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The Impact of Climate Change on Infrastructure
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The Climate change - the typical phenomenon is the global warming - was discovered in the second part of 20th century and was confirmed gradually in the researches of the United Nations’ Intergovernmental Panel on Climate Change (IPCC) in the beginning of 1990s to the current time (IPCC – 2006). The international conventions stated the significance and the urgency of the Climate change include: The Framework Convention on Climate change in Rio de Janeiro Earth Summit (1992), the Kyoto Protocol in Kyoto Earth Summit (1997)…which required that all nations coordinate their actions to reduce the threats to human being in the near future.  In the United Nations’ Sustainable Development Agenda 21 and the Johannesburg Earth Summit (2002), Climate change was continued to be regarded as the major threat to the Sustainable Development Goal and it required the Human beings’ coordinated efforts to address.

 Based on the IPCC’s research result; since the commencement of the Industrial era (In the middle of 18th Century), the greenhouse gases emissions from the industrial process and deforestation attributed to the continuous increase of the Earth’s surface temperature. As a result, the Sea level rose, activities of the atmospheric circulations increased and strengthened; then the activities of natural disasters became stronger. 

During the past century, only with an increase of 0.74oC in the global average temperature (IPCC, 2007) caused the Sea level to rise from 15 – 20 cm, the activities of natural disasters were intensified in many areas…the casualty and the material damage were increased rapidly. The annual damage caused by the natural disasters increased from below 10 billion USD (In 1950s) to 50 – 60 billion USD (In 1990s of 20th Century) (IPCC, 2001). In accordance with IPCC’s latest forecast (2007), the content of greenhouse gases will doubles at the end of this century (In 1970s – 1980s) in comparison with the pre-industrial era, the global average temperature increases from 2oC to 4.5oC, which means that it is 3 to 6 times increase than the previous century. At this time, the Sea level could rise to 28 – 58 cm (In comparison with the period of 1989 – 1999) and to 1m with the current rate of meltdown in the 2 polar ice caps. In this context, natural disasters are to increase with the forecasted variations such as: storm, blizzard, whirlwind, torrential rain, drought, prolonged periods of high temperature, even the prolonged frosty periods …, big floods in the rivers, flash floods and the landslides in the mountainous areas; huge waves, flood tides during storms…The status of Climate and Hydrology in many regions would experience the remarkable changes, especially for the regions with cold climate, the dry areas, the coastal areas…

In accordance with IPCC (1996, 2001), Climate change would continue to impact on every aspect of the society and nature; of which, the infrastructure is an important factor. Within this report, the infrastructure is understood as all the civil and industrial construction works in these sectors: Construction, Energy, Transportation, Industry, Agriculture, and Tourism – Service…There sectors have been established recently but they will last in many following decades, even several following centuries. Therefore; during the existing period, these sectors will be influenced directly and continually by the Climate change with more and more influential tendency. To date, the research results of the observations from the past to the present (Mostly in the 20th Century) still provide the foundation for the planning and design of construction works. They are presented in the national or sectoral standards of the environment and the climate which are applicable to the construction and other objects. Therefore, the planning would be reasonable; the construction work would be safe if we assume that the climatic and environmental process were “motionless”. In other words, these processes were random and had no obvious tendency; it also meant that the past processes would repeat themselves in the future. 

