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1. Introduction

National Biodiversity Planning to Support the Implementation of the CBD 2011-2020 Strategic Plan in the Republic of Sudan, is a project aims towards integrating the country’s obligations under the Convention on Biological Diversity (CBD) into its national development and sectoral planning frameworks through a renewed and participative ‘biodiversity planning’ and strategizing process, in a manner that is in line with the global guidance contained in the CBD’s Strategic Plan for 2011-2020. The project is also intended to build national capacity within the topic of biodiversity planning and expected to achieve three key outcomes, as follow:

· A participative stocktaking exercise on biodiversity planning takes place and national biodiversity targets are developed in response to the global Aichi Targets

· Sudan’s National Biodiversity Strategy and Action Plan (NBSAP) is revised/updated and it fully integrates new aspects of the CBD strategic plan, such as mainstreaming and anchoring the implementation of the plan into national development frameworks, valuing ecosystem services and promoting ecosystem-based adaptation and resilience.

· National frameworks for resource mobilization, Convention reporting and exchange mechanisms, including the Clearing House Mechanism (CHM) of the CBD, are established and strengthened. 

This study on biodiversity and climate change aims towards developing better understanding of consequences of the impacts of climate change on and the role that the biodiversity and ecosystems play in climate change mitigation and adaptation. The previous NBSAP did not adequately address aspects of climate change, therefore this task would enable the project to incorporate climate change issues into revised NBSAPs. A national Climate Change Working Group has been established to undertake this specialized consultation, to support the rapid assessment of biodiversity and climate change interface in the Sudan, in line with the guidance of the CBD. The tasks of the working group involved generating climate related information and response options to enable Sudan prepare for managing its biodiversity and ecosystems in a changing climate. It is also expected to provide knowledge and capacity building services to the Government of Sudan, as well as to other key stakeholder involved in the implementation of this project.

The TORs prepared by the project management define the scope and outcome of this work. The report of this consultancy should provide the main input to the preparation of a revised National Biodiversity Strategy and Action Plan (NBSAP) for Sudan, in accordance with outcome 2 of the Project “to revise/update the existing NBSAP and integrate new aspects of the CBD strategic plan, such as mainstreaming and anchoring the implementation of the plan into National development frameworks valuing ecosystem services and promoting ecosystem-based adaptation and resilience”. The specific Tasks of the Working Group could be summarized in the following points:
· Identify areas important for carbon sequestration, climate change mitigation and provide advice on protection and management strategies. 

· Update the country’s ecological gap assessment to include predicted future distribution of biodiversity under climate change scenarios. 

· Assess the impact of climate change on biodiversity and the functioning of important ecosystems services in Sudan. 

· Identify areas important for improving nature’s ability to adapt to climate change, such as altitude gradients and conservation corridors. 

· Identify areas of particular importance for building climate resilience, adaptation and for greenhouse gases mitigation. 

· Analyze global, regional and national sources of climate finance for action in the NBSAP, including international foundations and non-governmental organizations (NGOs).

Desk based research in which the working group members reviewed available literature from national and international sources. The national literature included some very recent reports prepared for the Sudan’s National Adaptation Plan, these include reports from the 18 States of Sudan containing information on assessment of the impacts, vulnerability and adaptation of the water, agriculture and human health sectors, prepared by State’s technical committees established by the NAP project, consist of experts from line ministries, research, academia and civil societies organizations. In addition there are also recent reports from NAP preparation on climate scenarios and on assessment of vulnerability and adaptation of important marine and costal ecosystems such as mangrove, coral reefs, etc.

This report has been organized into four main sections with broad titles encompassing all elements in the terms of reference, according to their numbers the second section is on the biodiversity areas and systems that area important for carbon sequestration, third section is on Predicted future distribution of biodiversity under climate change scenarios, fourth section is on Climate Change Impacts on Biodiversity and Ecosystems and the fifth section is on Sources of climate finance for the NBASP.
2. The biodiversity areas and systems important for carbon sequestration

The relationships between biodiversity, ecosystems such as rangeland and forests, and carbon sequestration are complex and interdependent. Forests play a major role in the global carbon cycle, covering about a third of the earth’s land surface and containing substantial proportion of the world’s terrestrial biodiversity (IUFRO, 2012). The tropical rainforest, moist forest and montane systems contain most of earth’s terrestrial biodiversity. Deforestation and forest degradation within these ecological zones are the main drivers of terrestrial biodiversity loss. Forest loss considered as the second largest anthropogenic source of carbon dioxide emissions that is equivalent to about 12 percent of fossil fuel emissions (Pan et. al., 2011).
Forests ecosystems provide a wide range of goods such as woody and non woody products (energy, building material, medicine, fruits, gums, tannins ….etc) and services such as erosion control, nutrient cycling, soil fertility; food security, water purification regulation, recreation, cultural…etc). Evident has been provided that ecosystem functioning (services) increases with increasing biodiversity (Chapin et al., 2000; Hooper et al., 2005). Many studies proved the links between biodiversity and, pollination (Fontaine et al., 2006), predation (Ives et al., 2005), decomposition and other soil processes (Culman et al., 2010) and biomass production in forests (Wardle et al., 2012). Other Studies indicated that, plantations of native and exotic species have significant positive effects on different components of the carbon cycle such as productivity (Healy et al., 2008), decomposition (Scherer-Lorenzen et al., 2007), soil respiration (Murphy et al., 2008) and plant mortality (Healy et al., 2008). Studies also showed that diversification of species resulted in higher level of productivity than mono cropping. However many studies findings suggested a positive relationship between species richness and some aspect of forest production or respiration ( Zhang et al. 2012).

Some main characteristics in Sudan are influencing biodiversity in the natural ecosystems. The highest point in the country is Jebel Marra; 3024 meters above sea level. The lowest is the Red Sea; 0.0 masl. The most salient geographical features are the Nubian and Bayuda Deserts in the north, the Nile Valley, Jebel Marra, Nuba and Ingessena & Red Sea Hills. The Blue Nile and White Nile, which unite at Khartoum and with their tributaries, form the River Nile, which runs north to the Mediterranean Sea.The soil in about 60% of the country is predominantly sandy. Heavy cracking clay soils makes some 25% of the country. 

Red soils of different types are characteristic of the remaining part of the country. The rainfall varies from zero in the northern desert to more than 1200 mm in the High Rainfall Woodland Savannah in the southwestern portion of the country. The vegetation can be divided into six principal types which in general follow the isohyets and form consecutive series from north to south: 1. Desert; 2. Semi-Desert; 3. Acacia Short Grass Scrub; 4. Acacia Tall Grass Scrub; 5. Broad-leaved Woodlands & Forests; 6. Swamps (permanent swamps, seasonally inundated land), Grassland and Mountain Meadow. The effect of the topography on vegetation is limited and confined to mountain massifs, hills, upland country and Nile Valley and its tributaries.

2.1. Forestland

Sudan forests domain is basically natural structure contained in reserved forests (government and out-growers tenure) and natural non-reserved forests. The plantation area is not more than 3% of the reserved forests area. Based on the Africover assessment, the Forests National Corporation (FNC) estimates that, after secession of South Sudan, forests cover constitutes about 11.6% of the total country area, the agricultural land represents 13.7%, rangelands 26.40%, bare land 48.13% and water bodies 0.17%. The national forest inventory north of latitude 10oN (NFI 1996) concluded that the annual average growth of forests in Sudan was approximately 11.0 million cubic meters which was far below the national annual consumption rate of wood estimated by FAO/FNC (1994) to be about 22 million cubic meters in 2012. Recently the FNC estimated the annual deforestation in Sudan at 2.4%.

Sudan is rich with diversity of forest and range resources, which constitute a base for substantial contribution in economic development. Sudan is characterized by variation in climatic zones from north to south with the desert and semi-arid constituting almost 50% of the country area. The Savannas zone (40% of Sudan area) is the richest in forest resources and most inhabited part of the Sudan. In Sudan, forest ecosystems host the most species richness and endemic species. Forests contribute significantly in the dominant traditional sector that revolves around traditional land use. Forests provide protection for a variety of genetic resources of plants and animals. There are some 535 tree species in Sudan 25 of which are exotic. There are 184 species of shrubs including 33 exotics. Unique areas of special vegetation species are found in the Red Sea Coast, along river Nile and mountain. Agricultural expansion in the Savannas constitutes one of the major factor that causes deforestation and forest degradation.

Evidently, forests play a very important role in carbon sequestration and storage e.g. of the global forest carbon stocks, an estimated 55 percent (471 Pg C) is stored in (sub-) tropical forests, of which more than half is stored in biomass (Pan et al., 2011). The sequestration and storage of carbon is one of the main forests ecosystem services supported by biodiversity where, carbon is sequestered through photosynthesis and forests can affect the long-term balance of carbon gains and losses globally through different components of the carbon cycle (Barantal et al., 2011). The concept of forest reservation is well understood as an efficient and effective forest and tree tenure system that provided for forest and tree ownership at government, communal, private and enterprise levels (Mohamed, 2011) 

Table 1: forest ownership in Sudan: -

	Type of ownership
	Area in hectare

	Forests owned by gum Arabic producers
	6006112

	Forests owned by individuals
	48660

	Forests owned by communities
	165814

	Forests owned by companies
	126074

	Reserved Forests owned by Government 
	12524101

	Total
	18870761


Source:  FNC reports
The contribution of forests sector to the national economy is greater than official estimates. The per capita consumption of fuel wood is 0.7 cu m/annum which when converted into Ton/oil Equivalent (TOE) could be valued at nearly 2.0 Billion US dollars. Moreover, the non-wood forest products are diverse and have substantial contribution in the livelihood at the household level and at the national economy and also contributing to environmental protection and conservation of biodiversity in plantations and natural forests. NWFP have also attracted considerable global interest in recent years due to the increasing recognition of their contribution to environmental objectives, including climate change mitigation and  conservation of biological diversity. Sudan is confronted with various challenges including serious environmental problems represented in deforestation, land degradation, desertification and climate change that threaten the Sudanese people’s wellbeing and peaceful life, which are strongly linked to food security and sustainable development. Sudan’s forests store significant amounts of carbon but are subject to heavy pressure for energy, agric expansion, fires and other natural disturbances that cycle carbon between terrestrial ecosystems and the atmosphere. Forest fires and the utilization of fire wood & charcoal release significant amounts of greenhouse gases to the atmosphere and under increasing population and more severe fire regime, increased emissions are expected.

2.2. Rangeland:

Rangeland ecosystems managed for livestock production represent one of the largest land-use system in Sudan, covering an area of 48.2 million hectare composed of 25,982,720 ha of grassland and 22,231,327 ha of woodlands containing scattered trees and shrubs (FAO, 2012).  Most of this area extending from desert and semi-desert in the north to low and high rainfall savannah to the south. In the semi- desert the rangeland cover is a mixture of grasses, herbaceous plants,  Acacia trees and shrubs while in the low rainfall savannah on clay and sand is  a mixture of Acacia species, shrubs and a number of herbaceous plants. Sudan’s rangeland is characterized by wide range diversity where a count of 704 plant species was reported. 

Rangelands contribute significantly to the income and subsistence of a large sector of pastoralists and agro-pastoralists communities providing more than 75% of the total feed requirement of national herds and represent an important asset and a risk management tool for pastoralists and farmers against drought and other natural disturbances. 

The Sudan’s rainfed rangelands are estimated to have a total production of 34.8 million tons of forage. Other sources of animal feeds includes crop residues provide 14.1 million tons, irrigated pastures provide 0.5 million tons and concentrates which provides 0.2 million tons of forage (Sudan R-PP)

The unreliable nature of rainfall, together with its concentration in short growing seasons, heightens the vulnerability of grazing and rain-fed agricultural systems and accordingly. Southward shift of agro-climatic zones, negatively affecting pastoralists and agro pastoralists living in many parts of the country who became increasingly unable to sustain production levels of animal feed and subsistence agriculture (Sudan’s R-PP, 2013) . As stated by Sudan’s R-PP, 2013, the rangelands are the most vulnerable system to climate variability and climate change and the impact of the climate change on rangelands is clearly manifested in:

· Steady deterioration of both the productivity and biological diversity of the rangelands in the area coupled with dominance of undesirable range plant species, disappearance of valuable forge species, loss of biodiversity and change in species composition,

· Intensifying pressure on the fragile and deteriorating resource base and

· Reduction of rangelands productivity per unit area from 1.2 ton/hectare in 1980s to 0.2 ton/ha in 2009 (Range and Pasture Administration 2009).

Rangelands in Sudan hold a considerable potential for carbon sequestration and could have a considerable impact on reducing greenhouse gas emissions. In addition, soil organic carbon in rangelands can contribute positively to the environment. Although the potential for carbon sequestration on rangelands is lower than that of forestlands (when comparing equal units of land) but still rangelands hold promise to affect the carbon cycle worldwide because of its large areas.

2.3. Agriculture:

Agriculture is the main contributor to the Sudan’s GDP, it provides employment for about 70-80 percent of the labour force in rural areas. The agriculture sector is divided into two sub-sectors: irrigated and rainfed agriculture with rainfed further divided into two traditional and semi-mechanized systems. The rainfed sub-sector is subject to huge production fluctuations due to variable rainfall and market situation. About 12 million ha of rainfed food crops produced from an estimated arable area of 19 million ha in the whole country (SIFSIA, 2012). The irrigated sector is made up of a small to medium-scale mechanized, commercial farms. Regarding current levels of food production, the irrigated subsector usually accounts for some 4.6 million feddans (2011) providing 25 - 30 percent of domestic cereal production, depending on season while the rainfed sub-sector accounts for the remaining 70 percent of cereals grown in Sudan. Irrigated areas are watered basically from the Nile and its tributaries through gravity irrigation from dams, pumps or flood irrigation from seasonal rivers like Gash and Tokar. A Small area is irrigated from ground water. Six dams ( Sennar, Jebel Awlia, Roseires, Khasm el Girba and Merwe).

The semi-mechanized sector consists of a number of individual big farmers and companies comprising accumulations of registered areas of nearly 6.7 million ha. Irrigated agriculture is practiced on some 1.7 million ha in mostly gravity-fed schemes, 93 percent 8 of which were, until 2010, government-owned. These include Gezira scheme, Rahad Scheme, the New Halfa Scheme and Suki scheme. Farming practices in the irrigated subsector include crop-rotations, mechanized land preparation, use of improved seeds, fertilizers, pesticides and herbicides. Average yields of cereals are higher in the irrigated sector than in the rainfed sector in most years (SIFSIA, 2012) 

The main crops in the irrigated sector are sugar cane, sorghum, cotton, wheat, ground nuts, winter pulses, vegetables, fruit and green fodder. The sector uses the bulk of imported agricultural inputs (Anon 2000). Irrigation facilities are government owned, land is under government control and is allocated to tenants in holdings of 15-40 feddans. Mechanization is considered a most suitable means of cropping in Sudan’s central clay plains where, Sorghum is the leading crop followed by sesame, sunflower, millet and cotton. The area of traditional rain-fed agriculture is estimated at 6.3 million ha. It is practiced primarily in west and central Sudan.  Where millet, ground nuts, sesame, sorghum are the major agriculture crops.  Cereal crops grown in Sudan include sorghum, pearl millet, wheat, maize, rice, finger millet and barley (Anon 2009). 

Pests and diseases on crops have negative impacts on the genetic variability within the crops. A number of pests, fungal, bacterial and viral diseases are known to attack crops. Quarantine measures are not effective enough to restrict the introduction of new pests and diseases. Farmers are used to select the outstanding strains for cultivation, guided by their inherited knowledge on the environment and crops. Such practice leads to the dominance of few genotypes at the expense of others (Sudan R-PP, 2013)

According to the IPCC while burning fossil fuels accounts for large emissions of carbon dioxide, agriculture produces the most methane and nitrous oxide worldwide. Global climate change, if it occurs, will definitely affect agriculture. Most mechanisms, and two-way interactions between agriculture and climate, are known, even if not always well understood. It is evident that the relationship between climate change and agriculture is still very much a matter of conjecture with many uncertainties (Rosenzweig and Hillel, 1993); it remains largely a conundrum. Modern agriculture, food production and distribution are major contributors of greenhouse gases: Agriculture is directly responsible for 14 per cent of total greenhouse gas emissions, and broader rural land use decisions have an even larger impact. Deforestation currently accounts for an additional 18 per cent of emissions. The most significant sources of Methane come from the decomposition of organic matter in agriculture. Nitrous oxide is another powerful greenhouse gas, which is heavily produced in the agriculture sector, specifically in the production and use of organic fertilizers. GHG emissions in agricultural sector in Sudan come from several sources, including crop residues, savannah burning, livestock, and agricultural soils. From these sources, the key GHGs are CH4, N2O, NOx and CO. As stated in Sudan's First National Communications report 2003, GHG emissions from the agriculture sector are dominated by CH4 (1,713 Gg) where, livestock enteric fermentation was found to be  the main source constitutes about 95% (1,632 Gg) of the total agricultural CH4 emissions.

