters program 2007 - 2012
The National Waters Plan (PNH, 2007) established as objective six the prevention of risks derived from meteorological and hydro-meteorological phenomenon, and in addition strategy 5 stipulates the implemantation of restoration and preservation actions in the upper parts of watersheds to reduce runoff. As a goal it is projected to attend three watersheds in the period 2007 – 2012.

2.3 Soil and water conservation plan for the Chiapas Coast

In 2000 the Soil and Water Conservation Plan for the Chiapas Coast was formulated within the Mexican – German technical cooperation (CONAGUA and CIM, 2000). The Plan provided a first scheme for the development of an integrated watershed program for the region. Within the policy and legislation guide, the plan demands an efficient inter-institutional coordination with a strong participation of watershed users. Considering the aspects of organization and socioeconomic situation, the plan outlines the necessity to establish local organizational structures at community and sub-catchments level. Within the technical context a simple classification system for land use and degradation levels was proposed.  
3. EMBLEMATIC PROjECTS

Three emblematic projects had been defined for the implementation of restoration measures in the middle and upper parts of the watersheds of Huixtla, Huehuetán and Coatán rivers. The major objective of these projects is to control and reduce superficial runoff, reduce sediment production and mitigate the effects of floods during high erosive storm events. The watershed characteristics are shown in table1.
Table 1: Principal characteristics of the Huixtla, Huehuetán and Coatán watersheds

	Parameter
	Huixtla
	Huehuetán
	Coatán

	Area (km2)
	355
	320
	462 (196)

	Mean annual discharge (m3/s)
	14.3
	31.7
	17.0

	Number of sub-catchments
	56
	37
	65

	Mean elevation (m)
	1130
	768
	2017

	Mean slope gradient (%)
	41.0
	31.4
	47.6

	Mean length of sub-catchments (m)
	5606
	7548
	6030


Development of emblematic projects will follow different steps. At a first level and based on high resolution Ikonos satellite images, watersheds area will be classified according a scheme that delineates degraded zones, areas in risk of degradation and land surfaces with a high conservation status. An example for the Huixtla watershed is shown in figure1.
[image: image1.png]
Figure 1: Areas with high risk for degradation (yellow), degraded zones (red) and zones with conservation status (white) in the Huixtla watershed.
Project activities will focus on sub-catchments level. At each watershed up to ten sub-catchments were selected for the implementation of restoration and soil and water conservation measures (CONAGUA 2007b). The basis for all activities is the voluntary participation of different user groups, farmers and communities. The approach to the local people will be the first important task for the sociologists within the project teams. The establishment of “Technical Sub-catchments Committees” so called CoTeMs will provide the local and community based organizational structure. The CoTeMs will directly be involved in the planning phase and the execution of soil and water conservation measures. There will be a close contact to the Watershed Committees as the higher organizational structure at watershed level.

Each emblematic project comprises different components, like the implementation of restoration and conservation measures in sub-catchments, monitoring of hydro-meteorological processes, community projects and the establishment of a watershed management plan.
3.1 Hydrologic monitoring
The availability of hydro-meteorological data sets and reliable information on physical soil conditions, especially in humid tropical regions, is often limited, providing constraints to evaluate the natural risk potential as well as the impact of land use change on hydrological response and soil erosion processes at the watershed scale.

In 1999 the National Water Commission initiated the “Huehuetan Watershed Monitoring Project”, to obtain a meteorological, hydrological and soil database in this tropical area. The project provided a broad database of rainfall – runoff response at micro-catchments scale. The analysis of 2347 rain events permitted the classification of rainfall precipitation patterns in the watershed in order of their erosivity potential, and showed that annual highly erosive single storms and 3-day rainfall accumulations provides a high natural risk potential. Two extreme consecutive 3-day rain accumulations were registered in October 2004 at Argovia farm (table 2). It was shown that runoff coefficient in coffee plantation can  increase up to 44 %.
Table 2: Rainfall accumulation and runoff between October 7th and 14th at Argovia farm