The Climate change under the artificial influences caused many climatic characteristics to become stronger and incompletely natural; particularly, the extreme climatic conditions remarkably increased. Within this context, the construction work would not be safe and the conditions, which provided the foundation for the planning and designing, are not the same convenience as in the past. Whether the currently – reasonable master plans and the construction designs could be adaptable to the climate and the environment in the second part of the century?...Presently, these problems can not be ignored in the planning and design process. In the IPCC’s researches, from the first evaluation (1998 – 1990), the second evaluation (1993 – 1995), the third evaluation (1998 – 2000) and to the current fourth evaluation (2004 – 2006); the issues in the planning and the construction were also mentioned in many researches of the Sub workgroups under IPCC’s Workgroup II such as the Sub workgroups on the residential quarter, the coastal area, the Agriculture, the Transportation – Industry – Energy…These research papers are very diversified; Nevertheless, they are not specific for each country due to the fact that the climate and the Climate change vary in the Earth’s surface in terms of the influential degree; some places experience the strong effects, while the others experience the weak effects, some locations are under the strong influence of certain effects but under weak influence of other effects…Therefore, based on the common foundation of the Climate change and the global strategy of mitigating the Climate change, all nations should have their own researches; particularly, the impact assessment of Climate change on the specific socio-economic objects in order to issue the suitable and effective strategies and measures.

In recent years, Viet Nam has also conducted many research papers and research projects on the Climate change and its impacts on the country. However, most of the research approaches are general and qualitative, the quantitative approaches are limited. Therefore, it is necessary to continue the researches on many issues such as the specific scenarios of Climate change in each region, the extreme climatic phenomena… the impact assessment of Climate change on some socio-economic objects was also conducted; however, the impact assessment just focused on the general level and mostly on the agricultural sector, the forestry sector, the energy sector and the healthcare sector. IPCC’s global researches also mentioned the infrastructure, but Viet Nam does not have enough capacity to conduct the in-depth researches to assess quantitatively and specifically in order to provide the foundation for the planning, design and the monitoring of the current climate standards on the construction issued by the sector and by the State.

The recent article in Nhan Dan newspaper (No. 18839 dated March 14th 2007) written by Mr. Tran Duc Luong – Viet Nam’s former President – showed a policy maker’s relatively-comprehensive viewpoint on the Climate change. In his article, He recommended that it is time to conduct a national research program on the Climate change. The program should include the policy makers and experts in the field of planning to revise, re-examine the available research results and to approach the latest research results in the world in order to provide the reliable scientific foundations for the strategic planning and long-term master plan to ensure Viet Nam’s sustainable development. In this article, Mr. Luong also highlighted the significance of issuing the forecast of Climate change scenarios for the next decades and centuries. In the above-mentioned research program, He stressed the planning objects in the construction plans of the infrastructure system, the construction of urban areas, the residential quarter, the industrial zone…In my opinion, these ideas are reasonable.

In accordance with the available researches of Viet Nam and other countries in the world, it is obvious that the impacts of Climate change could present in the following main objects:

1. The construction planning. The construction planning of the infrastructure includes not only the urban and rural planning, planning of the residential quarters, the industrial clusters; but also the construction planning in the Transportation sector, Water resources management, Healthcare, Education, Tourism – Service…Climate, Hydrology and Ocean are the important natural factors for the construction planning. Different architectural patterns are adaptable to the different climatic zones from tropical, temperate, frigid, desert and monsoon climate…these different architectural patterns were formed in a long period, selected intentionally by many generations, expressed typically by the traditional architecture of each nation and incorporated in many textbooks of the tertiary education. The map of climatic zones, which was produced by each nation, provides an important foundation for the construction planning. In Viet Nam, the monsoon mechanism remarkably classifies the country’s climate and produces the distinctive features in the construction planning of different regions. In Northern Viet Nam, the construction planning should combine the requirements of keeping cool in the summer season and keeping warm in the winter season. Meanwhile; in Southern Viet Nam, the only requirement is just to keep cool. The annual variation level and the seasonal structure of many climatic elements in Northern Viet Nam are profoundly different from the Middle and also different from Southern Viet Nam, which require the different levels of adaptability among each region’s infrastructure. Particularly; in the coastal areas, the construction planning has to take account of the distinctive features of the oceanic climate (Which are completely different from the mountainous areas) for example: the Sea level, tides, waves, the water rise…In Viet Nam, most of the coastal areas is directly suffered from the windstorm; this is a special meteorological loading capacity that should be taken into account for the planning of urban areas, residential quarters and industrial clusters.