2.4. Wildlife

As stated by UNEP WCMC  2008, Protected areas are primarily designated for the purpose of biodiversity conservation, but have a substantial additional value in maintaining ecosystem services; including  climate regulation through carbon storage and carbon sequestration. Protected areas worldwide cover 12.2% of the land surface, and contain over 312  GtC, or 15.2% of the global terrestrial carbon stock Effective management of Protected area is essential to climate adaptation  to ensure adaptation to climate change  where, restoration, focusing on resilient habitats, managing specifically for anticipated threats such as fire and pests, and addressing other threats are well considered. Restoration will be important both within protected areas and around them in targeted locations within the wider landscape. Protected area management strategies and plans should include options for carbon storage, carbon sequestration  as well as reducing emissions from deforestation and forest degradation (UNEP WCMC , 2008) , Protected areas are designated with the objectives  of conserving biodiversity, but also fulfil an important role in maintaining terrestrial carbon stocks, especially where there is little other remaining natural vegetation  cover (UNEP WCMC , 2008)

“The wide variety of ecosystems and vegetation types in the Sudan is reflected in its fauna. Brocklehurst (1931) in his book titled: Game Animals of the Sudan outlined their habitats and distribution and provided useful information on the "game animals" at historic times. Setzer (1956) reported that 224 species and sub-species of mammals, other than bats, belonging to 91 genera, have been described in the Sudan. It is worth mentioning that out of the thirteen mammalian orders in Africa, twelve occur in the Sudan. Nimir (1984) produced a list of 52 major wildlife species and their distribution in Northern Sudan. Holsworth (1968) produced a list of 83 major wildlife species and their distribution in 19 protected areas in the Sudan. Cave and Macdonald (1955) reported on the distribution of 871 species of birds in the Sudan. Nikolaus (1987) produced the distribution atlas of Sudan's birds with notes on habitat and status, which included information on 931 species” (Sudan R-PP, 2013). 

Forest protected or reserved areas for wildlife conserve ecosystems that provide habitat, shelter, food, raw materials, genetic materials and sustain ecosystem goods and services. The protected areas have an important role in supporting wildlife, species, and people to adapt to climate change. Protected forests and areas have been considered as a major tool for biodiversity conservation. In the face of climate change these roles become more critical to enhance the adaptive capacity of local people to cope with climate change (Simms, 2006). Twenty-four areas are gazetted and declared as protected areas and an equal number of areas are proposed and only a few of them have game scouts present. Due to the droughts during 1970s and 1980s and the expansion of the semi-mechanized agriculture, the Sudan lost a large amount of its wildlife. 

2.5. Potential of Biodiversity area/system for carbon sequestration:
2.5.1. Forest: Afforestation and reforestation (A/R) and their potential:

The Climate Change Convention and its the Kyoto Protocol’s encourage mitigation activities focusing on carbon sequestration through afforestation and reforestation process that eventually have an impact on biodiversity and climate change. The reforestation of degraded lands provides opportunities to improve biodiversity and increase carbon sequestration and storage, especially with proper species selection (native species). Artificial or natural regeneration contribute to the dispersal capabilities of some species by extending areas of forest habitat. Establishment of plantations of mixed tree species will usually support more biodiversity than monocultures. Long-rotation plantations that allow for establishment of diverse understory plant communities and accumulation of vegetation and soil carbon is more beneficial than short-rotation plantations (Kuzovkina et al, 2008).

The large surface area gives Sudan carbon sequestration potential a global significance. The fact that large areas within Sudan have been degraded means that they constitute a potential area to sequester carbon. Sustainable land management practices that address desertification, deforestation and forest land degradation in Sudan can have significant carbon sequestration potential. Afforestation and reforestation activities have been practiced in the Sudan since 1911, yet these activities often not thoroughly systematic and concentrated in the reserved and non- reserved forests including protected areas and rangeland. There are more potentials for A/R  by community and private sector in the form of private and community forestry e.g. companies and agricultural schemes, such as Kenana, Rahad, Guneid, Sennar and New Halfa (see table 2). As wood market is currently deficient of supplies, it is expected that private and community forest plantations increase to meet growing demand (Abdel Magid, 2006). Moreover, the need for fuelwood and production of other non-wood products for food security and income generation has created interest in tree planting in rural areas. 

Effective restoration of biodiversity trough A/R depends on past land use pattern, distance to native seed sources, persistence of root stocks and seed bank, and presence of seed dispersing wildlife, as well as plantation species, age, and management. A/R help in restoration of degraded areas where native species inhibited, by improving soil conditions through increased organic matter and litter production, by shading out competitive grasses and other light-demanding species, and by creating a microclimate more favorable for seed dispersal and colonization, particularly for animal-dispersed species. Afforestation of natural ecosystems usually alters habitat substantially for native flora and fauna (Biodiversity, Climate Change and Adaptation, 2008). Rapid growth plantation may be beneficial for some wildlife species. A/R (plantations) effects on soil carbon and biodiversity depend upon the characteristics of plantations and the previous land uses. Amphibians and reptiles can be easily colonized in the plantation forests. Plantation trees can work as the basis of food chain and contribute to important ecosystem services including climate regulation, water purification, and pollination. Plantation forests can perform like natural forests if they are composed of locally occurring native tree species which support more diversity than exotic species plantations (Biodiversity, Climate Change and Adaptation, 2008). Generally, biodiversity and carbon sequestration process in the plantation forests can be enhanced through conservation of remnant native trees, using of long rotational tree species, planting native species than exotics and poly-cultures than monocultures, avoidance of intensive site preparation, and applying appropriate management regimes so as to encourage native species colonization (Wilsey et al 2009). Canopy opening and closure is an important factor for understory richness thus, thinning may facilitate establishment of shrubs and herbaceous flora.

In some areas in Sudan, the forest and tree coverage have been increased through afforestation and reforestation. Some plantation species provide critical habitat for endangered species and they provide wildlife corridors and play an important role in sustainable development. Government plantations rely mainly on rain-fed system in the savannah region.  About 5% of the plantation area is supported by irrigation in irrigated agricultural schemes and community tree formations (Mohamed, 2011). In spite of the small area and limited contribution of plantations, Sudan possesses experience in plantation establishment and management, which goes back to the middle of the 20th century.  These forests are grown in variable rotations and their management is based on working plans that attempt to maintain a sustainable flow of goods and services at community and national levels. 

As reported by FNC, the annual afforestation and reforestation programs ranged from 2,100 ha to 2,520 ha during the period 1910—1950 (Mohamed, 2011).  The planting areas between 1990 and 2009 are given in Table 3.  The data indicate that the average annual plantation area ranged between 23,190 ha during 1995-99 to 48,330 ha during 2005-09 (Table3). The annual plantation areas include afforestation, reforestation, natural regeneration of existing forestlands and natural expansion of forests into land not previous forested.  The data on regeneration include areas which are cleared and then regenerated on both forests and other wooded land, but they exclude natural regeneration under existing tree cover.  The data indicates the fluctuating nature of the annual planting, which depends on the availability of financial resources.  It also shows that community plantations are significantly increasing during recent years 

Table 2.  Afforestation/Reforestation areas (in ha) from 1990 to 2012.

	Period
	Public (in and outside reserved forest)
	Community
	Total

	
	Total
	Average
	Total
	Average
	 

	1990-1994
	122,940
	24,590
	56,390
	11,280
	179,330

	1995-1999
	117,230
	11,160
	60,170
	12,030
	177,400

	2000-2004
	69,870
	13,970
	52,440
	10,490
	122,310

	2005-2009
	133,630
	26,730
	107,980
	21,600
	241,610


        Source: FNC  annual reports

In Sudan plantations (A/R) were mainly established for the following purposes:

· Fuelwood and building material (irrigated eucalyptus and acacias plantations)

· Sawn timber production (Acacia nilotica in riverine forests, soft wood plantations in Jabel Marra, teak and mahogany plantations in central and southern Sudan)

· Environmental protection (shelterbelts, wind breaks in agricultural schemes, acacias plantations for combating desertification in semi desert eco zone)

· Watershed protection (plantations along seasonal rivers and water courses, canal site plantations in northern Sudan, Plantations in Jabel Marra) ….etc)

· NWFPs (mainly out-rowers and plantations in reserved forests for gum production, forest fruits, tannin and fodder).

Very extensive areas of degraded forests and of deforested areas now exist in Sudan, with significant adverse effects on conservation of carbon stocks and biodiversity, and thus on the provision of many ecosystem services. The establishment of the plantations for sustainable wood production and for carbon sequestration will also results in various environmental and social benefits. These include the creation of stable employment and benefits for local people, conservation of natural forests and reduction of pressure on surrounding natural forests. A/R, forest restoration, management and conservation measures need to be planned on the appropriate spatial scale to ensure biodiversity benefits (Thompson et al., 2009). Such measures should also harness the benefits of biodiversity for carbon sequestration and storage (Diaz et al., 2009).

There are currently no national analyses on the impacts of afforestation and reforestation on carbon sequestration in Sudan. However, an ex-ante estimation of the carbon removal expected to occur in a proposed project area of the Butana Carbon Sequestration Project (implementation expected to start end of 21013), gives an indication of the likely good potential of these areas for carbon sequestration. 

Table 3: Estimates of carbon sequestration potential of selected A/R forms for Butana area

	A/R forms
	Species
	Rotation

Yrs
	Annual Removal per hectare

t CO2/ha/yr

	A/R on rainfed areas
	Mixed acacia spp using 60% talih (acacia seyal)
	17-20
	10.8

	A/R on irrigated areas 

(2 options)
	Acacia nilotica


	30
	19.1

	
	Eucalyptus spp


	21
	35.1


The spreadsheet of the Bio C/F of the World Bank is used to estimate the carbon sequestration potential. Mostly default data from the IPCC GPG-LULUCF (2003), data from FNC and input from national experts are used to drive the estimates for the expected carbon removal (see table below).  In the selection of the parameters due consideration was given to drive conservative estimates of the expected carbon removal.

Based on Sudan National Communication reports and according to the forest law (allocation of 5% and 10% of irrigated and rainfed agricultural schemes), Land available for A/R in Sudan is estimated at more than 17 million feddans for both A/R  and rangeland rehabilitation  in  Sudan,  see table 4 below.

 Table 4 . Land available for A/R, range and its carbon sequestration potential 

	Site
	Size of available land

(Million hectare)
	Rainfed (A/R)

(Million hectare)
	Irrigated A/R

(Million hectare)
	Average Incremental carbon uptake

(000tC/ ha)

	10% of rainfed mechanized agricultural schemes (mixed Acacia)
	1.5
	1.5
	
	38.1

	Irrigated area in central Sudan (5%)
	0.085
	
	0.085
	283.6

	Waste land and degraded area in central Sudan (forest & rangeland)
	15.7
	15.7
	
	40.77

	Total
	17.285
	17.2
	0.085
	


Source FNC (Forest strategy 2012) and Sudan first national Communication Report (2003)

The main objective in establishment of the forests component in mechanized rain fed farming is the compensation for the deforestation created as a result of expansion of mechanized agriculture. The forest established is based on a presidential decree, which states that 10% of the area of all mechanized farm schemes and 5% of the area of irrigated schemes should be maintained as a forest cover. However, the forest cover within the mechanized farm is designed as a shelterbelt in order to serve as a protective shelter for the agricultural scheme (Mohamed, 2011).

In the institutional type of irrigated schemes where the responsible institute has to establish the forest area as 5% of its irrigated scheme area, the institute is the owner of the forest and enjoys all rights of ownership. The institute will be responsible about the forest area, its protection, maintenance and management. A forestry administration unit should be established as part of the hierarchical structure of the scheme administration as in Rahad and Kenana Sugar irrigated Schemes. In some irrigated projects, the forest plantation is owned by the farmers union as in Gezira scheme or by the Forest National Corporation as in New Halfa Agricultural Scheme. In these schemes, the owner enjoys all rights of benefits and bears all responsibilities of management.

Growth, yield and rotation age are the main parameter needed to estimate the carbon sequestration and storage potential of any tree specie. As a result of the variable cultural and other factors, the growth and wood increment of the plantations have varied widely. For quality class III sites, which appear to make up most of the areas, yields to rotation age of 8 years for seedling stands have varied from 1 (sometimes even less) to about 10 m3/ha per year with a mean of about 6.5. In a few instances, on better sites, they have reached 23 m3/ha. Masson and Osman (1963) gave the average yield of irrigated E. microtheca plantations in the Gezira as 7.3 m3/ha per year at 7.5 years. In his analysis of production and production prospects for these plantations, Foggie (1967) noted that water was commonly applied irregularly and frequently in inadequate quantities. Under these conditions, the average yield was 6.6 m3/ha per year although, sometimes, under more consistent watering regimes, MAI reached 9.9 m3/ha per year. He believed that, under more adequate, regular irrigation, the average should be at least 12 m3/ha per year. El Houri (1977), in his management tables for the same species at Gezira, showed average MAIs from seedling stands at 9 years of 23.3, 14.1, and 6.9 m3/ha for quality class I, II, and III sites with mean heights of 40-60, 40, and 30-40 m respectively. Ahmed also noted that MAIs in succeeding coppice rotations should average 15% more than those from the seedling rotations in class I sites and 10% more for class II stands, although it would be 17% less in class III stands. Mean annual increment (MAI) rotation age data for some species is shown in Table 5 below. 

Table 5 . Estimated Mean Annual Increment for some tree species in Sudan used in A/R

	Author
	Year
	Species
	M3/ha/Yr
	Rotation

	Bayoumi
	1983
	Acacia nilotica
	12
	25-30

	Houri
	1989
	,,       ,        ,,
	22.6
	

	Poulin 
	1984
	,,       ,        ,,
	1.63
	

	Goda
	1987
	,,       ,        ,,
	7.43
	

	Foggie
	1967
	Eucalyptus microtheca
	7
	8+6+6+6

	Houri
	1977
	Eucalyptus microtheca
	4.0
	

	Khan
	1967
	Eucalyptus microtheca
	9.8
	

	Semizoglu
	1987
	Eucalyptus microtheca
	9
	

	Talaat
	1988
	Eucalyptus microtheca
	8.0
	

	Jackson
	1960
	Cupressus lusitanica
	20
	

	Houri
	1989
	,,          ,,        ,,
	3.9
	

	Houri
	1989
	Pinus radiata   
	24
	

	Houri
	1989
	Tectona grandis
	53
	

	Bayoumi
	1983
	,,       ,          ,,
	8
	

	Jackson
	1960
	,,,        ,,      ,,,
	5
	

	N.A.S.
	1980
	Acacia seyal
	0.5-1.0
	15-20

	Abdel Nuor
	1984
	,,         ,,        ,,
	1.0-.4
	

	NAS
	1980
	Prosopis chilensis
	7
	

	Anon
	1986
	Acacia mellifera
	0.7-1.0
	

	Jackson
	1960
	,,          ,,         ,,
	0.6
	

	Jackson
	1960
	Balaniaties aegyptiaca
	0.5
	

	Writer's estimate
	
	Acacia senegal
	0.5
	15-20


Source: Abdel. Magid 1995

Note:

Species (1)
Acacia nilotica (Arabic sunt)

Species (2)
Acacia senegal  (Hashab, gum arabic tree )

Species (3)
Acacia seyal   (Talh)

Species (4)
Balanites aegyptiaca (Hegleig)

Species (5)
Acacia melliferea (Kitr)

Other species : Khaya senegalensis, Tectona grandis,  Cassia siamea, Azadirachta indica consocarpus lancifolis-Ecalypts species-Prosopis chilensis- Acacia tortilis -Ziziphus spina-christi and other species.

2.5.2. Forest: Sustainable Management of carbon stock 

The maintenance of biodiversity relates to the sustainable use and management of natural resources such as land, forests, range and water, to ensure that the Sudan’s life support systems are maintained and enhanced for the present and future generations. The essential ecological services provided by biodiversity in these systems include oxygen production, climate control, carbon sequestration, soil formation and stabilization, water purification, pest control, disposal of wastes and nutrient cycling (Curran 2000). Sustainable forest management ensures that carbon stocks of the forests is maintained and increased over time in the above and below ground biomass, dead organic matter and soils.

