
MARKOV CHAIN ANALYSIS OF YEARLY PRECIPITATION AMOUNT OVER THE SOUTH-SOUTH REGION IN NIGERIA


ABSTRACT 
	Aims: Markov chain analysis was employed to examine the pattern and distribution of yearly precipitation amount in Akwa Ibom, Bayelsa, Rivers, Cross River, Edo and Delta states in Nigeria.  
Duration of Study: Twenty-one (21) years data (1990-2020) on daily precipitation amount was obtained from National Aeronautic and Space Administration (NASA) metrological center.
Method The outcome of the standardized anomalies was used to rank yearly precipitation amount into different Markov Chain states for ease analysis. A seven-state (1: Wet, 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry, 6: Moderately dry and 7: Dry).
Results: Markov chain was used to describe the behavior of precipitation occurrences in the study locations. Findings revealed that Rivers state had the highest amount of precipitation in 2007, while Edo had the lowest amount in 1999 over the study period. The standardized anomalies shows major positive departure in Rivers compared to other regions in the South-South. There is a 48%, 33%, 38%, 33%, 35% and 38% chance of precipitation amount been normal (state 4) on any given year regardless of previous weather conditions in Akwa Ibom, Bayelsa, Edo, Rivers, Cross river and Delta respectively.
Conclusion: Understanding the transition from one Markov chain state of precipitation amount to another state is necessary for future planning in areas like agriculture, hydrological studies and the entire planning of the South-South region.
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1. INTRODUCTION 

Precipitation occurs when hydrometeors (liquid and ice particles that form in the atmosphere) are large and heavy enough to fall to the Earth’s surface. It is the universal term for rainfall, snowfall, and other forms of frozen or liquid water falling from clouds and it varies from year to year, and changes in intensity, frequency, amount and type.The microphysics of precipitation particle formation is affected by super-saturation, nucleation, diffusion, and collision. Collision between two hydrometeors allows them to combine into larger precipitation particles which are much larger than cloud particles. Clouds colder than 0°C, ice nuclei trigger ice crystals to grow. Ice crystals can exist in the air along with supercooled liquid drops. Because of the difference between liquid and ice saturation humidities, the ice can grow at the expense of evaporating liquid droplets. If the ratio of water to ice hydrometeors is about a million to one, then most of the water will be transferred to ice crystals, which are then heavy enough to fall as precipitation [1]. The unique demand for precipitation to life has made its study a major concern in our society. 

Changes in precipitation patterns have substantial effects on humans, ecosystems, agriculture and so on [2-4]. The potential impacts of low or heavy precipitation include crop damage, soil erosion, and an increase in flood risk [5]. It is well established that precipitation patterns are certain to be affected by global warming, because sea and air temperatures and sea-level atmospheric pressure, which are the underlying forces behind these patterns, are already changing [4]. Precipitation exhibits a strong variability in time and space across the globe. Thus, its stochastic modeling is necessary for the prevention of natural disaster. A stochastic model is preferred if the process has a strong element of randomness, complexity and involves many discrete events. The choice of using a model depends on the nature of the process to be modeled.

The analysis of precipitation patterns behavior particularly in terms of amount of rainfall, frequency, intensity, duration and distribution has been studied extensively [6-9].  [10] demonstrated the potential benefits of using Stochastic Processes for modeling and interpreting historical rainfall occurrence in Kurdufan State Sudan using Markov Chains as the driving mechanism.  [11] employed the Markov Chain model in modeling the sequence of positive and negative maximum air temperature anomaly in Port Harcourt (Rivers), Nigeria. [12] applied the Markov Chain Rainfall distribution in Uyo (Akwa Ibom) metropolis of Nigeria using 15 years (1995-2009) rainfall data. They discovered that the Monsoon period with a WC of 5 days, the expected length of dry, wet and rainy days were 2 days, 1 day and 2days while for the Post-Monsoon period with a WC of 8 days, the expected length of dry, wet and rainy days were 6 days, 1 day and 2days respectively. The present study applies the Markov Chain in modeling the precipitation patterns in Akwa Ibom, Bayelsa, Rivers, Cross River, Edo and Delta Nigeria which is rare. A Markov chain is a stochastic model that describes a sequence of possible events or transitions from one state to another of a system and only requires the information of the present state to predict the future states. This property of forgetting past events is known as the memory less property. The findings from this work would provide a useful information for design of water supply management, agriculturists and knowledge of precipitation pattern and its distributions over the South-South region in Nigeria.