Climate change leads to the change in the space distribution of many climatic features and even the partial change in the structures of these features. Some types of natural disasters will become stronger; however, some other types become weaker. These changes could result in the alteration in the distribution of space – time of some features and some climatic indicators. Therefore, the available map of climatic zones could be changed. In Viet Nam, coastal areas account for over half of the national border and take an important part in the economic development and in the construction of the infrastructure such as the urban areas, the industrial zones and the residential quarters. Viet Nam’s two key deltas also attach to the coastal areas. The Climate change will have remarkable impacts on these regions due to the important consequences for instance: the Sea level rise in combination with the intensified activities of different natural disasters such as wind and rainstorm, water rise during the storm, huge wave…IPCC proposed 3 adaptive strategies for the Climate change and Sea level rise in the coastal areas, it is necessary to study and apply these strategies to the master planning in general and the construction planning of the infrastructure for the coastal areas in particular.

In many mountainous areas, Climate change leads to the increase of rainfall with the stronger intensity in combination with the deteriorated forest; as a result, the flash floods and the landslides are on the rise. Therefore, it is necessary to re-plan the urban areas and the residential quarters to avoid the previously-occurred disasters. In parallel to the increase of floods, the drought also occurs more frequently, some areas appear the desertization process and this phenomenon would be surely intensified in the following decades. The problems of water supply and irrigation will become more sophisticated and urgent in many regions. These characteristics should be taken into account for the construction planning of the infrastructure in the regions and the urban areas.

Currently, Energy is the big issue for the world and for each nation. It requires that each nation has to plan the energy development in general and the construction of the energy infrastructure in particular including the production, transmission and consumption system of energy in conformity with the Climate change. The energy sectors of each nation try to achieve the target of a clean energy production system and production of the energy with a low level of greenhouse gases emissions. The renewable energy sources such as the solar power, the wind power, the tidal power, the thermal power; hydroelectric power and nuclear power…are put in the strategy of energy development as well as in the planning of the infrastructure construction for the energy sector.

In line with the requirements to adapt to new situations which are caused by the Climate change including the positive and negative impacts, the requirements in mitigation of the Climate change with the focus on the decrease in the greenhouse gases emissions by all nations. This is also each nation’s urgent problem to formulate the development plan in general and the plan of infrastructure construction in particular of all relevant sectors.  

2. The Construction design. The construction design and the construction planning are under the great influence of the Climate change. At first, the construction design is under the general control and the management of the construction planning in terms of the measures to adapt to the environmental changes of the region caused by the Climate change. In addition, the construction design has to pay more attention to the locally-specific impacts and the microclimate conditions. If the construction planning could delay and use the qualitative evaluations of the environmental changes caused by the Climate change, the construction design requires the quantitative evaluations in order to incorporate in the calculating models, to release the specific data of the changes in the construction materials and the expenditures of the construction work.

In the construction design, the climatic loading capacity takes a very important role. Viet Nam has no frost loading capacity, so there are two major climatic loading capacities are the wind the thermal loading capacity. Both two loading capacities also include the changes caused by the Climate change; of which, the changes in the wind loading capacity are mostly noticeable. The wind loading capacity, which put over the construction work, consists of two major factors: storm and whirlwind. Obviously, each factor has the different characteristics and contributions. In the ocean and the coastal areas, storms take the important role. Meanwhile, in the mainland, particularly in the far-flung mountainous areas, the whirlwinds take the pivotal role. The Climate change leads to the increase in the frequency and the intensity of these factors, which results in the increase of wind pressure on the construction works in many regions.

