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GHG Sources & Sinks CO,-equiv CO, CH, N,O NO, @ CO NMVOC SO,
1 Energy 12,445 10,596 87.7 0.0 0 0 2 3
2 Industrial Processes 592 589 0.2 0.0 0 0 0 0
3 Solvent & Other Product Use
0 0 0.0 0.0 0 0 0 0
4 Agriculture 7,469 0 18.5 22.8 0 0 0 0
5 Land-Use Change & Forestry
0 0 0.0 0.0 0 0 0 0
6 Waste 372 0 17.7 0.0 0 0 0 0
Total National Emissions 20,879 11,184 124.2 229 0 0 2 3
Net National Emissions 20,879 11,184 124.2 22.9 0 0 2 3
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Greenhouse Gas

Carbon dioxide
Methane
Nitrous oxide

Sulphur hexafluoride

Hydrofluorocarbons (HFCs)
HFC-23

HFC-32
Perfluorocarbons (PFCs)
Perfluoromethane

Perfluoroethane
Perfluoropropane
Perfluorobutane
Perfluorocyclobutane

Perfluoropentane
Perfluorohexane

Global Warming Potential (GWP)

Formula

CO2
CH4
N20

SF6

CHF3
CH2F2

CF4
C2F6
C3F8

C4F10
c-C4F8

C5F12
C6F14

100-year GWP
(SAR)
1
21
310
23,900

11,700
650

6,500
9,200
7,000
7,000
8,700

7,500
7,400

100-year GWP
(AR4)
1
25
298
22,800

14,800
675

7,390
12,200
8,830
8,860
10,300

13,300
9,300

IPCC Fourth Assessment Report (AR4)
IPCC Second Assessment Report (SAR).
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Waste
1.8%

Agriculture
35.8%
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Processes
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CH4 = 124.2 x 21 [GWP-SAR] = 2,986.2 Gg CO2- equiv.
N20 = 22.9 x 310 [GWP-SAR] = 7,099 Gg CO2-equiv.
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GHG Source Categories CO,-equiv CO, CH, N,O NO, | CO | NMVOC | SO,
All energy emissions 12,445 10,596 87.7 0.02 0 0 2 3.0
A Fuel Combustion Activities 10,603 10,596 0.0 0.02 0 0 0 0.0
1 Energy Industries 7,516 7,509 0.0 0.02 0 0 0 0.0
2 Manufacturing
Industries & 0 0 0.0 0.00 0 0 0 0.0
Construction
3 Transport 1,657 1,657 0.0 0.00 0 0 0 0.0
4 Other Sectors 1,430 1,430 0.0 0.00 0 0 0 0.0
B Fugitive Emissions from Fuels 1,842 0 87.7 0.00 0 0 2 3.0
1 Solid Fuels 0 0 0.0 0.00 0 0 0 0.0
2 Oil and Natural 1,842 0 87.7 = 0.00 0 0 2 3.0
Gas
Memo Items 417 417 0.0 0.00 0 0 0 0.0
International 417
Bunkers 417 0.0 0.00 0 0 0 0.0
CO2 Emissions 0
from Biomass 0 0.0 0.00 0 0 0 0.0
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GHG Source Categories CO,-equiv CO, CH, N,O NO, CO C SO,
All industry emissions 592.4 588.8 Oél 00 00 00 001 04
. 0.1 0.0
Industrial Processes 592.5 588.8 3 0.0 0 00 001 | 04
A Mineral 588.8 | 588.8 00 000 04
Products
B Chemical 3.7 00 %1009 00 000 00
Industry 8 0
C Metal 0.0 0.0
Production 0.0 0.0 0 0.0 0 0.0 | 0.00 0.0
D Other Production 0.0 0.0 060 00 001 00
E Production

of Halocarbons and
Sulphur Hexafluoride
F
Consumptio
n of Halocarbons and
Sulphur Hexafluoride
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GHG Source Categories gq(l)ﬁv CO, CH, N,O NO, CO NMCVO
All agriculture emissions 7,468.8 0.0 185 228 0.0 0.0 0.0
A Enteric Fermentation 370.3 17.6

B Manure Management 20.0 0.9 0.0 0.0
C Rice Cultivation 0.0 0.0 0.0
D Agricultural Soils 7,078.5 0.0 228 0.0
E Prescribed Burning of Savannas 0.0 0.0 0.00 0.0 0.0 0.0
F Field Burning of Agricultural Residues 0.0 0.0 0.00 0.0 0.0 0.0
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GHG Source Categories

All waste emissions

A Solid Waste Disposal on Land

B Wastewater Handling

C Waste Incineration

D Other (please specify)