Alam, 2013 study tree biomass Carbon and soil organic carbon densities for the Sudanese woodland savannah where tree biomass C densities for 39 map sheet grids derived from the spatially distributed aggregated forest inventory data collected by Forests National Corporation between 1995 and 1997, where mean volume (m3 ha-1) of the above-ground biomass was converted into C densities (g C m-2) using a wood density (dry matter) value for deciduous trees of 0.65 g cm-3 and assuming a dry matter C content of 50% (Dixon et al. 1991, Fang et al. 2001) and below-ground C densities were calculated using an estimate of below-ground biomass. Soil organic Carbon densities (g C m-2) for the same 39 map sheet grids were derived from the Harmonized World Soil Database (HWSD; FAO/IIASA/ISRIC/ISS-CAS/JRC 2009) soil data. His results showed that Grid mean aboveground biomass C density value was 112 g C m-2. Tiessen et al. (1998) reported above-ground biomass C density values for degraded savannah in Senegal of between 100 and 200 g C m-2 and that of non degraded savannah were 175 g C m-2 in Senegal and 120 g C m-2 in Burkina-Faso. He found that grid mean below-ground biomass C density and mean root-shoot ratio 33 g C m-2 and 0.31, respectively. Tiessen et al. (1998), using an above- to below-ground biomass ratio of 0.38, reported below-ground biomass C density values of between 250 and 500 g C m-2 for degraded savannah in Senegal, while Grace et al. (2006) reported that of between 490 and 5000 g C m-2 for savannah ecosystems from around the world. Below (Alam, 2013). Results of his study indicated that grid mean soil organic carbon density values for the top- (0-30 cm) and sub-soil (30-100 cm) were 2558 and 2895 g C m-2, respectively and that of to a depth of 1 m was 5453 g C m-2. Post et al. 1982, Jobbágy and Jackson 2000, Henry et al. 2009 provided similar soil organic carbon density values.  

Studies carried out in Sudan by Jakubaschk (2002) that based on only a few soil samples and El Tahir et al. 2009 gave considerably lower soil carbon density values than this Alam study. The Soil organic carbon densities reported by Jakubaschk (2002) averaged 416 g C m-2 (ranging from 315 to 510) for the 0-20 cm layer and 490 g C m-2 (ranging from 436 to 621) for the 20-50 cm layer in sandy soils supporting undisturbed Acacia senegal in Northern Kordofan. The study carried out by El Tahir et al. (2009) was based on 144 soil samples taken 1 m from the trunks and in the open (midway between the trees) of a pure 6-year-old A. senegal plantation in North Kordofan reported a mean soil organic carbon density value of 738 g C m-2 for the 0-30 cm layer. 

Table 6. Management of different Sudan Land Cover Classes for carbon sequestration and 
                storage

	Land Cover Class
	Area (ha)
	Average incremental carbon uptake (000tC/ ha)

	Agriculture in terrestrial and aquatic/regularly flooded land
	23,710,025
	5% irrigated A/R

10% rainfed A/R
	283.6

38.1

	Trees closed-to-sparse in terrestrial and aquatic/ regularly flooded land
	18,733,182
	Irrigated A/R

Rainfed A/R
	283.6

38.1

	Shrubs closed-to-sparse in terrestrial and aquatic/ regularly flooded land
	22,231,327
	Range and forest
	40.77

	Herbaceous closed-to-sparse in terrestrial and aquatic/ regularly flooded land
	25,982,720
	
	


 Source:  FAO2012: Land Cover Atlas of Sudan (Afri -cover update)and Sudan first national communication report

The UN General Assembly defines sustainable forest management as a ‘dynamic and evolving concept that aims to maintain and enhance the economic, social and environmental value of all types of forests, for the benefit of present and future generations.’ The United Nations Forum on Forests proclaimed a reversal of the loss of forest cover worldwide through sustainable forest management (SFM) including protection, restoration, afforestation and reforestation, and increase efforts to prevent forest degradation as one of the Global Objectives on Forests.

The UNFF Global Objectives on forests seek to significantly increase the area of sustainably managed forests, including protected forests, and increase the proportion of forest products derived from sustainably managed forests, The final outcome document, ‘The future we want’, of the United Nations Conference on Sustainable Development in Rio de Janeiro in June 2012 highlights cross-sectoral and cross-institutional policies that promote sustainable forest management enhancing efforts to achieve the SFM, reforestation, restoration and afforestation. 

The recent Sudan forest policy, forest law and strategy identify specific objectives that call for:

· Forest, protection and conservation

· Diversification and increase of national forestry resources 

· Carry out afforestation programmes for all free land susceptible to afforestation

· Develop strategies for the sustainable non-woody forest products

· Involve local peoples and local communities in forest management 

· Save wood by the dissemination of alternative sources of energy and energy saving techniques

· Sustainable management of forest resources 

· Adoption of new farming systems such as agroforestry & agro silvo pastoral systems 

· Saving wood and adding value on wood and non timber forest product

· Integration of the gender dimension within forest management

The experience of the Sudan in forest management has been long and effective in bringing the natural and plantation into a sustainable system. Forest management is founded on management planning and operational programmes since the middle of the 1930s. The first written working plan for the riverine forest made for the period 1948 – 1958 was a conversion plan of Sunt natural forests into plantations. This was followed by the Sawn Timber Working Circle (1958 – 1968) to all forests south of Sennar Dam. The plan concentrated on the silvicultural operations starting from broadcasting or pit sowing, beating up, singling, weeding, and first to fifth thinning. The rotation age was fixed at 30 years; the target number of trees/feddan was the 50 largest and best quality trees. The third working plan (1968 – 1978) was a continuation of the second plan. A ten-year working plan for the Sunt riverine forest reserves (1997 – 2006) is now under revision.

Forest management inside forest reserves has been confined to patrolling and guarding, except for few forest reserves (less than 2 %) that are put under management plans (Elsiddig et al. 2007, Gaafar 2011).  Due to this shortage of management planning and un sustainable utilization in forest reserves, most of the natural forests are degraded and some of them have been converted to blank areas as they were heavily mined for woodfuel and/or subjected to pressure of rain-fed agricultural encroachment (Elsiddig and Abdelgadir 1998). Therefore, improving forest and range management in Sudan is considered an urgent need for conserving remaining forest and range areas.  Serious management steps will need to be undertaken to arrest the unsustainable use of forest resources. Options may include revision and updating of current policies, development of sustainable management plans with adequate considerations for relevant stakeholders.  Regarding the present situation of the resources, management prescription should include rehabilitation (e.g. enrichment planting), protection and conservational measures. Protected areas and all natural forests in Sudan should be brought under a proper management system.  

2.5.2.1. Special emphasis for management of unique forest ecosystem (biodiversity): 

Some forest ecosystems are particularly unique and vulnerable to climate change. These ecosystems, with their unique features and resources, also have essential role for climate change mitigation and adaptation. Appropriate Management should address reduction of their vulnerability and enhancing their contribution to climate change adaptation. These ecosystems includes:

· Mountain forests: These are upland areas often with temperate and tropical species that are only known from similar upland areas in Africa. The montane areas include the Red Sea Hills and Jebel Marra. They occupy an area estimated at 4,000 km², which makes some 0.2% of the total area of the country. Mountains are among the regions most affected by climate change thus proper management, A/R and protection will ensure the sustainability of these ecosystems and their very important provision of environmental services such as biodiversity.

· Watersheds forests (riverine Forests): This includes all forests south of Sennar Dam and the management planning for Sunt in this forest working circle is tailored towards producing railway sleepers with the rotation of 30 years. With initial stoking density per feddan is 1050 trees, five thinning operation are carried between the age of 1 to 20 years leaving a final crop density of 65-70 trees per feddan. In firewood working circle in the same area, the management planning is mainly for the firewood production and round poles for building. The rotation of these Sunt forests is 20 years to fulfill the maximum production of firewood.

· Protective forests in most dry areas: About twenty-four areas are gazetted and declared protected areas and additionally the reservation of equal areas is proposed. Some of the areas were gazetted as far back as 1936, while others were relatively recently established. These areas harboring unique and endemic species that are particularly adapted to extreme ecological conditions in semi desert and low rain savanna

· Marine forests (Mangrove along Red See coast): Mangrove forests are found along the Red Sea coast from Ageig up to Halaeb extend over about 42 km2, in 19 forests (FOSA, 2001). Extensive stands of Suaeda, monaica, A. eluropus lagopoide. Limonium axillare, S. fruticosa, Zygophyllum album. Z. simple x., A. farinosa and S. picatus are the most common halophytic fodder species in the Red Sea region of Sudan. Management protection and restoration of mangrove forests are very important for both climate change mitigation and adaptation.
Carbon stored in mangroves, seagrass and organic soils of tidal wetlands are addressed as “Blue Carbon” in the context of greenhouse gas emissions mitigation policies under the climate change Convention. Stephen et, al (2011), stated that coastal wetlands and marine ecosystems globally hold vast stores of carbon. This carbon can remain stored in buried sediments for millennia. Coastal wetlands and marine ecosystems sequester carbon within standing biomass, but even more within soils. In many cases these peat-like soils have been continuously building for over 5,000 years, or longer. Unlike most terrestrial systems, deposition of carbon dioxide in coastal ecosystem sediment can continue over millennia. Loss of coastal wetlands and marine ecosystems such as peat lands, forested tidal wetlands, tidal freshwater wetlands, salt marshes, mangroves and seagrass beds leads to decreased carbon sequestration and can also lead to emissions of large amounts of CO2 directly to the atmosphere, Stephen et, al (2011). Large scale emissions from ecosystem degradation and habitat conversion of these wetlands are ongoing but currently not accounted for in national greenhouse gas inventories, nor are these being mitigated to any degree.
2.5.3. Rangeland: Rehabilitation and grazing management

Being the main source of livestock feed (80% of the total feed requirements), woodlands and rangelands contribute substantially to income and subsistence of a large sector of the population who are either pastoralists (nomads) or agro-pastoralists. The traditional livestock sector constitutes the main source of meat and dairy products for domestic use and export and hence its role goes beyond its influence on the economy to securing national and strategic food (MoLFR 2012). Management practices can have direct effects on carbon storage and sequestration through altering soil chemical or physical characteristics changes in plant morphology & life history, moisture, or microbial activity (Jones and Donnelly 2004; Steenwerth et al. 2002).   Activities such as adjusting stocking rate, inter seeding, burning, fertilizing, and restoring degraded pastures can improve carbon sequestration on rangelands. There is a clear need for better management practices that both improve the sustainability of rangeland ecosystems and sequester carbon for climate change mitigation. Improvement in management practices that increase soil organic matter content (which is 50% C) is also improving soil fertility, soil characteristics, decrease erosion, increase soil water holding capacity and increase productivity. Rangeland ecosystem conservation, it is difficult to implement under the open grazing systems practiced in Sudan, unless it is coupled with a strong extension program and suitable corrective measures for range protection and management. Such options may include; prescribe burning, application of range management systems in existing grazing perimeters and protection and management of some grazing areas. 

Some primary examples of rangeland management practices that can be utilized and have been defined as leading to developing an increased soil carbon level include: 

· Converting or promoting areas from annual to perennial pasture

· Maximizing species diversity and encouraging all-round seasonal growth to maximize groundcover.

· Matching perennial species to soil types and conditions

· Improving production from existing native pastures by identifying native species and developing appropriate nutrition.

· Using intensive rotational grazing can increase the cover of pastures generating increased carrying capacity potential profitability and increasing soil carbon (Johnstone, 2010).

There is dire need to define practical approaches at the Federal/national, regional and local levels to rectify the situation, resolve conflicts and thereby reduce the vulnerability of pastoral communities to the cumulative impacts of climatic extremes, unfolding geopolitical realities and ultimately conserve resources, biodiversity, enhance historic & traditional livelihoods and modes of life and enhance carbon sink (Sudan R_PP, 2013).

According to Sudan R_PP 2013, forest and range resource management also includes:

· Conduct of national inventories of forest, range, livestock and wildlife resources to re-assess compatibility with national demand & requirements in the face of contemporary population and demographic variables,

· Conduct studies to ascertain interaction/dependency of forest/range dependent communities on specimen neighboring resources such as forests, range, wildlife parks etc,

· Design, formulate, implement, assess & monitor representative specimens of community participatory management of and sharing of benefits from forest reserves, woodland & range resources and wildlife parks

· Design, formulate, implement, assess & monitor representative specimen projects of community-based management of:

· Wildfire in forests, woodlands & range,

· Tracts of invasive plant species such as Misquite (Prosopis spp), 

· Specimen stock routes

· Tracts of wood and rangelands

Fires are among the most important factors that have destructive effects on natural resources. Fire is a serious problem in all forest, range and wildlife areas except the semi-desert area where the grass is sparse. They affect plant species composition and soil characteristics. Control of wild fires is achieved through the construction of firebreaks in collaboration with stakeholders.

Rangeland Rehabilitation can be achieved through using seeding and water harvesting techniques. Two approaches have been tested to re-vegetate degraded rangelands:

· The first approach was complete protection to allow natural plant succession to take place when causes of degradation were excluded by fencing. This method was found to be expensive and the recovery was very slow.

· The second approach was direct reseeding, using adaptable forage plant seeds along with soil treatment and water spreading for soil moisture improvement.

2.5.4. Agriculture: Management of Agriculture Land

Many studies showed that, increasing trend in the sole crops commercialization has questioned the sustainability of the traditional gum Arabic agroforestry (Bush-fallow) system in western Sudan. This shift in the farming system from a traditional sustainable system to more commercialized one has resulted in a drastic decline in soil fertility, decreased crop productivity and low gum Arabic production. Therefore, identification of alternative options and incentives are required to ameliorate the negative environmental effects of increasing commercialization trends in agriculture (Tarig M. G, 2012.) Recommended Management practices in agricultural land include:
· Improving the sustainable use of nitrogenous and phosphorous based fertilisers including more timely application

· Implementation of a zero tillage farming system

· Adoption of good rotation cropping systems including grain legumes in the rotation

· Adoption of tree-based farming systems

Agroforestry systems are distinct from other forms of agriculture in their ability to store higher amounts of carbon (C) in the above- and belowground biomass and soils (Montagnini and Nair 2004; Nair et al. 2010). Agroforestry can raise carbon (C) stocks of agricultural systems, and such increases can potentially be sold as CO2 emission offsets. Most agroforestry systems (AFS) have higher carbon (C) stocks than agricultural monocultures, and expansion of agroforestry practices could raise the C stocks of Africa’s terrestrial systems (Albrecht and Kandji 2003). On a global level, Dixon et al. (1993) estimated a sequestration potential by forestry and agroforestry practices of about 1 Pg of C per year, corresponding to about 3.7 Pg CO2, or roughly one-eighth of annual global emissions. From a biophysical point of view, Africa’s agricultural systems clearly have potential for sequestering additional C. Across different eco-zones, Dixon et al. (1994) estimated a C storage potential of agroforestry and integrated land use approaches of between 12 and 228 Mg C ha−1 over a 50 year rotation, corresponding to 0.2–4.6 Mg C ha−1 year−1. Agroforestry systems (AFS) in which high amounts of organic materials are added to the soil, such as the shaded perennial-crop systems, have special relevance because of their high potential for sequestering carbon (C) in soil (Muñoz and Beer 2001; Montagnini and Nair 2004; Oelbermann and Voroney 2007). The extent to which such organic materials are deposited depends on both species (the crop and the shade tree) and the management systems involved. In the Chilean Patagonia, the adoption of silvopasture system appears to be a sustainable land use management practice that preserves and increases soil C pools, contributes to reduce atmospheric CO2, and permit to offset GHG emissions. It was approved that individual trees in the silvopastoral farming system are using the site resources more efficiently and have sequestered almost 30% more C in total above- and belowground biomass when compared with trees in the plantation. Sustainable increase in tree density could enhance C sequestration and have an added benefit in terms of biomass production for bio energy

Agroforestry is a farming system where crop cultivated spatially, temporally or both with trees. An example is the practice of this system in general assessment of forest linkage and relationship with food security and poverty alleviation in Darfur States. The system is consisting of alternate rotations of agricultural crops and a bush fallow of the gum Arabic production tree Acacia senegal. The system is probably maintaining both an ecological and socio economic balance. Shifting cultivation that has been practiced in such areas can be referred to as the oldest form of relationship between forest linkage with food security and poverty reduction and also the oldest linkage between communities living close to the forests and the forest authority. Agroforestry includes:

· Bush fallow system

· Shelter belts and windbreak a round farms

· Scatter trees on farm

· Taungya

· Haraz Agroforestry system

Elsiddig etal (2006) reported that the Gum-arabic bush – fallow practice is kind of agroforestry production system developed and controlled by farmers. It is based on indigenous knowledge associated with gum production system acquired by farmers in the gum belt communities over long time and continued to be developed and inherited through generations. Acacia senegal is grown in agroforestry systems in the Sudan in "gum gardens' for gum as well as to restore soil fertility. Five-year-old trees are ready for tapping, and production peaks between 7 and 15 years. In Sudan, a traditional bush-fallow system is followed with a 20-year rotation during which time Acacia senegal is grown for 15 years. Agricultural crops are grown for five years (sesame, sorghum, groundnuts), followed by five years with young, unproductive A. senegal trees, which later produce gum during the last 10 years of the rotation. Corresponding to this rotation, 1/4 of the land is kept in agricultural crops, 1/4 in young unproductive trees, and 1/2 in productive trees. Controlled grazing is practiced after the trees have reached age four and under productive trees after the gum has been harvested. Wild trees are harvested during the dry season for gum exuded from cracks in the bark (Abdel Magid and Warrag, 2011).
Many environmental problems in Sudan occur in areas lies within the low and high rainfall savanna, the main source of income in these areas is the traditional rain fed agriculture. The adoption of Agro silvo-pastoral System and water harvesting technique would contribute to mitigating poverty and to enhance food supply. This will consist of growing agricultural crops in the same area with tree species during early years afforestation, and it aim at food production by the use of shade-tolerant food crops that do not endanger the tree species. Introduction of this system could be brought about by organizing communities in different areas and provision of necessary inputs together with technical knowledge. The specific objective of these components is to increase food production on sustainable basis with optimal management of natural resources through participation of local communities thereby meet more of their basic needs. One of the important tasks of Agro – silvo – pastoral System should be to find ways to maintain stability in ecosystems that have not yet been seriously impacted. Agro – silvo – pastoral System program would be directed towards tackling the immensely difficult task of rehabilitating degraded lands and creating considerable land management systems that will fulfill the objectives of the system. A number of environmental friendly activities are envisaged which will provide employment opportunities and contribute effectively in poverty reduction in settlement areas  

The Faidherbia albida agropastoral system in which Faidherbia albida is protected and kept in millet fields in western Sudan. Branches and foliage are lopped on a rotation system about once every 3 to 5 years and fed to livestock, which readily consume them. The total economic output of the system for the farmer is probably about three times greater than in open-land millet cultivation. In addition, soil fertility is maintained and soil erosion is kept at a minimum, unlike in open-field conditions. Millet is cultivated under and between the trees; as light interception by tree canopy during the millet-growing season is negligible, the shade factor has no influence on the crop grown under the trees. The crops and trees also do not compete for sunlight because the trees have shed their leaves, and F. albida trees also provide little competition for water resources, even when planted at 4 by 4 meters away from each other. While most scientists are attracted to F. albida in sub-Saharan Africa, the same idea is applicable in many other areas with other types of acacia.  For example, one study, performed in Blue Nile Sudan, showed that Acacia senegal under different climates perform similarly in terms of nitrogen fixing, and that in turn increases with the age of the tree (Raddad, Salih, Fadl, Kaarakka & Luukkanen, 2005 In: Abdel Magid and Warrag, 2011).
2.5.5. Protected Areas: Rehabilitation, Management and conservation of carbon stocks:

There is lack of proper management and conservation of National Parks. The Rahad Game was affected adversely by mechanized agriculture and human settlement. The Radoum National Park has recently lost many species and Wadi Hawar and Jebel Al Hassania National parks were never established on the ground. Dinder National park became an isolated ‘island’ in serious land use conflict (Sudan R-PP). 

Most of the wildlife resources of the Sudan are found within the high rainfall wood savanna where rehabilitation  (A/R) and restoration can be successfully done. Sustainable and effective management of protected areas is essential to climate adaptation, which include rehabilitation (A/R), restoration, focusing on resilient habitats, managing specifically for anticipated threats such as fire and pests.  Restoration will be important both within protected areas and around them in targeted locations within the wider landscape. (Mansourian, Vallauri and Dudley, 2005). Protected area management strategies should include options for carbon sequestration and conservation of carbon stocks as well as reducing emissions from deforestation and degradation. 

In addition to existing national parks, Wetlands on the Red Sea Coast, desert oases, dams, reservoirs and River Nile are important habitats for resident and migratory birds that to be protected and conserved. Other protected areas are Sanganeb and Dongonab-Mukawar Island representing protected marine ecosystems that need to be well managed, restored and conserved

2.5.6 Blue Carbon in the Red Sea Coast:

The only information on Blue Carbon in Sudan in found in PERSGA (2013) a draft study report on Assessment of Blue Carbon Policies in the Red Sea and Gulf of Aden (yet to be finalized), This report provided that in the Red Sea coastal areas, despite a very arid and hot climate ranging from subtropical to tropical characteristics are distinguished by a remarkable prosperity of coastal and marine ecosystems, including mangroves, seagrass and tidal wetlands which contain and actively sequester carbon. Generally estimates of carbon content and sequestration potential of marine vegetation are still unreliable, and have wide uncertainty ranges. However, Knowledge of carbon stocks and carbon sequestration by mangrove stands is relatively robust due to similarity with terrestrial forests. Table 7 and Table 8 summarize results of the PERSGA study regarding carbon storage and sequestration rates in the Red Sea.

Table 7. Carbon content (t CO2/ha) for mangroves, seagrass meadows and tidal wetlands  

                used in this report

	Type
	Above-ground
	Below-ground
	Soil
	Total

	Mangrove
	125
	125
	1300
	1550

	Seagrass
	15
	15
	1350
	1400

	Tidal wetland
	5
	10
	885
	900


Table 8. Carbon sequestration rates (t CO2/ha/year) for mangroves, seagrass meadows and 
                tidal wetlands used in this report

	Type
	Sequestration per year

	Mangrove
	5

	Seagrass
	4

	Tidal wetland
	0


There are big differences in the estimates of the area of mangrove in Sudan, clearly indicating a need for work to be done in order to arrive at a reliable estimate. PERSGA draft study report (2013) citing Fatoyinbo et al. (2012) who estimate 400 ha, and Wilkie (1995) as well as Wilkie and Fortuna (2003) 500 ha of mangrove in Sudan, all of which are Avicennia Marina. The size of mangroves reported by Wilkie (1995) is small, with trees generally not reaching more than 15cm DBH. Dawelbait et al. (2005) find 5500 ha, but this is considered by this PERSGA report as an outlier, because Khalil’s (2004) and Wilkie’s (1995) assessment of mangrove stands are consistent. Comparing historical records with the situation in the early 1990s, Wilkie (1995) estimates that at least 50% of the original mangrove area has been lost due to camel grazing. Currently, three stands between Port Sudan and Suwakin are under heavy pressure from industrial development, while camel grazing continues to be a threat, especially for stands south of Suwakin. No mangrove protection projects or policies have been reported from Sudan to date.

PERSGA draft study report (2013) also citing Spurgeon (2002), p. 3, Khalil (2010), provided that generally, mangroves in the Red Sea region have suffered intensively from camel grazing and cutting, and are increasingly threatened by development of coastal infrastructure. According to Khalil (2004), prolonged periods of decline in annual rainfall and the effects of the 1997/98 El-Nino might have played a major role in mangrove mass mortality found in southern Sudan (Ashat area) and Yemen (Ghurairah, Bab al-Mandab). More recently, mangroves have however shown a high level of resilience to drought, recovering after good rainy seasons (Khalil 2010). Shrimp farming is seen as a major threat in the future (Khalil 2004). Wilkie (1995) proposes gazetting of mangrove stands as national forest reserve and suggesting an integrated approach for their protection against camel grazing.

Policies, programmes, project, other necessary legislation and measures are needed to be put in place to protect, conserve and expand the blue carbon marine resources for their, mitigation, adaptation and development benefits. International carbon markets can provide an incentive for protection of marine and coastal carbon stocks. However, to date, only afforestation and reforestation of mangroves are covered by the Clean Development Mechanism (CDM). However, because of low prices of carbon credits, the CDM is currently not providing sufficient revenues to cover the costs of mangrove reforestation projects. For small quantities of emission credits, voluntary carbon markets can provider higher revenues but the volatility of credit prices is high.

2.6. Carbon sequestration and biodiversity: 
The land-use sector offers significant opportunities for climate mitigation through protection and sustainable management of standing forests and increasing forest cover. land-use sector is now a net emitter of greenhouse gases, with deforestation in developing countries contributing to the release of 12–17 percent of global anthropogenic greenhouse gas emissions (van der Werf et al., 2009) The relationships between biodiversity, carbon, forests and people are interdependent. Reducing the rates of deforestation and forest degradation contribute to both climate change mitigation and biodiversity conservation. Afforestation, and the restoration of degraded forestlands, can benefit biodiversity substantially; they can also, however, impact biodiversity negatively if not carried out properly. The convention on Biological Diversity recommends that afforestation and reforestation activities include native tree species; aim for diverse, multi-strata canopies; result in minimal disturbance; consider the invasiveness of non-native species; and be strategically located within landscapes to enhance connectivity (SCBD, 2003).

Land-use, land-use change, and forestry (LULUCF) activities can play an important role in reducing net greenhouse gas emissions to the atmosphere and increase carbon sequestration. Biological mitigation of greenhouse gases through land use, land-use change and forestry (LULUCF) activities can occur by three strategies: (a) conservation of existing carbon pools, i.e., avoiding deforestation (b) sequestration by increasing the size of carbon pools, e.g., through afforestation and reforestation, and (c) substitution of fossil fuel energy by use of modern biomass. The estimated upper limit of the global potential of biological mitigation options (a and b) through afforestation, reforestation, avoided deforestation, and agriculture, grazing land, and forest management is on the order of 100 Gt C (cumulative) by the year 2050, equivalent to about 10–20% of projected fossil-fuel emissions during that period, although there are substantial uncertainties associated with this estimate. The largest biological potential is projected to be in subtropical and tropical regions.

2.6.1. Opportunities for afforestation, reforestation (A/R) in Sudan: The Forest Policy 

Statement responded to the new concepts, perceived since the seventies based on the emphasis on environmental protection, popular participation and the multiple uses of forests. The Statement: 

· Recognized new forms of forest tenure including private, community, and institutional forests, targeted 20% of the area of the country as forest reserves; 

· Stressed the role of forests in environmental protection by creating new obligations on a lessee in mechanized farming or irrigated area to maintain or establish green belts; 

The Forests and Renewable Natural Resources Act, 2002, provides the framework for the management and protection of forests and renewable natural resources encompassing pasture and range as well as the framework governing the managerial system of the forestry sector. Sudan National Forestry Policy Statement 2006 stated that Sudanese government sought to actualize the forest policy framework and prepare the forestry sector to the challenges ahead; namely reduction of poverty, improvement of people’s wellbeing, amelioration of the physical environment and combating desertification.  

The Environment Protection Act, 2000 harmonizes the different sectoral environmental laws, sets environmental standards, calls for the protection of biodiversity and combating pollution, requires environmental impact assessment to be carried prior to implementing any development project (Hamad and Abdel Magid, 2009). 

Governments should establish incentive schemes to encourage private and community to implement sustainable land management practices and conserve biodiversity through extension and capacity building, partnerships, and financial assistance (Bateson 2000 & 2001). The crucial actions to keep private-sector & communities interest in A/R development are related to the reduction of obstacles and the removal of structural impediments and operational constraints. Generally, investments in strategic and non strategic projects in Sudan are exempted from tax on profits for a period of ten years. Benefits also include free land and exemptions from other taxes and fees. Recently, a series of preferential tax policy and decisions for non wood forest products particularly gum Arabic were issued to attract private sector and individuals investment into forestry and encourage the public private partnerships (Mohamed, 2011). The reform package includes 

· Liberalizing of gum trade

· Removal of floor price

· Formation of gum arabic and other non woody products boards to support the new issued policies to improve the forest products sector. 

· Reform of taxes and charges imposed on gum arabic 

· New financial policies were issued, to facilitate access to credit by small Gum producers through the Microfinance Mechanism. 

More incentives to promote and enhance A/R and sustainable management of Forest Resources are recommended:

· A new tax incentive regime to promote the development of large-scale forest plantations 

· New financial mechanism to ensure the cash-flow requirement of investments in forestry with long gestation periods.

· New land tenure non-tax incentives system for forest plantation

· Provision of economic incentives for communities to ensure their involvement in plantation establishment and sustainable forest management

2.6.2. REDD+

Recently an international agreement to formalize an incentive mechanism for combating deforestation and enhancing forest carbon stocks in developing countries (REDD+) was reached. REDD+ become one of the major processes of the United Nations Framework Convention on Climate Change (UNFCCC) to realize multiple benefits related to climate, poverty alleviation, biodiversity and the provision of ecosystem services. One of the key supporting services provided by forests is carbon removal through sequestration and the long-term storage of this carbon in biomass, dead organic matter and soil carbon pools. The Intergovernmental Panel on Climate Change (IPCC) has stated that forest-related mitigation activities can considerably reduce emissions from sources and increase CO2 removals by sinks at low costs, and can be designed to create synergies with adaptation and sustainable development (IPCC, 2007).
Reducing emissions from deforestation and forest degradation, and enhancing forest carbon stocks in developing countries (REDD+) is an agreed mechanism for climate change mitigation through reduction of emissions from deforestation and forest degradation; conservation of forest carbon stocks; sustainable management of forests; and enhancement of forest carbon stocks. Reducing emission from deforestation and forest degradation (REDD and latter REDD+) was launched in 2005, after the entry into force of the Kyoto protocol, at the eleventh session of the Conference of the Parties (COP) to the UNFCCC in Montreal in  2005. The ‘Bali Action Plan’, which emerged from the 13th session of the Conference of the Parties to the UNFCCC in 2007, acknowledged that reducing greenhouse gas emissions from deforestation and forest degradation could potentially yield a range of environmental and social ‘co-benefits’. In  2010, at the 16th session of the UNFCCC Conference of the Parties in Cancún, Mexico, an agreement was reached on policy approaches and positive incentives on issues relating to reducing greenhouse gas emissions from forests. The Cancún decision on REDD+ (Decision 1/CP.16 paragraph 70) specifically encourages developing country Parties to contribute to mitigation actions in the forest sector by undertaking the following activities, as deemed appropriate by each Party and in accordance with their respective capabilities and national circumstances: 

a) Reducing emissions from deforestation;

b) Reducing emissions from forest degradation;

c) Conservation of forest carbon stocks;

d) Sustainable management of forests;

e) Enhancement of forest carbon stocks.

Forest restoration (enhancement of forest carbon stocks) can provide biodiversity benefits 
Environmentally sensitive restoration of degraded forest and agricultural lands can provide biodiversity and climate benefits (SCBD, 2009). Afforestation and reforestation activities in the context of REDD-plus could enhance ecological connectivity, which is essential to the adaptation of ecosystems and species to climate change. The evolution of the international REDD+ regime, and development of REDD+ ‘safeguards’, is of considerable interest to the Convention on Biological Diversity (CBD). The international REDD+ regime is composed of a range of intergovernmental bodies, bilateral and multilateral donors, and coordination bodies, as well as non-governmental organizations and private business

2.6.3. The Clean Development Mechanism (A/R CDM):

Under the agreement reached at the Seventh Session of the Conference of Parties to the UNFCCC in Marrakesh (COP7) industrialized countries will be able to meet a part of their emission reduction commitments under the Kyoto Protocol by financing Afforestation and Reforestation activities (A/R) in developing countries through the clean development mechanism. A/R project activities are permitted under the CDM. Though A/R methodologies were initially anticipated to play a substantial role in the CDM. At COP7, Subsidiary Body for Scientific and Technological Advice (SBSTA) of the climate change Convention was given the responsibility of developing modalities for addressing socioeconomic and environmental concerns about A/R. A/R comprises human induced conversion of non-forest land to forestlands through planting, seeding and/or human induced promotion of natural seed sources. Under CDM, Afforestation will be considered if the land on which it takes place had not been forested for at least 50 years, whereas reforestation refers to land that did not contain forest before 1990. A/R to establish of mono or multi-species plantations for wood and non-wood products appear to be compatible with CDM. The Kyoto Protocol states that CDM projects should assist developing countries in achieving sustainable Development. According to the Kyoto Protocol, the CDM has a dual-purpose mechanism intended to both enable industrialized countries to reduce emissions and also to contribute to sustainable development in developing countries.
2.7. Threats to area important for carbon sequestration:

Ecosystems throughout the Sudan have been significantly affected adversely mainly due to historical expansion of for agriculture, energy consumption, overgrazing, fire, diseases, natural disturbance pressures from urban residential and industrial development such as mining and infrastructure construction. The degree of threat imposed upon the forest’s ecosystems is significantly greatest in the most densely populated areas. Table (9) provide detailed assessment of these threats.