Rain has the direct relationship with the design of the water supply and the sewage system, especially for the urban areas, the residential quarters and the industrial clusters in the low-lying areas, the deltas and the coastal areas. The Climate change would continue to increase the rainfall and the frequency of the heavy rains… As a result, the urban sewage system will have a lot of difficulties. Presently, the inundation phenomena become an urgent problem in the large urban areas. If the impacts of Climate change could not be taken into account from the stage of the new design and the improvement of the sewage system, the inundation phenomena after each heavy rain will be a long-time problem without the effective measures to address. Climate change has the characteristic of increasing the variation of climatic factors; therefore, Climate change could increase the intensity of rain and the frequency of heavy rains, in other hand, Climate change also prolongs the rainless periods and reduces the rainfall in the dry season. Then this situation has a great impact on the water supply for the production and the household’s consumption. Obviously, at the stage of design for the water supply system in the regions, it is necessary to conduct the comprehensive survey of this phenomenon, especially for the regions where may be prone to the possibility of drought and have the signs of the desertization phenomenon. The energy resources use for the water supply and the irrigation system will be surely increased; as a result, the expenditures of the water supply and the sewage system also increase.

In the energy sector, the design of the energy production plants aims at the low emissions of greenhouse gases such as the thermal power plant using the liquefied gas turbine and the nuclear power; the constructions of clean power production plants such as the hydroelectric plants, the wind power plants, solar panels for the power generation, boiling water and drying purposes…the tidal power plants, the geothermal power plants…the buildings, which include residential apartments and public buildings, are designed with the optimal conditions in energy consumption in terms of the lighting, heating and cooling purposes; the buildings which are installed with the solar panels…This is the preferential development direction. This tendency will become the construction standard in many countries and this standard will also applied in Viet Nam.

3. Revision and issuance of new climatic and environmental standards for construction sector. The standards include: sectoral standards, national standards and regulations on climate and environment which are applicable to the construction sector. These standards are also the important and legitimate tools to encourage and force the planners and designers to comply in order to ensure the safety, convenience and cost effectiveness of the construction. The Climate change leads to the changes in the climatic criteria and the changes in the inputs of the design models and planning models. In this context, it is necessary to have the researches and the scientifically-based evaluations on the impacts of the Climate change on different objects of the construction work and the calculation models in order to adjust the climatic parameters used in the construction standards. To revise the climatic maps and to establish the forecast maps for the different periods of 21st Century. On this basis, the recommended adjustments and amendments are incorporated in the relevant standards or new standards and regulations are proposed to help the designers and planners to have the necessary documents for the application to the construction planning and design from the next years.

 In the same situation with the other natural and social objects, the impacts of Climate change on the different objects are not completely similar; In addition, these impacts are not identical between the regions. The above parts mention some of the most typical and general objects in the infrastructure construction and the impacts of Climate change on these objects in Viet Nam. In order to achieve the scientific valuations on the possible impacts of Climate change on the infrastructure in general and the different objects of the construction in Viet Nam’s regions; I recommend that some measures should be implemented:

· At first, to approach and update the latest research results of the global climate change which have been announced worldwide. To focus on the IPCC’s research results which are released in 2001 and 2007. In line with the general evaluations, there are also the specific and comprehensive evaluations on the impacts of Climate change on the infrastructure. It is necessary to update and analyze these evaluations to apply to the reality. It is very essential to build the forecast scenarios of Climate change for 21st Century; more importantly, to study the measures, the models to transfer these scenarios of global climate change to the nations and small regions. Based on this foundation, to research the suitable applications to Viet Nam’s conditions; afterwards, to apply the scientific methods and the most modern tools to build the scenarios of Climate change for each region, each area which are in focus. At present, many arithmetic models could help us to quantify the impacts of Climate change to the objects, regions and periods that we need to concentrate.

· To assess the impacts of Climate change on the planning of the infrastructure. To pay great attention to the environmentally-sensitive areas and the key development areas at present such as the coastal areas, Mekong delta, Red River delta, mountainous areas prone to flash floods and dry areas with the desertization phenomenon…On that foundation, to propose the suitable measures in the planning of the infrastructure to the end of 21st Century. To recommend the adjustments in the construction strategy and the current master plan considering the impacts of Climate change through the different stages to the end of 21st Century.