COz'
equiv

372

116

256

Co,

CH,

17.7

5.5

12.2

0.0

0.0

N,O NO, CO
0.0 0.0 00
0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

NMVO
C

0.0

0.0

0.0

0.0

0.0
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Figure 1-3: Temperature patterns in Sultanate of Oman, 1961-1990 (Source: Charabi and Al-Yahyai, 2013)
a) Average annual b) Average maximum (June) c¢) Average minimum (January)
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Figure 1-4: Rainfall patterns in Sultanate of Oman, 1961-1990 (Charabi and Al-Yahyai, 2013.)
a) Annual average

b) Summer average c) Winter average
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Figure 3-4: Projected average maximum temperatures changes in Sultanate of Oman
a) By the 2011-2040 period b) By the 2041-2070 period
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Figure 3-5: Projected future average minimum temperature changes in Sultanate of Oman
a) By the 2011-2040 period b) By the 2041-2070 period
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Figure 3-6: Projected future average annual rainfall changes in Sultanate of Oman
a) By the 2011-2040 period b) By the 2041-2070 period
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Figure 3-8: Occurrence of harmful algal blooms in coastal q_j)_g_dl OLLZI |9 dla_wi”-4

waters off Sultanate of Oman
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Abstract

Oman is one of most water-stressed countries in the world. Therefore, keeping water and energy supply and demand
in equilibrium in a pressing development is a challenge facing Oman in the years ahead. The threat from the potential
impacts of climate change has growing with the recent tropical cyclones that had affected the couniry and caused loss
of life and substantial damage throughout the coastal areas of Oman. The design of an effective climate change strategy
requires a deep knowledge about the past, the present climate and also requires an accurate estimation of the plausible
change in future climate. This paper presents a rather complete picture about the current (1961-1990) and future
(2011-2070) projection of the paftemn of rainfall and temperature. For the assessment of the future climate projecfion
aver Oman, the 21st century the Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4)
A1B, forcing scenario is used with the climate model of the National Center for Atmospheric Research (NCAR) and the
Community Climate System Model (CCSM-3). The A1B scenario clearly shows future minimum temperature increases
that are in line with the results shown that minimum temperatures will experience the greatest impact from climate
change. The simulation shows that the northem of Oman is expected to face decreasing rainfall in the coming decades.
In a region where historic average annual rainfall levels are between 50 and 100 mm for the northern coast area, climate
change is expected to lead to between 20 and 40 mm less rainfall by 2040. This is equivalent to a reduction in average
annual rainfall of about 40%. With less future rainfall in northem areas, groundwater recharge, surface water flow and
water quality are expected to also decrease.

Keyworcls: AlB scenario; Climate change; Oman; Rainfall;
Temperature

Introduction

The Sultanate of Oman occupies the southeastern corner of the
Arabian Peninsula. The country encompasses an area of about 309,500
kv, and is characterized by a diverse range of topography including
mountain ranges, arid deserts and fertile plains (Figure 1). Even though
Oman is an arid region, due to its complex topography, the country
has a number of local climates ranging from hyper-arid conditions in
the Empty Quarter and along coasts and plains, to arid conditions in
foothills and highlands, to semi-arid conditions along the slopes and
summits of the Hajar Mountains in the north [1-3].

With regards to the water sector, Oman is one of most water-
stressed countries in the world. Keeping water supply and demand
in equilibrium in a pressing development challenge facing Oman in
the years ahead. Agricultural production is wholly dependent on
irrigation. Hence, water rather than the availability of arable land
and/or suitable soils are the critical constraints. Even without climate
change occurring, water availability and groundwater deterioration
have been identified as major development constraints, with absolute
water scarcity predicted as early as 2020 [4].

The total renewable ground water supply (ie. annual ground
recharge quantity) is about 1.3 billion m3 per year. Notably, water
demand in the north is about 1.6 bem per year or about 25% more
than groundwater supply. In the past few years, over pumping of wells
have led lowered groundwater tables as well as seawater intrusion
into aquifers. Hence, strategies and measures to balance supply and
demand, already a government priority, will become critical as the
climate continues to change.

Desalinated water, already accounting for 16% of total water
supply, is considered Oman’s only reliable major option to confront
growing water scarcity, despite its high cost [4].

The deterioration in groundwater quality has become evident in
recent years. First, groundwater salinity is increasing in the Al Batinah
and Salalah plains because of saltwater intrusion due to over-pumping.
For example, groundwater withdrawals in South Al Batinah increased
fivefold over the 1970-1995 period, from 34 mm® to 161 mny, with
current withdrawal rates roughly double the recharge rate. Second,
groundwater pollution is increasing in wadi areas. This is due to
improper disposal of wastewater [4].

The threat from the potential impacts of climate change has
growing with the recent tropical cyclones that had affected the country
and caused loss of life and substantial damage throughout the coastal
areas of Oman. Most recently, in June 2007, the super cyclone Gonu
tracked into the Sea of Oman. This cyclone is the strongest on record
in the Arabian Sea, with 900 mm of rain falling on a single day (5 June
2007) and average wind speeds reaching about 130 kmy/h [5]. A total
of 50 people were killed as a result of Gonu in Oman, with damages of
about $4.2 billion. Three years later, on 4 June 2010, the cyclone Phet
made landfall in Oman, dropping 450 mm over northeastern Oman.
In Oman, 24 people died with damages of about $0.8 billion. Intensity
of tropical cyclones and severity of their impact may increase in future
warmer climate [6-8].

According to the recent census, 56% of the population of Oman are
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Figure 4-1: Levels of action to respond to climate
change in Sultanate of Oman (source: Ministry of
Environment & Climate Affairs, 2012)
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