Table 9. Threat to areas important for carbon sequestration

	Threat


	Explications

	Excessive felling for energy (firewood and charcoal)
	Increasing demand for firewood and charcoal with increase in population leading to more deforestation and degradation.

	Requirements of wood, wood products & NWFPs, browse & range material and habitat for wildlife
	Rising demand of such products lead to overuse and destruction of tree cover and overuse of natural resources.

	Demand for food and food security due to populations growth
	Horizontal expansion of agriculture at the expense of forest and rangelands accelerating the deforestation rate

	Climatic & Environmental Variables
	Intrinsic aridity and erratic rainfall coupled with recently setting in vagaries of CC  and the attendant extremes of climatic phenomena such as drought and floods

	Tribal conflicts and Influx of political and environmental refugees and IDPs due to wars and civil strife
	Concentration of  affected  groups in limited areas (Camps) leads to over exploitation and destruction of natural resources 

	Urbanization
	Demand for of building timber and fuel wood for brick and lime-making and bakeries, charcoal for domestic & service sectors, for leisure and the consequent demand for parks and greeneries

	Destruction by seasonal wild land fires
	Fire is a Serious problem in nearly all forest areas in the Sudan caused by Honey collection, nomads, Live stock holders, smokers,  farmers and Poachers. Expected to be more destructive as a results of climate change in dry areas

	Insect, Pest and diseases
	Anacridum melanorhodon hosted by  Acacia senegal; Balantines aegyptica., Sphenoptera chalcichroa arenosa Obenberger, hosted by  Acacia nilotica. Dieback of Acacia nilotica attributed to infestation by Sphenoptera chalcichroa arenosa. Xanthomonas axonopodis Causes damage to the leaves of Khaya senegalensis. Caryedon serratus attacks the seeds of a wide range of plants including Acacia spp., Cassia spp., Tamarindus spp., Bauhinia spp. buffalo treehopper (Stictocephala bubalus) on acacia Senegal

	Genetic pollution
	 Recent survey shows that Ipomoea fistulosa and Xanthium brasilicum are the major invasive alien species in the riverine forests. Prosopis chilensis considered as one of the major invasive species particularly in irrigated area (more than 1 million feddans invaded). Expected to invade more areas as a result of climate change



	Economic, industrial, physical & infrastructure development
	 Deforestation and forest degradation by petroleum extraction, mining activities and power transmission lines, or Pollution and gas emissions by petroleum extraction and associated activities of transport, refining, petrochemical products

	 Lack of appreciation of forest & woodland values
	Under estimation of  forestry sector contribution to national economy keeping forestry at low place in national agenda

	 Inadequate research
	Revision of and support to research programmes to accommodate variables.

	 Institutional capacity of stakeholders
	Sudan needs capacity development (CD) in most areas of the biodiversity programmes. 


Adopted from Sudan R-PP, 2013

2.8. Recommendations:

Development of National Strategic Framework for Climate Change and biodiversity conservation (Protection, conservation and sustainable management of natural & man made habitats (forests) and biological resources) contribute effectively to climate change mitigation through carbon sequestration, carbon stock conservation and carbon stock enhancement. It also contributes to climate change adaptation through enhancing the biodiversity service and benefits to the livelihoods of dependent communities.
Such framework could have the following objectives:

· Protection, conservation and sustainable management of natural and unique ecosystems such as riverine forests, mountains and marine ecosystems

· Ecological corridors to conserve terrestrial biodiversity

· Valuation of ecosystem services and their contribution in the local and national economy

· Cleaner and renewable energy

· Address Driver of Deforestation 

· Enhancement of Investments in A/R and protected areas and ecosystem services 

· Control of invasive alien species spreading resulted from land degradation

3. Predicted future distribution of biodiversity under climate change 
    scenarios:

3.1. Climate Change Scenarios and Biodiversity:

Changes in climate over the last few decades of the 20th century have already affected biodiversity. The observed changes in the climate system (e.g., increased atmospheric concentrations of carbon dioxide, increased land and ocean temperatures, changes in precipitation and sea level rise), particularly the warmer regional temperatures, have affected the timing of reproduction of animals and plants and/or migration of animals, the length of the growing season, species distributions and population sizes, and the frequency of pest and disease outbreaks. Projected changes in climate during the 21st century will occur faster than in at least the past 10,000 years and combined with land use change and exotic/alien species spread, are likely to limit both the capability of species to migrate and the ability of species to persist in fragmented habitats. (1)

There is ample evidence that climate change affects biodiversity. According to the Millennium Ecosystem Assessment, climate change is likely to become one of the most significant drivers of biodiversity loss by the end of the century. Climate change is already forcing biodiversity to adapt either through shifting habitat, changing life cycles, or the development of new physical traits.
Conserving natural terrestrial, freshwater and marine ecosystems and restoring degraded ecosystems (including their genetic and species diversity) is essential for the overall goals of both the Convention on Biological Diversity and the United Nations Framework Convention on Climate Change because ecosystems play a key role in the global carbon cycle and in adapting to climate change, while also providing a wide range of ecosystem services that are essential for human well-being and the achievement of the Millennium Development Goals. (2).

Detailed case study project on climate change vulnerability assessment in Sudan was completed in 2003. The findings of this study showed that climate change and desertification threaten the livelihood of millions of the Sudanese living in the edge of dry Sahel belt. The climate models results indicated an increase of 0.5 to 1.5°Celsius in the average annual temperature and an approximate 5% drop in rainfall, though results varied across the study area. These findings were then used for projecting the scale of potential changes in crop yields for sorghum, millet and gum Arabic. The findings are alarming: the three crops models showed a major decline in the production. These findings are due principally to the fact that the region is situated on the fringes of the Sahara desert and on the northern limit of viability for rain-fed crop production, where even small increases in temperature and minor reductions in precipitation could tip the balance towards desert-like conditions. Other climate models covering similar zones in Africa generally predict similar problems.
3.2. Sudan Climate Change Indicators:

· Coefficient of variability as an indicator of high spatial and temporal variability in rainfall.

· Steady decrease of rainfall amounts.

· Steady increase of temperature amounts.

· Decrease of rainy days.

· Shift of the onset and offset of the rainy season.

· Frequent floods/droughts episodes and other climatic extreme events intensity and duration. 

Coefficient of variability of the rainfall in Sudan indicated that rainfall is highly variable in time and space (temporal and spatial variability). During the period (1981-2012) the rainfall in the whole country was significantly decreased compared to (1971-2000). This was very clear in central and northern parts of the country, while the southern parts experienced less decrease. There was an area in the southern parts of central Sudan in which the rainfall increases during the last ten years. The 100 mm isotach in the two recent climatic means (1971-2000) and (1981-2012)  was shifted to the south by 100 to 150 km while the 700 mm isotach retreated about 150 to 250 km to the south. From the analysis of spatial rainfall distribution, it is approximately followed the track of the Inter Tropical Convergence Zone (ITCZ). The comparison between annual mean rainfall of (1984) the most extreme dry year throughout the historical data and the annual mean rainfall of (1988) the wettest year, indicate highly interannual differences in the rainfall throughout the historical data. This high variation in the amount and distribution of Sudan rainfall come as a result of different types of climate. Four climatic zones of Sudan mainly attributed to the location of the four Subtropical High-Pressure (STHP) systems, the movement of the two northern hemisphere systems (Azores and Arabian anticyclones) to the north leads to the movement of the other two systems in the southern hemisphere (St. Helena and Mascarene) to the north. The four major Subtropical High-Pressure (STHP) systems affecting Sudan rainfall are Mascarene Anticyclone, ST.Helena Anticyclone, Arabian ridge, Azores and northwest African Anticyclone.
As a conclusion the main factors that influence the rainfall in the Sudan are: 

· The position and intensity of the Inter-Tropical Convergence Zone (ITCZ).

· Sub-tropical high pressure systems in the southwest Indian Ocean (Mascarene High), the St. Helena High in the southeast Atlantic Ocean, Azores/Sahara High in the North Atlantic Ocean and Arabian High to the northeast.

· Inter hemispherical monsoonal wind systems.

· The Mediterranean Depressions associated with cold fronts that move eastward.

· Easterly and Westerly waves and associated jet streams.

· meso-scale systems (thermal differences)

· Teleconnections with El Nino-Southern Oscillation (ENSO).

Steady decrease of precipitation amounts;
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Fig (1) time series analysis of Kassala rainfall during the period 1961 to 2012.
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Fig (2) Kassala rainfall difference from the normal during the period 1961 to 2012.

Fig (1) and Fig (2) illustrated time series analysis of Kassala rainfall during the period 1961 to 2012, Kassala experienced a sharp below normal trend of rainfall during the last five years with tendency for unreality rainfall during the two coming years.

Steady increase of temperature amounts.
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Fig (3) time series analysis of Kassala maximum temperature during the period 1961 to 2012.
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Fig (4) time series analysis of Kassala minimum temperature during the period 1961 to 2012.

Fig (3)illustrated time series analysis of Kassala maximum temperature during the period 1961 to 2012.Kassal showed above normal maximum temperature during last 10 years out of the last 15 years.

Fig (4) showed  time series analysis of Kassala minimum temperature during the period 1961 to 2012,Kassala minimum temperature showed a steady increased values of minimum temperature during the last 15 years.

Decrease of rainy days.
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Fig. (5) Annual number of rainy days during the period 1940 to 2010 (Rain = ≥ 0.85 mm).

Fig. (5) illustrated decrease of the number of rainy days from 45 days during 1940 to 1960 to less than 20 days during 1970 to 1990 and to about 30 days and less during 2000 to 2010.

Shift of the onset and offset of the rainy season.
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Fig. (6) Onset of rainfall in El Obied during 2008 and 2009.

Fig. (6) Showed a shift of three months between the onset date of the rainy season in 2008 and 2009 years.

Dongola was selected to represent the desert ecological zone;
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Fig (7): Time series analysis for Dongola annual rainfall during the period 1961 to 2010
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Fig (8) Comparison between total amount of rainfall during three climatic normal’s for Dongola during the periods (1961 to 1990), (1971 to 2000) and (1981 to
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Port Sudan to represent the Red Sea ecological zone;

Fig (9) Time series analysis for Port Sudan annual rainfall during the period 1961 to 2010
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Fig (10) Comparison between  total amount of rainfall during three climatic normal’s for Port Sudan during the periods (1961 to 1990), (1971 to 2000) and (1981 to 2010)
El Obied to represent the dry ecological zone;
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Fig (11): Time series analysis for El Obied annual rainfall during the period 1961 to 2010.
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Fig (12) Comparison between  total amount of rainfall during three ecological normal’s for El Obied during the periods (1961 to 1990), (1971 to 2000) and (1981 to 2010)
Gadarif to represent sub humid ecological zone; 

[image: image30.jpg]695.0

690.0

685.0

680.0

675.0

670.0

665.0

Annual for Kadugli

= Annual for Kadugli

Normal 1961-
1990

Normal 1971-  Normal 1981-
2000 2010





[image: image31.png]Sudan Normal Rainfall in mm (1961-1990)

Source: Sudan Meteoroiogical Authority - Agromet Division 2013
T T T

T T
22 24 26 28 30 32 34 36 38




Fig (13): Time series analysis for El Gadarif annual rainfall during the period 1961 to 2010
Fig (14): Comparison between total amount of rainfall during three climatic normal’s for Gadarif during the periods (1961 to 1990), (1971 to 2000) and (1981 to 2010)
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Kadogli to represent Humid ecological zone;
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Fig (15): Comparison between total amount of rainfall during three climatic normal’s for Gadarif during the periods (1961 to 1990), (1971 to 2000) and (1981 to 2010)
Fig. (16) Illustrate the global surface temperature anomaly simulations using multi-modil mean at different scenarions.
3.3. Climate change scenarios:-

In preparation of Sudan’ National Climate Action Plan (NCAP), climate change adaptation and vulnerability assessment (AVA) should include comprehensive, up-to-date evaluation of the potential effects of climate change on many sectors of Sudan’s economic and ecological systems.  Assessments should explore how to best utilize the latest climate science to select from available climate projections; introduce the selected climate projections into models (water, agriculture, hot-spot, economic, etc.); and provide guidance on how to incorporate assessment results into long-range planning.
This project is exploring, developing and making accessible, data and methods that can be used to develop credible, defensible, and practical climate change scenarios for use in their impact and adaptation analysis. The AVA needs to 1) acquire existing climate change projections at scales commensurate with evaluation of potential watershed effects, and subsequently evaluate and select those projections most appropriate for regions throughout different ecological zones and beyond Sudan based on records of observed and reconstructed climate variability; 2) place future climate in the context of historical climate, where instrumental data is augmented; if available, use paleo climate data to develop a more comprehensive representation of the full range of natural variability; and 3) emphasize the multiple contributors to uncertainty, including future climate drivers such as greenhouse gas emissions, choice of climate models, choice of downscaling methods including dynamical models as well as statistical downscaling approaches, and choice of hydrologic, agricultural and economic modelling methods and approaches. 

3.4. Comparison of Historic vs. GCM Station Climatology:

Climate change scenarios were developed to fulfill the National Program Plan Project  

Figure (18)compares the multi-model mean of the global surface temperature anomaly for both the contemporary period, dating back to 1861, and the future projected period, out to 2100 for the 4 Representative Concentration Pathways or RCPs (Rogeli et al 2012). The RCP’s represent different levels of greenhouse gas emissions that corresponding to equivalent levels of theorized increases in the net radiative forcing by the year 2100, corresponding to estimates of 2.6, 4.5, 6.0, and 8.5 W/m2. The base years used to compute the anomalies are 1980 to 1999.  In the title block for each of the RCP are the numbers of models and ensemble members that make up the model mean. Based on the models that presently exist in the CMIP5 archive, the IPCCs projected rises in global surface temperature by the year 2100 in AR5 should range from about 1.3oC for RCP 2.6 to a 4.4oC for RCP 8.5. At 2.7oC in 2100, RCP 6.0 projects about the same warming of surface temperature as the SRES A1B scenario from the AR4 experiments, with the SRES A1B forcing in 2100 equivalent to about 6.05 watts/m^2, comparable to RCP 6.0. We show the global mean temperature anomaly in order to compare it to the future projected temperature changes over Sudan.

[image: image34.bmp]
Fig. (17) Illustrate the global surface temperature anomaly simulations using multi-modil mean at different scenarions.

Figure (17). The gray lines are the observed total annual precipitation for the period 1961 to 2010 for the six stations throughout Sudan given in Figure 17 (source: Sudan Metrological Authorities); The blue and red lines are the results from the NCAR Communality Climate Model 4 (CCSM4), Ensemble Member 1, and the RC6.0 pathway, for the contemporary period and the future period.
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Figure(18).  Same as Figure 6, but for annual average temperature.
	Annual Average Temperature- CCSM4- Ensemble Member 1 of 5
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The results in Figure 9 for future projected temperatures show similarity to the global average projected temperature (see Figure 6). The RCP2.6 pathway is warmer, but stabilizes to about 1oC warming for all stations.  In fact, the projected changes in temperature for all stations are quite similar for all RCP’s, Under the higher emission scenarios, some of the stations show greater amounts of warming, with the ensemble mean suggesting warming for the RCP8.0 scenarios of between 4 oC and 5oC. Projected changes in precipitation are more uncertain. A closer examination of the higher emission scenarios suggests wetter conditions at several stations for some of the GCM models (Port Sudan and Donogola). For other stations, the range of projected changes in future precipitation quite wide, with the collection of GCM results showing both wetter and drier conditions depending upon the emission path and the GCM.

The bias correction, spatial disaggregation (BCSD) method of Maurer et al. 2007 was used to take the coarse resolution climate data from GCMs and downscale it to the finer 0.5o resolution for several GCMs, and for many of these GCMs, multiple ensemble members. In addition, GCM output was acquired and processed using the BCSD method for four future emission or representative concentration pathways (RCPs). This resulted in a large dataset of future projections for researchers and practitioners in Sudan to use for vulnerability and adaptation analysis.  For the higher emission or representative concentration path (RCP8.5), end-of-century temperatures are projected to increase from 4oC to 5oC, while change in precipitation are more uncertain, with the collection of climate models showing both decreases and increases. 
4. Climate Change Impacts on Biodiversity and Ecosystems:
4.1. Climatic factors that affect biodiversity
Rainfall: Sudan is particularly concerned with impacts of climate change because the majority of its land is quite sensitive to changes in temperature and precipitation.  The country is one of the driest but also the most variable countries in Africa in terms of rainfall.  Extreme years (either good or bad) are more common than average years.  The unreliable nature of the rainfall, together with its concentration into short growing seasons, increase the vulnerability of Sudan’s rainfed agricultural systems for both crop and animal production.  Recent studies showed that for the period 1971-2000, the rainfall amount was found to decrease and rainfall isohyets (200 and 500 mm) were found to shift southward (Figure 1).  Over the same period of time the coefficient of rainfall variability (CV, or the percentage deviation from the norm) was found to increase (Figure 2).  Declining and uncertain rainfall makes life very difficult for traditional farmers and herders and severely affects their livelihoods.  
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figure: (19): Sudan normal rainfall in mm for the period 1941-1970 compared to 1971-2
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figure (20): Sudan rainfall Coefficient of variability (%), 1941-2000
Source: Meteorological Authority, 2008

The National Adaptation plan (NAP) is one of the UNFCCC programmes which was approved by the conference of the parties (COP 17) to assist the least developed countries to assess their vulnerabilities to adverse impacts of climate change, to address adaptation and to mainstream climate change into development planning processes and strategies. Sudan is currently conducting its NAP in all its stateS (comprehensive assessment).  The focus of the NAP is agriculture, water and health sectors, beside the short-term assessment the NAP also gave emphasis to medium and long-term climate change impacts.