· To assess the impacts of Climate change on the different objects in the construction design. To find the different objects, parameters and stages of the construction design which are under the influence of Climate change. These factors should be paid more attention by the designers. In terms of the completed construction works, it is necessary to study the objects and the work items of the construction that could be under the impacts of Climate change during the existing period of the construction works. Then to map out the necessary processes and measures to guarantee the usage period and functional requirements of the construction works in accordance with the previously-designed purposes. 

· To revise the climatic regulations and standards apply for the construction. The revision of standards is the regular task of all sectors. It is necessary to prepare the foundation for the revision of the climatic regulations and standards applicable to the construction including the examination of amendment of the data sets to ensure the optimal update capacity. To recalculate the used parameters on the basis of the latest data source in comparison with the period of examination. To study the regulatory model of the climatic parameters which were used in different periods of 21st Century on the foundation of the relevant forecast models of Climate change. To revise the climatic maps which are being used in the climatic regulations and standards. To recommend the adjustments and even new maps with the consideration of Climate change for some important milestones of 21st Century, this could help the planners and designer to visualize more clearly the climatic situations in the next periods in order to issues the effective measures and adaptations.

· To further the cooperation among the meteorologists, experts, construction planners and designers; domestic and external experts with long experience of this problem. To promote the training activity on the Climate change and its impacts on the construction in the colleges and universities which are specialized in the architecture, construction and hydrometeorology…to provide students with necessary concepts and knowledge of this problem before they work in reality.

The above parts just mention the primary ideas of the discussed problem. I hope that this problem will be completed by the researches which are conducted in Viet Nam and bring back the practical outcomes to serve effectively Viet Nam’s long-term development process.  

References

1- Tran Viet Lien, 1990: Climate change and its impacts on Viet Nam’s agriculture. Center of Natural resources and Environment. Ha Noi University. (125p). 

2 – Tran Viet Lien, 1993: Impacts of Climate change on the energy system and transportation. National Conference on Climate change and the Adaption Strategies. Institute of Planning and Management of Water Resources.  . Ha Noi (14p).

 3 – Tran Viet Lien, 1996: Impacts of Climate change on people’s health in Viet Nam. Report of the National Conference on the Implementation of United Nations’ Framework Convention on Climate change. Ha Noi. March 1996. General Department of Hydrometeorology (6p).

3 - Tran Viet Lien, 2000: Impacts of Climate change and Sea level rise on Viet Nam’s coastal areas. Collection of Research results of Hydrometeorology. The Agriculture publishing house. (Page 85 – 100). 

4- Ministry of Natural Resources and Environment, 2003. Viet Nam’s first report on the United Nations’ Framework convention on Climate change. Ha Noi (138p).

5- ADB 1993. Impacts of Climate change on natural conditions and socio-economics in Vietnam. Report 1. IWRPM. (137 p).

6 - Tran Viet Lien, 2002: Climate change scenario for Red River Catchment. Civil Engineering & management. University of Twente. The Netherlands. 

7 - J. Skea, R.A. Morino, A. Gacuhi, D.L. Greene, Tran Viet Lien, T. Okita, A. Riedacker, 1995. Industry, Energy and Transportation: Impacts and Adaptation. Climate Change 1995. Impacts, Adaptations and Mitigation of Climate Change. WMO & Unep (p 365-398)

8- WMO&UNEP, 1995: Climate Change 1995. Impacts, Adaptations and Mitigation of Climate Change: Scientific-Technical Analyses. Working Group II - Cambridge University Press USA (890p).  

9- WMO&UNEP, 2001: Climate Change 1995. Impacts, Adaptations and Vulnerability. Working Group II - Cambridge University Press USA (564p).  

10- WMO&UNEP, 2007. PRESS RELEASE. The evidence for human-caused Global warming is now “unequivocal”. IPCC (Website: www.ipcc.ch)
PAGE  
1