	Date
	Rainstorm

mm
	EI30
N h-1*
	I5max

mm/h
	Runoff  CPT**
mm         %

	071004
	107.9
	207.2
	137.5
	9.3
	8.6

	081004
	110.0
	345.6
	146.9
	13.3
	12.1

	091004
	82.3
	103.7
	97.5
	5.4
	6.6

	121004
	120.6
	465.1
	193.8
	49.1
	40.7

	131004
	65.8
	133.8
	197.5
	22.0
	33.4

	141004
	93.3
	157.4
	95.0
	41.2
	44.1


* Conversion factor to (MJ mm)/(ha hour): 10, **CPT: Coffee plantation with individual terraces
About 17 % of annual rainfall is generated by highly erosive rainstorms of more than 80mm. Real measured R-Factor values permitted the calibration of empirical equations which derive annual R-factors from mean annual rainfall for the region (Baumann & Monterrosas, 2003) and allow a more realistic application of different erosion models. Soil texture and slope gradient are important factors determining runoff of micro-catchments under high erosive rainfall conditions in the Huehuetán watershed (Baumann et. al. 2006). In 2008 hydro-meteorological monitoring will extended to the Huixtla and Coatán river. In each watershed five measuring sites will be installed.
3.2 Conservation and restoration works

The broad experience of the National Water Commission in promoting soil and water conservation measures and practices since 1996 in 21 technified rainfed districts is an important basis for the development of emblematic watershed projects. For the conservation and restoration works at the sub-catchments level a combination of structural and non structural practices were selected. For gully rehabilitation check dams from stem cuttings (vegetative check dams) had been proofed successful in the region. This practice is also well adopted by local farmers. As a strategic structural practice gabions will be established for stream control in sub-catchments. Beside these practices for control of runoff in lineal landscape elements like gullys and streams, several practices will be introduced in the farmers fields. Natural vegetative strips are a well proofed and effective soil and water conservation measure on steep slopes (WOCAT 2007). Especially in coffee and fruit tree plantations individual terraces will be introduced to improve water retention in the root zone. Table 3 shows the key conservation and restoration practices, the number of structures and the surface area for 2008.
Table 3: Key practices for soil and water conservation and watershed restoration in 2008 at the Huixtla, Huehuetán and Coatán watershed.

	Practice
	Huixtla
	Huehuetán
	Coatán

	Vegetative check dams (pieces)
	2000
	2000
	2000

	Gabions (pieces)
	50
	40
	30

	Vegetative strips (ha)
	500
	400
	300

	Improved plant density in annual crops on steep slopes (ha)
	300
	200
	200

	Individual terraces (pieces)
	200
	200
	200

	Plant and tree nursery 
	2
	2
	2


4. STRATEGIC LINES OF ACTION

The program for conservation and rehabilitation of tecnified rainfed areas (R013) provides the official financial framework for emblematic watershed projects. Within this framework four strategic lines of action had been defined. The first line of action is focused on protection measures for areas with high risk for degradation processes like forests, the coffee zone as well as fruit plantations. The coffee plantation zone plays an important role for water retention and controlling runoff. This important buffer zone must be conserved having a high priority for strategic watershed planning. 

The second line of action provides restoration measures for gully formations as well as stream and tributary control measures in sub-catchments. The construction of gabions and check dams will be the principal focus. The structures for stream control and water storage should be linked with small supplement irrigation projects at community or farm level. 

The third line of action is directed to the restoration of degraded areas, including landslide stabilization practices. The fourth line of action is focused on mountain paths and roads. The fifth line of action is focused on river control and protection measures for urban areas and agriculture land in floodplain.
5. Conclusions

For the first time the National Waters Program included as a central objective, the implementation of restoration and preservation actions in the upper parts of watersheds. The formulation of strategic lines of actions and the establishment of emblematic projects for the Huixtla, Huehuetán and Coatán watersheds is an important step towards an integrated watershed management in the tropical pacific Coastal region.
The hydro-meteorological monitoring program in the Huehuetán watershed produced important results and sustained the formulation of strategic lines of action with a real data base. The authorities recognized that the build up of a watershed monitoring network is an important component within the emblematic projects and that a real long term database is necessary for a better understanding of hydrological processes.   
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