The NAP showed that rainfall is the most important climatic factor that affects life and livelihoods all around the country. It has been shown that beside change and variability in amount, distribution of rainfall the following elements are also important:

· Length of the rainy season (unpredictable generally shorter)

· Decrease in annual averages of rainfall

· Change in number of rainy days

· Delay in start of rainy season 

· Increase in dry spells during the rainy season (sabnat)

Some states illustrated southwards movement of rainfall isohyets similar to the trend shown in Figure (1).  For example west Darfur state demonstrated that by comparing isohyets maps in the periods between 1946-1955 and 1976-1985 the following was summarised:

· Shift of 400 mm isohyet southward of Nyala

· Isohyet 600 mm became the highest amount of rainfall instead of 900 mm and the latter become restricted to the small area of Jebel Mara 

Climate scenario analyses conducted as part of the preparation of Sudan's First National Communications indicate that projections of rainfall (2030-2060) under climate change conditions shows sharp deviations from baseline expectations in Kordofan state. 

Temperature: Climate scenario analyses conducted as part of the preparation of Sudan's First National Communications indicate that average temperatures are expected to rise significantly relative to baseline expectations. By 2060, projected warming ranges from 1.5 o C to 3.1oC during August to between 1.1o C to 2.1 o C during the month of January.

Both the National Adaptation Programme of Action (NAPA, 2007) and the NAP provided evidences of increase of minimum and maximum temperatures.  That was found to have significant impacts particularly for production of horticultural and winter crops as well as for water resources (increase of evapotranspiration) and for spread for diseases.  In many parts of Sudan significant increase in maximum temperature has been reported for example in Gedarif between 1995 to 2011 (17 years) the temperature was above average in 16 years out of 17 years.  The consequence of that was found to increase evapotranspiration.  On the other hand the increase of minimum temperature was also found to prolong the stay of agricultural pests in plants and trees causing damages (NAP 2013-).  Results of other studies also found that the increase in temperature (in River Nile state) during both winter and summer seasons adversely affect animal and crop production

Drought: Sudan is part of the Sudano-Sahel Region, which has been exposed to a series of recurring dry years and droughts.  However, in recent times the frequency of drought spell was found to increase almost everywhere in the country (NAPA, 2007; NAP, 2013-).  Beside the increase of frequency of drought spells, severity and longer drought duration were also reported.  For many parts of the country it was clearly stated that since the drought of the 80s many ecosystems did not yet recover and since then many states were found to continuously suffer from food insecurity conditions

Wind speed: Increase of wind speed was found to have significant negative impacts in different parts of the country particularly in central and north central Sudan.  Beside the direct negative impacts of wind speed it was found to have combine impacts with both climatic (shortage of rainfall, increase of evapotranspiration, increase of temperature) and non-climatic factors (desertification and sand dunes movement).

4.2. Non-climatic Factors:

Beside the mentioned climatic factors many non-climatic factors could also represent potential threats to species diversity in Sudan.  Mismanagement of natural resources was identified as the most important element that aggravates degradation of land, natural resources and the environment.  All the Sudanese states expressed concerns and problems of overgrazing, over-cultivation, deforestation, soil deterioration, desertification etc.  Expansion of agriculture in general and the mechanized one in particular stand as one of the major contributors to environmental deterioration.  Drastic transformation of natural conditions contributed significantly to removal of native plants and animals from its natural habitats and limited its existence to remote refuges. 

Most of the findings indicated that vegetation cover in the different ecological zones (arid, semi-arid, low rainfall savannah, high rainfall savannah and costal zone) has been degraded and deteriorated very much.  That was related to numerous factors such as:

· Overuse of trees as animal’s fodder

· Use of wooden material for building houses

· Expansion of agriculture at the expense of rangelands and forests

· Pre mature grazing of rangelands

· Concentration of animals in certain areas, mainly around water sources and summer’s routes that are utilized by herders during their movements

· Absence of rotational grazing 

· Utilization of firewood as energy source

· Lack of trees replanting

· Increase of animals population (exceeding carrying capacity of rangelands)

Presumably natural resources stand as the natural victim of every kind of extreme events and man-made (conflicts/wars) pressure particularly when these factors are accompanied with poverty, illiteracy, lack of awareness, lack of capacities and lack of services.  In spite of dependency on natural resources for support of livelihoods and for provision of food, feed, shelter and energy, it has been stated that little effort, if any, has been exerted for their sustainably management.  Almost all the states expressed dissatisfaction regarding weaknesses and gapes in policies and legislations.  

The states that border the southern of Sudan (Darfur, Kordofan, white and Blue Nile) expressed serious emerging concerns regarding the potential negative impacts of the separation of the country.  Signs of degradation of natural resources particularly rangelands, forests and water have already been reported across the different states.  Returnees from southern Sudan to the bordering northern states already exhausted natural ecosystems and added to the existing burdens of refugees and IDPs.

 The Sudan’s First National Communication (SFNC) predicted that there will be a significant decrease in agricultural productivity and a reduction in gum Arabic belt in Kordofan in the future (2030-2060, medium and long –term). It also anticipated that the agriculture and forestry sectors, and the nation as a whole, may be hard hit by even modest changes in temperature and precipitation (SFNC, 2002).  Even the short term assessment of climate change impacts on agriculture showed its current vulnerability to diverse negative impacts.  

The vulnerability assessment conducted by both the NAPA and the NAP gave a lot of emphasis to climate change impacts on agriculture and forestry sector.  The analysis addressed the vulnerability of different agriculture components (crops, animal resources, rangelands, forests).  There was high agreement among the different states that climate change caused a lot of changes in agro-biodiversity.  The type of crops varieties, which were cultivated in many parts of the country during the last century (60s and 70s), has been changed because of the change in climatic factors particularly rainfall (decrease of amount as well as variability) and drought.  For example in Gedarif state (Butan area), the traditional farmers used to cultivate a native sorghum species (Mugut), currently it has been stated that the old variety has been replaced with another local variety (Geshaish).  The farmers explained that as the amount of rainfall decrease significantly it could no longer support the successful production of the varieties that require high amount of rainfall.  Accordingly they have no choice other than selection of species that require less amount of rainfall and struggle to acquire early maturing varieties.  Many states showed that as climate changes that induces spread of plants’ new pests and diseases that were not known before (e.g. weeds infestation in Gezira and date palm diseases in Northern state)

The vulnerability assessment of NAPA showed some indicators of climate change impacts on biodiversity of different plant species.  Some of the targeted states even came with adaptation options to address the negative impacts of climate change on biodiversity.  For example the highly prioritized adaptation project of North Kordofan state was about: Environmental conservation and biodiversity restoration in northern Kordofan State as a coping mechanism for rangeland protection under conditions of increasing climate variability.  It was stated that because of the frequent drought episodes and also because of the extreme fluctuations in rainfall. Severe climatic conditions and land mismanagement (overgrazing, over cropping, deforestation) have caused vegetation cover in the region to become very poor and the loss of many endemic species (woody, rangeland species) that were once dominant (NAPA, 2007)

On the other hand the findings of the NAP (e.g. Kordofan, Darfur and Gedarif) indicated that there has been degradation of rangelands because of Sahel’s drought and there have been permanent losses of pasture species.  The disappearance of palatable species and appearance of unpalatable ones because of climate change was raised by almost all the states.  In Table (10) Kassala state made a comparison between the palatable range species that disappear and replaced by unpalatable species.
Table (10): Palatable rangelands species that disappeared and replaced by and unpalatable 
                    ones in Kassala state:

	Palatable plants
	Unpalatable plants

	Blepharis persica
	sympopogon spp

	Cinchrus ciliaris
	Osimum basilicum

	Brachiaria spp
	Acacia senna

	crotalana spp
	Justica flava


Similar findings were also shown by Gedarief state as an assessment was made for both woody and herbaceous rangelands’ species.  The findings (Table (11)) showed different trends of palatable and unpalatable species.  While the former were found to decrease and disappear the latter increased and become more dominate

Table (11):  Illustrate woody and herbaceous rangelands species and indicate the trend of 

                  presence of each type (increasing, decreasing, disappeared) in (Butana Locality)

	Type of plants
	Increasing
	Decreasing
	Disappeared 

	Annuals (grasses and dicots)
	Ocimum basilicum, Urocboa trichopus, Sorghum sudanense, Cassia senna
	Ipomoea cordofana, Ipomoea sinensis, Schoenefeldia gracilis, Solanum dubium, Gueria sengalensis
	Blepharis edulis, Tephrosia spp, Cucumis melo, Cymbopogon nervatus, Dipterygium glaucum

	Trees 
	Acacia nubica, A. mellifera, Prosopis chilensis, Calotropis procera
	Combretum hartmannianum, Acacia ehrenbergiana, Balanites aegyptiaca, Capparis deciduas
	A. seyal, A. Senegal, Ziziphus spinachristi, Terminalia brownii, A. tortillis


A comparative (1980 vs 2006) study of rangelands of Subag area in Butan of Gedarif state showed that the species composition of the natural vegetation has also changed.  According to the findings (Alhadary, 2007) the major changes in the natural vegetation cover can be seen in (Table 12).  The table shows a reduction in the main tree and grass species because many of them have been either extinct to seriously endangered. Thus, biodiversity has been greatly reduced.
Table (12) Vegetation cover changes in the Butan area, Gedarif state (1980s-2006)

	Trees in the 1980s 
	Trees in 2006 

	Acacia melifera 
Acacia seyal 
Acacia Senegal 
Capparis deciduas 
Balanites aegyptiaca 
	Acacia nubica 
Acacia melifera 
Calotropis procera 
Acacia nilotica 
Prosopis glandulosa 

	Crasses in the 1980s 
	Grasses in 2006 

	Blepharis edulis 
Ipomea cordofana 
Acalypha indica 
Sehima ischaemoides 
Aristida pallida 
Rottboellia exaltats 
Indigofera hochstetteri 
Echinochola nervatus 
Tribulus terrestris 
Qeimum sp. 
Cassia tora 
Sporobolus helvolus 
	Cymbopogon nervatus 
Schoenefeidia gracilis 
Aristida pallida 
Sehima ischaemoides 
Indigofera hochstetteri 
Rottboellia exaltats 
Ischoemum brachyantherum 
Stirga hermonthica 
Cassia senna 


Of more importance, however, is the sharp decrease in the stands of the gum-yielding trees of Acacia Senegal and Acacia seyal to which have long been tapped for gum, which constituted an important source of incremental income for traditional cultivators. The grazing quality of vegetation has seriously deteriorated. Of the nine specie of grass in 2006 (Table 3), five of them are either unpalatable or unpreferred by animals.

In other parts of the country such as west Darfur state (Table 13) it was showed that dominancy of plants species also changed a lot.  Some trees species that were once dominant in many areas of the state, disappeared and the dominancy was taken over by different species.  Same trend was reported for rangelands species as in certain areas the palatable species completely disappeared and invasive unpalatable ones became dominant.  Most of the species that disappeared from some of the state’s areas still exist in others as well as in different parts of the country.  Accordingly, some times there is misuse of terminology as the local people described some species as extinct in spite of the fact it still exist in the same state  

Table (13): Plant species (trees and herbaceous range lands species) diversity in different 
                  areas of west Darfur state 

	Area
	Trees species that were dominant
	 Trees species disappeared from the area
	Palatable rangelands’ species
	Unpalatable species

	Aish  Barah
	Gueria sengalensis, Calotropis procera, Combretum hartmannianum
	Dalbergia melanoxylon, Cordia Africana, A. seyal, A. nilotica
	Dactyloctenium aegyptium, Cenchrus biflorus, Tribulus terrestris
	, عوير Calotropis procera

	Korti
	Balanites aegyptiaca’ Ziziphus spinachristi, A. Senegal, A. seyal, Combretum hartmannianum, Tamarindus indica, Ficus sycamorus
	Combretum hartmannianum, A. seyal, Balanites aegyptiaca, 
	 Dactyloctenium aegyptium, Cenchrus biflorus, Tribulus terrestris, Pennisetum pedicellatum, Setaria acromelaena
	ذنب الاسد

	Gargar 
	Balanites aegyptiaca’ Ziziphus spinachristi, Sclerocarya birrea, A. seyal, A. Senegal, Bauhinia rufescens
	Bauhinia rufescens, Balanites aegyptiaca’, A. mellifera, A. seyal, A. Senegal,
	Dactyloctenium aegyptiumm, Echinochloa colona, Tribulus terrestris
	العوير والبان جديد

	Habyla Kanari
	Combretum hartmannianum, Boscia senegalensis, Albizia amara, Tamarindus indica, Balanites aegyptiaca, Ficus sycamorus, Faidherbia albida 
	Combretum hartmannianum, Faidherbia albida, Tamarindus indica, Cordia africana
	Dactyloctenium aegyptiumm, Echinochloa colona, Tribulus terrestris, Cenchrus biflorus, Setaria acromelaena
	مهلب، عوير وقرار

	Atyah 
	Faidherbia albida, Balanites aegyptiaca’ Ziziphus spinachristi, A. mellifera, A. nilotica, Ficus sycamorus, A. Senegal, A. seyal,
	Faidherbia albida, Balanites aegyptiaca’ Ziziphus spinachristi, A. mellifera, A. nilotica, Ficus sycamorus, A. Senegal, A. seyal, Tamarindus indica,  
	Dactyloctenium aegyptiumm, Pennisetum pedicellatum, Echinochloa colona
	سعد والعوير


Similar to the above mentioned findings, the Red Sea state reported Loss of species in mountainous areas due to erratic rain specially at Arkweet area, the most important of which is the loss of rare Dracaena species
In general the vulnerability assessment that was conducted for the whole country (all the states) clearly showed and reflected the negative impacts of climate change on natural resources and consequently on livelihoods.  After identification of the most vulnerable sectors, the different states came out in their NAP’s reports with suggestions for adaptation activities/measures.  The latter are considered to help the local and vulnerable communities to adapt.  Many of the proposed measures concentrate on issues that might have impacts on the diversity of species such as:

· Introduction of drought resistant varieties

· Introduction of early maturing varieties

· Changing the type of cultivated species 

· Improving the rangelands’ biodiversity through cultivation of palatable species

· Introduction of improved animal breeds

· Change of animal’s structure 

· Others

Some states showed that some of the above mentioned measures have already been implemented e.g. reseeding of rangelands with seeds collected from other states or even from other countries such as Nigeria (e.g. North Kordofan state).  Such measures were found to lead to threats of spread of new plant pests and diseases.  
4.3.1. Recommendations:

· Need for careful handling of import and export of plants species into and outside the country as well as between the states in order to conserve genetic resources in the country and in its different ecological zones

· Assessment of soil gene bank potential in the different ecological zones of the country in order to benefit from the existing seed resources in enhancing the diversity of species

· Scientific studies (Research) should focus on impacts of climate change on ecosystems biodiversity in order to test whether shift in biodiversity has occurred following shifts in isohyets

· Need for joint implementation of measures between climate change and biodiversity projects in order to insure effective synergy between related programmes
4.4. Marine biodiversity:

Sudan’s coastal zones are located entirely in its Red Sea State, a region located between latitudes 15°52´ North and 23°15´ North, and longitudes 33°15´ and 38°45´ (see Figure 3-1). The region covers about 218,887 square kilometers, borders Egypt to the North, Eritrea to the South, and is made up of eight administrative districts. According to Nasr et, al., (2013), the 750 km long Sudanese coastline is within the centre of marine diversity in the Red Sea, which is itself a region of global importance for marine biodiversity. Key ecosystems include, mangrove, salt marshes, sea grasses and coral reefs. Some of the world’s best coral reefs fringe the mainland coast, and there are numerous uninhabited islands and submerged reefs further offshore. The waters along this coast also support important populations of key species such as dugongs, whale-sharks and manta rays. The islands are internationally significant breeding areas for marine turtles and seabirds.
Sudan’s coastal region can be characterized as consisting of three major zones, northern, central and southern zones, as illustrated in Figure below. The northern zone consists of plains that stretch for about 300 km from Port Sudan to the Egyptian border. The plains range from about 10-30 km in width and contain patches of gravel and sand, as well as several rocky canyons, sand dunes, and low-lying hills. This zone is characterized by a rich variety of marine life, and sporadic salt marshes and mangrove stands. The Dongonab Bay-Marsa Waiai in this region is a biodiversity-rich region about 280,000 hectares in size that features an array of coral reefs, mangrove forests, off-shore islands, soft-bottom mud flats, sand beaches and hard bottom rocky shores in addition to salt-marshes, sabkha and khor basins.
 The region provides support to various threatened species and provides permanent habitats, breeding grounds and areas of refuge for various fish and shrimp. The main land uses within the site are animal breeding, mainly of camels, goats and sheep; fisheries; oyster culture; and tourist activities such as scuba diving.

The central zone consists of plains that extend for about 50 km from Port Sudan, the largest urban center along the coast, to Suakin. It is characterized almost entirely by flat sandy areas up to 30 km in width, with extensive salt marshes in the lower reaches of valleys and sparse to dense mangrove forests. Important infrastructure is found in the region, oil pipeline, railway and Port Sudan airport, in addition to some rainfed and irrigated agriculture fields. 

The southern zone consists of plains that extend from the small coastal town of Suakin to the Tokar Delta just north of the Eritrean border. It is characterized by flat sandy areas, up to 20 km in width, yet is traversed by three large and poorly defined rocky canyons running from north to south. The Suakin-Gulf of Agig region in this region is a biodiversity-rich area.
 It is about 1,125,000 hectares in size and encompasses, not only the sand flats, lagoons, sand shores and Tokar Delta along the coastline, but also the marine expanse of the Suakin Archipelago and its coral reefs. It contains various forms of wetlands such as sand flats, lagoons, and sandy shores amongst others, which supports a range of fauna and flora including the Hawksbill Turtle (Eretmochelys imbricata), the Green Turtle (Chelonia mydas), seabirds; commercial bony fish and shrimp species. Sightings of the Sea Cow (Dugong dugon) and Bottlenose Dolphin (Turciops truncates) have also been noted.

Sudan coastal zones (source: IMU-OCHA Sudan)
4.5. Impacts of climate change on the coastal zone:

The coastline itself is characterized by a large number of coastal lagoons and seasonal inlets, and is in close proximity to a number of Sudanese offshore islands that rise from the relatively deep water of the Red Sea. The climate of Sudan’s coastal zones differs sharply from its hotter and drier interior. Relative humidity ranges between 42-70%, with higher levels encountered in closer proximity with Eritrea. Mean annual rainfall ranges between 33 mm/year in Hala’ib in the north (see Figure 3-1) to about 73 mm/year in Tokar in the south; levels that are many times higher than those just west of the region. 

Red Sea surface temperatures are high, ranging from about 26.2(C to 30.5(C on average in the Port Sudan area. Average salinity levels range from 38​% to 41% in the semi-enclosed sheltered bays and coastal lagoons (Nasr, 1982). These levels are greater than average levels found elsewhere in the world due to high rate of evaporation and very little precipitation, lack of significant rivers or streams draining into the sea, and limited connection with the lower water salinity of the Indian Ocean. Mean Sea Level (PSMSL) for the Port Sudan area confirms that there has been a gradual increase in sea level, about 10-20 cm during the past century. Human induced climate change causes impacts on coastal and marine biological resources through sea-level rise, changes sea surface temperature, seawater salinity etc. 

Sea Level Rise (SLR): One of the most certain consequences of global warming is a rise in mean sea level. According to the IPCC, sea-level rise (SLR) is expected to continue at a significant rate for centuries, even if climate forcing is stabilized (Nicholls et al, 2007).
 The global tide gauge data, indicated that sea levels have been increasing by 1.7-1.8 mm/yr over the past decades, HCENR (2011). The IPCC’s Fourth Assessment Report posits an upper boundary for global mean sea-level rise of 0.59 meters rise by 2100, with a range between 0.1 and 0.9 meters depending on the combination of emission scenario and climate model used. Coastal areas experience more SLR than the open ocean (IPCC WGI 2007). According to Short and Neckles (1999), the direct effects of sea-level rise on the coastal zones will be increased sea water depths, changes in tidal variation (both mean tide level and tidal prism), altered sea water movement, and increased sea water intrusion inland. These effects should be quite noticeable in the shallow Red Sea. As a result, coastal zones are regarded as one of the most vulnerable regions to climate change.

Sudan, with its hundreds of kilometers of coastline containing many sensitive ecosystems, is highly vulnerable to sea level rise. Two studies on the impacts of climate change on the Sudanese coastal zone have been recently conducted by HCENR and PERSGA (2011) for the preparation of Sudan’s Second National Communication (SNC 2013) and HCENR (2013) for the preparation of Sudan’s National Adaptation Plan (NAP). According to these studies, In Sudan, observations confirm that local sea-level is already rising in the Red Sea. A review of limited data from Permanent Service for Mean Sea Level (PSMSL) for the Port Sudan area confirms that there has been a gradual increase in sea level, about 10-20 cm during the past century. However, due to the unavailability of land survey data, it is unclear what role local uplift/subsidence plays in this estimate (Osman, 1984). Nevertheless, impacts from sea level rise should be quite noticeable along Sudan’s coastline and any continuation or acceleration of sea level rise trends would jeopardize both natural systems and coastal development plans (El Raey, 2010). Moreover, erosion processes are expected to increase in coastal lagoons in the Central and Southern Zones, particularly the Tokar Delta. 

Sea-surface temperatures and salinity: Sea-surface temperatures (SST) are warming due to increased concentrations of greenhouse gases in the atmosphere (IPCC, 2007). Sea-surface temperatures (SST) play a vital role in coastal dynamics with respect to the interplay between temperature and sea levels as well as the health of many marine ecosystems.  The IPCC estimates that thermal expansion will contribute more than half of the average sea-level rise as increases in sea-surface temperatures could reach up to 3°C by 2100 (IPCC, 2007), changing the density and thus volume of the oceans. 
Sea-surface temperature changes the density and thus volume of the oceans. Any increase in sea-surface temperature can lead to higher peaks of storm surges and a greater risk of coastal disasters. In the Red Sea, warmer sea-surface temperatures will lead to thermal expansion and will change the mean sea level along Sudan’s coastline. Increased SST could also lead to higher peaks of storm surges, increased cyclone intensity, and a greater risk of coastal disasters. In addition, warmer waters will also undermine temperature-sensitive coastal ecosystem functioning.

Global climate change will also result in changes in seawater salinity (IPCC, 2007). Dissolved salt content influences how oceans react to warming such that there are regional differences and delays in thermal expansion depending on the salinity properties of a particular body of water (Berge-Nguyen et al., 2008). With the emerging consensus in the literature that tropic and sub-tropic regions have become and will continue to become slightly more saline (IPCC, 2007), such changes pose hazards to aquatic plants and animals in Sudan’s coastal lagoons that do not tolerate high salinity.

Sudan’s coastal zones are vulnerable areas given the increased certainty of sea level rise. For the terrestrial environment, the increasing concentration of infrastructure, industrial activity, and population render these areas vulnerable to impacts such as inundation, erosion, and flooding. For the marine environment, changes in sea surface temperature and salinity render coral, fish, and sea grasses vulnerable.

4.6. Vulnerability assessment of the marine biodiversity to climate change: 

Mangrove: Nasr et al (2013) states that Sudanese mangrove (Avicennia marina) forests are typically thin, ranging between 15 to 300 meters in width and rarely exceeding 1-2 km in length (see Figure 3-3). Sudan’s mangroves have a high ecological value to the Red Sea and grow along major segments of the shore-line, on near-shore islets and fringing tidal inlets or creeks. The density and size of the stands increases towards the Southern Zone, which supports muddier soil conditions and receives more freshwater from surface run-off. FAO (1992) estimated the Sudanese mangrove area to be about 500 km2, while PERSGA (2004) estimated the area to be about 1,800 km2.
Mangroves play a vital role in the life-cycle of many valuable seafood species and provide a safe nesting, feeding and roosting site for many types of birds in Sudan. Mangroves also offer coastal protection by reducing wave energy. The most recent study by Nasr et., al (2013), indicated that there are various habitats within the mangrove ecosystem, these include the landward mud and sand flats, the mangrove vegetation including the trunk, aerial roots, leaves and the ample shade of the trees, the mangrove associated lagoons and channels, and the adjacent seaward shallow sub-tidal sand and mud flats, seagrass beds and fringing reefs. 

The mangrove lagoons and associated channels are inhabited by a number of fish species. Most are not true residents but utilize the mangroves as nursery grounds. Studies in the Sudanese Red Sea (Khalil 1994; Khalil & Krupp 1994) have reported that the juveniles of several commercially important fish species – caught as adults in areas adjacent to the mangroves – are dependent upon the mangroves as feeding grounds. These studies reported significantly higher abundance and diversity of fish species from mangrove areas and associated lagoons compared to the open shore, and significantly higher abundance and diversity in the more extensive and dense mangrove stands.

Khalil (1994) described the relationships between fish species and mangroves in the Red Sea and identified three main categories: 

True residents: fish species that may spend their entire life cycle in the mangroves such as Aphanius dispar, Gerres oyena and some gobiids. 

Closely associated species: fish species that are found in the mangroves as juveniles, or juveniles and subadults. These species utilize the mangroves as nursery and feeding grounds e.g. Acanthopagrus berda, Chanos chanos, Crenidens crenidens, Hypoatherina temminckii, Leiognathus equulus, Terapon jarbua, Pomadasys commersonni and some Mugilid species. 

Loosely associated species: those which enter the mangroves as occasional visitors searching for food or protection e.g. Sillago sihama, Thryssa baelama.

The extensive shallow flats seaward of the mangroves are also protected from erosion, excessive sedimentation and turbidity. This provides favourable habitats for growth of algae e.g. Digenea sp. And Cystoseira sp. These flats also support rich populations of commercially important gastropods Strombus sp. And Lambis sp., which are collected for their meat and dufra (local perfumes extracted from the operculum of the animal). Sea cucumbers are also collected from shallow waters around mangrove areas. The impact of mangrove degradation on fisheries and the protection of adjacent habitats, should be investigated through long-term studies and monitoring programmes Nasr et al (2013).

Nasr et al (2013) further stated that a variety of bird fauna was observed during the present mangrove survey. These areas form important resting and wintering sites for migratory birds, both shorebirds and seabirds. They are used as breeding and nesting sites by several species. The very common pink-backed pelican (Pelecanus rufescens) and the goliath heron (Ardea goliath) probably breed in the mangroves. The mangroves, coastal palms and other woody vegetation support an interesting assemblage of breeding avifauna e.g. black kite (Milvus migrans) and several other species.

Mangroves also offer coastal protection by reducing wave energy in addition to the protection of adjacent reefs from siltation accompanying rain water drainage. Extensive stands were originally found in areas where seasonal streams (khors) reach the coast, as these produce the brackish and sediment-rich conditions necessary for mangroves to thrive. 

IUCN in its report, named Managing Mangroves for Resilience to Climate Change, by Elizabeth McLeod and Rodney V. Salm. Published in IUCN Resilience Science Group Working Paper Series - No 2 (2006), indicated the following general impacts of climate change on mangrove:

· Most atmospheric CO2 resulting from fossil fuels will be absorbed into the ocean and seas, affecting their chemistry. Increased levels of CO2 are expected to enhance photosynthesis and mangrove growth rates (UNEP 1994).

· One indirect impact on mangroves of increased temperature and CO2 is the degradation of coral reefs caused by mass bleaching and impaired growth (Hoegh-Guldberg 1999). Damage to coral reefs may adversely impact mangrove systems that depend on the reefs to provide shelter from wave action.

· Sea-level rise is the greatest climate change challenge that mangrove ecosystems will face (Field 1995). Geological records indicate that previous sea-level fluctuations have created both crises and opportunities for mangrove communities, and they have survived or expanded in several refuges (Field 1995). Mangroves can adapt to sea-level rise if it occurs slowly enough (Ellison and Stod- dart 1991), if adequate expansion space exists, and if other environmental conditions are met.

· Mangroves have adapted special aerial roots, support roots, and buttresses to live in muddy, shifting, and saline conditions. Mangroves may adapt to changes in sea level by growing upward in place, or by expanding landward or seaward. Mangroves produce peat from decaying litter fall and root growth and by trapping sediment in the water. The process of building peat helps mangroves keeps up with sea-level rise.

· However, their ability to migrate landward or seaward is also determined by local conditions, such as infrastructure (e.g., roads, agricultural fields, dikes, urbanization, seawalls, and shipping channels) and topography (e.g., steep slopes). If inland migration or growth cannot occur fast enough to account for the rise in sea level, then mangroves will become progressively smaller with each successive generation and may per- ish (UNEP 1994).

Bashir (1998), stated that in recent years Sudan’s mangroves have shown signs of decline. Their vulnerability to external factors will likely increase with climate change-induced sea level rise. This due to the fact that root systems will be unable to take in oxygen and new trees will be unable to take root as seeds float in higher water.  Additionally, any increase in extreme storms may induce erosion damage to the system. Degradation of the mangrove cover will obviously affect all these habitats and disrupt their faunal communities.

There are also other non-climatic factors contributing to the vulnerability of mangrove ecosystem to the impacts of climate change. Three-quarters of mangrove stands are affected by camel grazing, felling, cutting, solid wastes, sewage, burial by mobilized sand dunes, or obstruction to tidal flows (PERSGA, 2006). Wilkie (1995) concluded that the area of the Sudanese mangrove was seriously impacted due to encroachment by grazing and other human derived pressure such as salt pond construction. Observations indicate that there has been no reduction in the rate of mangrove destruction since 1995. The principal cause of deterioration at present continues to be grazing, and there was also significant evidence of mangrove felling.

Coral reefs: According to Sudan’s second national communication (SNC 2013), many shores and beaches of the Sudanese Red Sea coast are fringed by coral reefs and reef flats which provide protection to shores from erosion by waves. These reefs have been described as among the most diverse in the Red Sea (UNEP/IUCN, 1988), and supportive of a complex ecology. Although anthropogenic pressures on reef systems are generally moderate to low, a significant portion is estimated to be in poor health.
The survey of the coral reefs (1990-2000) provided that, in the Rea Sea, reef health was considered good, with 30 to 50 % live coral cover at most locations and more than 50 % total cover on average. Coral diversity and reef-associated fauna were considered amongst the highest in the Indian Ocean region. Coral bleaching caused extensive die-offs in the northern-central Red Sea in 1998, and on the Sudanese coast a red algal film was present over most shallow reefs. The bleaching followed a period when sea surface temperatures exceeded mean monthly averages by more than one degree Celsius (Centigrade). A review of the major threats to coral reefs was compiled during the preliminary phase of the Strategic Action Programme for the Red Sea and Gulf of Aden (World Bank 1998). For Sudanese Rea Sea most severe threats to reefs come from shipping, and dredging for ports and infrastructure development. Though currently small-scale, tourism has a negative impact on the reefs. Both anchoring and fin damage by divers contribute to reef impairment. PERSGA (2003) 

Corals are vulnerable to thermal stress and have low adaptive capacity. If sea-surface temperature increases 1 to 3°C, Sudan can expect more frequent coral bleaching events and widespread mortality especially because of coral systems’ low adaptive, thermal adaptation or acclimatization by corals is unlikely (IPCC 2007). Sudan has already experienced two catastrophic coral events associated with seawater temperature anomalies. 

The long-term prognosis for the survival of coral reefs with climate change, if summer seawater temperatures continue to rise, is not good. Some resilience can be assumed since reefs do exist and persist in this area of historic environment stressors such as extreme fluctuations in seawater temperature and high salinity (Goreau and Hayes, 2008) as well as frequent high turbidity. However, past bleaching events suggest that corals in the Red Sea may have probably reached their upper physiological temperature limit.

Nasr et al., (2013) indicated that large parts of the coral reefs in this region are still in a pristine state, however, environmental threats from habitat destruction, over exploitation and pollution are increasing rapidly, requiring immediate action to protect the coastal and marine environment. Coral reefs are affected by industrial centers from land-filling and dredging; port activities (causing anchor damage and oil and waste water discharges); sewage and other pollution (causing localized areas of coral disease, poor recruitment, and excessive algae); and tourism (damage from anchors and recreational scuba divers).

Nasr et al., (2013) further provided that coral reefs in area between Port Sudan and Suakin has been negatively affected by the extensive coastal development in this area including the expansion of the main port and the port of Suakin (involving dredging and land filling), the establishment of three oil terminals (Al-Khair, Bashayer 1 and Bashayer 2), salt-works, a shrimp farm and the new Red Sea Economic Free Zone. The tourism sector contributes to damage of reefs by anchor and flipper damage.

Sea grasses: According to Sudan’s SNC (2013), sea grasses in Sudan are found in shallow and sheltered waters especially landward depressed areas. They represent direct food and shelter for many marine animals including water birds, fish and crustaceans, and the internationally important dugong and green turtles. They also form the basis of indirect food for many benthic organisms; their dead leaves fall, reach the bottom and are decomposed by bacteria to form detritus used by a variety of these benthic organisms. Commercially important fish and crustaceans use seagrass beds as nursery grounds. 

Sea grass ecosystems have huge ecological importance for coastal areas of Sudan. They provide a stable coastal habitat, improve coastal water quality, and support fisheries production. The production of sea grasses also contributes to biodiversity (both plants and animals) as well as facilitates major nutrient recycling pathways for both inshore and offshore habitats. Seagrass detritus also provides nutrients and energy to salt marsh substrate, contributing to the development of storm-berms at seaward edges and supporting halophytic fauna and flora. In other areas, halophytic root systems help stabilize the substrate, which minimizes the effect of wind erosions and retains water in coastal soils (Phillips, 2002). 

IUCN report on Managing Seagrasses for Resilience to Climate Change (2008), indicated that seagrass meadows provide ecosystem services that rank among the highest of all ecosystems on earth. The direct monetary outputs are substantial since highly valued commercial catches such as prawns and fish are dependent on these systems. Seagrasses provide protective shelter for many animals, including fish, and can also be a direct food source for manatees and dugongs, turtles, some herbivorous fish and sea urchins. The roots and rhizomes of seagrasses also stabilise sediments and prevent erosion while the leaves filter suspended sediments and nutrients from the water column. Seagrass meadows are thus linked to other important marine habitats such as coral reefs, mangroves, salt marshes and oyster reefs. Many seagrass habitats have already been severely impacted by human activities, and may be additionally affected by global climate change. Seagrass meadows are vulnerable to many factors including:

· Sediment disturbances have negative effects on seagrass meadows. Sediments caused by storms, flooding, coastal soil erosion, dredging near seagrass meadows or coastal construction may smother the plants irreversibly or create high concentrations of suspended sediments that reduce the light reaching the seagrasses. 

· Light reductions: In addition to light reductions by sedimentation and eutrophication, climate change may also reduce light by shifting weather patterns to cause increased cloudiness or by increased water depth caused by sea level rises.

· Temperature increases: One of the most widely mentioned global changes is increased temperature. Since seagrasses feature various tolerances to temperature, it follows that certain species may decline drastically (e.g. the temperate Zostera marina growing in monospecific meadows) while others may become replaced by more temperature-tolerant ones (e.g. in temperate-subtropical-tropical interface areas).

Sea grasses along the Sudan coastline are vulnerable to climate change in complex ways. A change in sea-surface temperatures could lead to altered growth rates, geographic distribution, and even impair physiological functions of the plants. A change in mean level, as it contributes to increased water depth, would lead to a subsequent reduction in light available for sea grass growth and could result in a 30±40% reduction in sea grass growth and productivity (Short and Neckles, 2002).

4.7. Adaptation options:

According to Nasr et al (2013), at the regional level, PERSGA has developed the present framework of its regional program strategy, which designates a set of program approaches and actions, projected to be mainstreamed in the PERSGA long term Action Plan. The major components of PERSGA Action Plan into which the proposed multi-disciplinary adaptation measures will be integrated include several long term programs, previously established by PERSGA, viz. the Annual Training, Environmental Education & Awareness, Integrated Coastal Zone Management, Living Marine Resources, Biodiversity and Marine Protected Areas, Pollution Control from Sea-based/ Land Based Activities and Regional Monitoring Programs.  

The main aim of PERSGA Program for adaptation to climate change is to establish a dynamic regional system of adaptation to such unavoidable changes; through assessing and mapping vulnerability of coastal and marine environments, promoting capacities, raising public awareness, facilitate information dissemination and developing efficient observation system, in addition to assist developing specific adaptation plans and support their implementation through demo projects.

PERSGA also assisted the Sudan in formulating other action plans aiming to conserve the key ecosystems in its coastal zone. With PERSGA support site-specific management plans were being developed for the two declared MPAs: Sanganeb Marine National Park and Dungonab Bay and Mukkawar Island. However, in addition to the existing insufficient technical and management capacity, the establishment and management of these MPAs will require continued high-level political commitment.

SNC (2013), suggested implementation of an integrated coastal zone management (ICZM): This involves an integrated approach to land use planning in order to increase the adaptive capacity and preparedness of coastal areas to respond to the threat of sea level rise. Projects under this policy action would support, for example, creation of ecological buffer zones, establishing protected inland zones to accommodate salt marsh, mangrove and sea grass migration, technology transfer, and establishing protected research reserves to improve understanding of how higher seas will impact ecosystems increasingly bordered by man-made infrastructure. Early version of such plans have already been developed but have not yet been implemented due to institutional and regulatory barriers.
Mangrove: IUCN (2006), provided that, to control large-scale threats like sea-level rise on mangrove, there are at least ten strategies managers can apply that collectively hold promise to increase the viability of mangroves by enhancing their resilience:
· Apply risk-spreading strategies to address the uncertainties of climate change.

· Identify and protect critical areas that are naturally positioned to survive climate change.

· Manage human stresses on mangroves.

· Establish greenbelts and buffer zones to allow for mangrove migration in response to sea-level rise, and to reduce impacts from adjacent land-use practices.

· Restore degraded areas that have demonstrated resistance or resilience to climate change.

· Understand and preserve connectivity between mangroves and sources of freshwater and sediment, and between mangroves and their associated habitats like coral reefs and seagrasses.

· Establish baseline data and monitor the response of mangroves to climate change.

· Implement adaptive strategies to compensate for changes in species ranges and environ- mental conditions. 

· Develop alternative livelihoods for mangrove-dependent communities as a means to reduce mangrove destruction.

· Build partnerships with a variety of stakeholders to generate the necessary finances and support to respond to the impacts of climate change.

Coral reefs: The recommendation of the Regional Action Plan for the Conservation of Coral Reefs in the Red Sea and Gulf of Aden developed by PERSGA (2003) provide the basis for building resilient coral reefs in the Red Sea coast. These include:
· To implement Integrated Coastal Zone Management Planning for conservation of coastal reefs, supported by appropriate legislation, land- use planning, participatory approaches, socio-economic and environmental impact assessment, monitoring and enforcement.

· To increase government and public
awareness
through
the implementation of education and awareness programmes; these are to be disseminated through communication
networks (electronic mail) to decision-makers, the mass media, schools, universities and local communities.

· To establish a biologically interconnected network of MPAs is crucial to the long-term maintenance of reef ecosystems and viability of populations of endemic, rare, threatened or endangered and harvested species.

· To implement obligations under regional and international conventions, adoption of Port State Control, improved navigation systems and oil spill response capacities (particularly in sensitive reef areas), surveillance and enforcement.

· To maintain sustainable reef fisheries through the implementation of accurate stock assessment and monitoring, effective regulation of fishing effort, protected areas with “no-fishing” zones, seasonal closures to protect spawning stocks, surveillance and enforcement.
Sea Grasses: IUCN report on Managing Seagrasses for Resilience to Climate Change (2008), indicated that overall, seagrasses are in a vulnerable state. Many meadows are presently declining, and are further threatened by global change scenarios. Effective management, including actions to promote public awareness, can increase the resilience of these important habitats. If protected, healthy seagrass meadows will continue to support the many fish, invertebrates, dugongs, manatees, green turtles, seabirds and Homo sapiens living of or within the meadows, as well as the biota of coral reefs and mangrove forests. Effective management of seagrass meadows is essential in order to maintain these valuable ecosystems and their important functions. Controlling human impacts will help maintain healthy seagrasses that are better able to resist or recover from climate change impacts. In addition to effective management, the following steps should be taken by managers to support the resilience of seagrass systems:

· Mapping and monitoring to identify disturbances to seagrass habitats and to determine management efforts 

· Connectivity: It should be established where seagrass meadows are ecologically linked to adjacent habitats (e.g. mangroves or coral reefs). Such linkages should be taken into account when designing protected areas and management plans.

· Protection and restoration to preserve plants and seeds for later recovery of damaged areas, including by allowing regeneration of critical seagrass areas by eliminating the causes of their decline.

· Awareness: Spread awareness about seagrasses and the importance of maintaining healthy seagrass habitats to the general public, environmentalists and policy makers.

5. Sources of climate finance for the NBASP:

5.1. Internal sources:

National sources of funding for natural resources conservation and management are very limited, fragmented and mostly focusing on the utilization side. The best example is the livestock and rangelands, where despite the significant contribution of livestock to the national income, still very little investment is made in the rehabilitation and development of rangelands and on development of accurate data and information base for livestock management. The national priorities, which is mainly determined by the current political, and security situation do not allow sufficient resources for natural resources conservation and development.  Currently donor-funded project play an important role in natural resources management especially on rangeland, water, forestry sectors. The donor support also encourages the government to provide local components to meet its obligation under the donor-funded project agreements. Under the current financial crises in Sudan regular budget allocations are at their minimum rates and the development budget allocations are mostly not available or provided only under very restricted situation. Other difficulties for financing natural resources management are the lack of integrated approach (in the context of national development) and lack of effective coordination between the institutions involved, the result is duplication of efforts and inefficient use of available resources.
For self-financed organization such as FNC, the available financial resources are well below the minimum amounts required to plan and to implement to conserve and sustainably manage the forest resources. FNC is entirely relying on its own resources to finance plantation, protection and management activities. The wide range of products and services derived from forests is fully acknowledged. Though, FNC is often not positioned to fully capture the benefits from management of forests.

FNC accomplishments during the last two decades in the areas of reservation and afforestation deserve redoubling the availability of funds for the promotion of sound management and sustainable development. But unfortunately that was not the case in view of lack of finance from the three resources defined by FAO (26 % from own resources, 33 % from the national budget and 41 % from foreign donors). The contribution of the national budget during the past five years did not exceed 5 % and the foreign aids did not exceed 9 %. The ratio of the corporation revenue during the past five years was 86 % of the expenditure. Fifty five percent of the revenue is used to meet the expenditure under chapter l and 45 % to meet the costs of operation (forest reservation, afforestation, protection and desertification control) (Mohamed,  2011)

Table 14. FNC annual Budget million SDG (2005-2009)
	Years
	Collected

revenue
	Million US$
	Chapter one
	%
	Chapter two

administration
	%
	Chapter two

operation
	%

	2005
	21,900
	11.00
	12,628
	58%
	5,465
	25%
	3,220
	15%

	2006
	26,235
	11.3
	14,220
	54%
	5,895
	22%
	2,426
	9%

	2007
	29,580
	12.26
	16,295
	55%
	6,200
	21%
	5,780
	20%

	2008
	30,860
	12.38
	17,750
	56%
	6,405
	20%
	6,634
	21%

	2009
	31,594
	12.64
	18,148
	57%
	6,517
	21%
	7,067
	22%

	2010
	43,90
	17,60
	19,70
	45%
	6,90
	16%
	17,30
	39%

	2011
	45,60
	18.3
	24,2
	53%
	7.4
	16%
	14.00
	31%


Chapter two operation is mainly for (A/R) establishment and management of plantation

Recommendations:

FNC should improve the revenue system through different mechanism e.g.

· There is a good potential for revenue- sharing with local communities, private sector and civil society such as taungya and grazing management.
· Conversion of FNC into more business fashioned enterprise, which could ultimately be self-supporting and enjoy full autonomy.

National Opportunities: country-led initiatives but mostly lack adequate funding 
· The allocation of government funding of the main part of the public budget, government investment funds (1% - 2%) to invest in forestry 
· Agricultural development (Revival programme), covers forestry, natural resources and agriculture
· Poverty alleviation strategy 

· Strategies for development of speific sectors (agriculture, livestock, energy, mining, exploration, irrigation and rural development)
5.2. International sources:

GEF: The Global Environment Facility (GEF) provides grants to developing countries and countries with economies in transition for projects related to biodiversity, climate change, international waters, land degradation, the ozone layer, and persistent organic pollutants. The GEF serves as a financial mechanism for the UN conventions on Biological Diversity, Climate Change and combating Desertification. GEF “resources allocation framework” to countries is provided in cycles of funding every number of year (5 years) the current cycle if GEF-5 the so-called START allocation. For Sudan the allocation has increase from about 8 millions USD in GEF-4 to about 15 million USD in GEF-5. Access to GEF resources is mainly through GEF implementing agencies, which are about 10 mainly UN in addition to other international organizations such as UNDP, UNEP, World Bank, FAO, UNIDO, IFAD, IUCN, etc. In number of cases these implementing agencies provide co-financing from their own track resources to the GEF projects particularly when they meets their priority area of work. Therefore these implementing agencies should be considered as important sources of finance and national institutions intending to access GEF resources through them should always make sure to request these agencies to provide co-funding to their project.

Climate Change Convention Funds: The climate change convention established number of funds such as the Special Climate Fund (SCF), the Least Developed Countries Fund (LDCF), the Adaptation Fund (AF), and recently the Green Climate Fund (GCF), which supposed to be the major sources of climate finance from year 2014 on. All these fund support adaptation and mitigation activities, which in most case contribute to biodiversity conservation. Although these funds have governance structures that ensure equal access by all developing countries, however, these funds suffer from lack of adequate financial resources and some of them almost empty because the donor countries do not make their promised contribution. Sudan so far have benefited only from the LDCF, which supported NAPA preparation in addition to 2 NAPA implementation projects. Compared to the other funds the donor countries showed more serious commitment towards contributing to LDCF than to the other Convention funds.  
World Bank:  A very important funding source for natural resources and biodiversity, however, the current policies of the donor countries of the Bank does not allow equal access by Sudan to the available resources. The multilateral funds for carbon projects are dominated by the World Bank, which facilitates eight carbon funds: the Prototype Carbon Fund, the Italian Carbon Fund, the Netherlands Clean Development Facility, the Community Development Carbon Fund CDCF; the Netherlands European Carbon Facility, the Spanish Carbon Fund and the Danish Carbon Fund. The World Bank acts as the secretariat, trustee, and delivery partner for a number of institutions relevant to REDD+ financing and implementation, including:
· The BioCarbon Fund is a public/private initiative with the World Bank as Trustee. The Fund aims to finance cost-effective emission reductions through land use and forestry projects

· Forest  Carbon Partnership Facility (FCPF) aims to assist countries in the development of systems to engage in REDD+ . 

· Forest  Investment Program (FIP) The FIP is a part of the Strategic Climate Fund, which is one of two multi-donor climate change trust funds under the World Bank to support adaptation and mitigation activities. 

· UN-REDD is a joint program of the FAO, UNDP and the UNEP that assists developing countries in creating national REDD+ strategies, implementing national programs, and coordinating global analyses and developing guidelines to advance implementation of and knowledge on REDD+. 
REDD+ PARTNERSHIP: the REDD+ Partnership, which made up of donors and recipient countries to help the 71 REDD+ donor and recipient countries to scale-up REDD+ actions and finance 

Bilateral Support: A number of international donors provide direct support to national or regional funds such as Norwegian Agency for Development Cooperation (NORAD), the United Kingdom through the Department for International Development (DFID), Japan International Cooperation Agency (JICA), Australia through the International Forest Carbon Initiative, and USAID. In most cases, bilateral sources represent the main opportunities for receiving large amount of funding for environment and development, because donor countries prefer to put their money in their bilateral programmes rather than making big contributions to multilateral funds. Therefore, Sudan access to all these sources will unfortunately be affected by the national policies of the donor countries supporting these initiatives against Sudan. Therefore, better understanding of these sources, tough negotiation and early involvement of the Ministry of Foreign Affairs may be needed to access these very important sources.
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� Information about Dongonab Bay-Marsa Waiai is drawn from �HYPERLINK "http://www.ramsar.org/wn/w.n.sudan_coastal.htm"�http://www.ramsar.org/wn/w.n.sudan_coastal.htm� where the reader is referred for additional details.


� Information about Suakin-Gulf of Agig is drawn from �HYPERLINK "http://www.ramsar.org/wn/w.n.sudan_coastal.htm"�http://www.ramsar.org/wn/w.n.sudan_coastal.htm� where the reader is referred for additional details.
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