2. methodology 

2.1 Study Area and Data 
This research focuses on the six (6) states in the South-South geopolitical zone of Nigeria which includes; Akwa Ibom, Bayelsa, Cross River, Delta, Edo and Rivers states. This geopolitical zone lies between Latitudes 4050/N and 7010/N and Longitudes 6040/E and 8030/E. The South-South zone has a total of 123 Local Government Areas and covers a total area of 78,612Km2, about 8.5 percent of Nigeria’s total land mass. It accounts for a total population of (16,381,729) about sixteen million people. This zone is the major location of crude oil and natural gas deposits in Nigeria. Also, the core oil palm belt of the nation is found in this zone. Crops such as rubber, cocoa, cassava, yam, plantain, banana, maize and timber are mostly grown in large quantity in this region. The inhabitants are mainly the; Efiks, Annangs, ibibios, ijaws, Itsekiris, Urhobos and Binis among others. They are engaged in different forms of economic activities such as; commerce, hospitality, industries and tourism.
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Fig. 1: Map of Nigeria showing the six South-South states.
Data on daily precipitation over Akwa Ibom, Bayelsa, Rivers, Cross River, Edo and Delta states, Nigeria for twenty-one years from January1, 1990 to December 31, 2020 were obtained from National Aeronautic and Space Administration (NASA) metrological center. There were no missing observations in the entire daily precipitation data recorded. 
2.2 Methods
(i) Standardized Anomalies
The precipitation yearly standardized anomalies were computed for the six South-South states in Nigeria. [13] suggested that standardized anomalies is a useful tool in predicting extreme multiday rainfall events in the northern Sierra range, [14] used normalized departures from climatology to objectively rank synoptic-scale events. The standardized anomalies “N” (normalized departure) of any meteorological variable can be defined by:
                                                 (1)
Where X is the actual precipitation amount,  is the average precipitation amount and  is the Standard deviation for each study location. The outcome of the standardized anomalies could be negative (below average) or positive (above average) and this was used to rank yearly precipitation amount into different Markov Chain states for ease analysis.
(ii) Markov Chains
Markov chains was introduced in 1906 by Andrei Andreyevich Markov (1856–1922) and named in his honor. A Markov chain is a stochastic model describing a sequence of possible events in which the probability of each event depends only on the state attained in the previous event (Markovian property). A stochastic process {Xn} is said to have the Markovian property if

                                                            	                		(2)          
For all states and. 
For a first-order Markov chain, the future state is independent of the previous states and depends only on the present state  [15]. A stochastic process {Xn} (n = 0, 1 . . .) is a Markov chain if it has the Markovian property.
The conditional probabilities P {Xn+1 =j/Xn =  i} for a Markov chain are called (one-step) transition probabilities. A Markov chain transition matrix is a square array describing the probabilities of the chain transiting from one state to another. This transition probability  is given as [16]:

		                                                                   		(3)          

 The elements  are also called stationary probabilities. Stationary transition probabilities implies that the transition probabilities do not change over time. 

For any value of  the nth power of the matrix P specifies the probabilities  that the chain will move from state  to  is called the n-step probability matrix. This is based on the Chapman Kolmogorov equation, which states as follows [17]; 
For any 
                                                                                         (4)
where denotes the matrix of n-step transition probability.
A seven-state Markov chain was used to describe the behavior of precipitation occurrences in the study locations. The seven-state space, as considered were; 1: Wet, 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry, 6: Moderately dry and 7: Dry.  The conditions of precipitation occurrence for the seven states were defined using the standardize anomaly as follows:  state 1: Wet-if precipitation is greater or equals to 2, state 2: Moderately wet – if precipitation lies between 1.00 to 1.99, state 3: Slightly wet– if precipitation lies between 0.50 to 0.99, state 4: Near normal– if precipitation lies between 0.49 to -0.49,  state 5: Slightly dry– if precipitation lies between -0.50 to -0.99, state 6: Moderately dry– if precipitation lies between -1.00 to -1.99 and state 7: Dry– if precipitation is less or equals to -2 as shown below.

					(5)
The current year precipitation amount was expected to depend only on that of the preceding year; hence, the observed frequency of years of being in a particular atmospheric state “j” (j = 1…7) having just left atmospheric state “i” (i = 1…7), are presented in Table 1 while the associated transition probability matrix is presented in Table 2.
Table 1: Frequency of years of being in atmospheric state “j” preceded by atmospheric state “i”
	 
	 
	Current Year

	 
	States
	Wet (1)
	Moderately wet (2)
	Slightly wet (3) 
	Near normal (4)
	Slightly dry (5) 
	Moderately dry (6)
	Dry (7)

	Previous Year
	Wet (1)
	N11
	N12
	N13
	N14
	N15
	N16
	N17

	
	Moderately wet (2)
	N21
	N22
	N23
	N24
	N25
	N26
	N27

	
	Slightly wet (3) 
	N31
	N32
	N33
	N34
	N35
	N36
	N37

	
	Near normal (4)
	N41
	N42
	N43
	N44
	N45
	N46
	N47

	
	Slightly dry (5) 
	N51
	N52
	N53
	N54
	N55
	N56
	N57

	
	Moderately dry (6)
	N61
	N62
	N63
	N64
	N65
	N66
	N66

	
	Dry (7)
	N71
	N72
	N73
	N74
	N75
	N76
	N77


Where
N11: Number of wet years preceded by wet years.
N12: Number of wet years preceded by moderately wet years
N71: Number of dry years preceded by wet years
N77: Number of dry years preceded by dry years, and so on

The probability of precipitation being in a particular state was computed based on the Markov chain assumption that attaining a state is hinge on the immediate preceding state only. 
Table2: Transition probability matrix of the seven state Markov Chain.
	 
	 
	Current Year

	 
	States
	Wet (1)
	Moderately wet (2)
	Slightly wet (3) 
	Near normal (4)
	Slightly dry (5) 
	Moderately dry (6)
	Dry (7)

	Previous Year
	Wet (1)
	P11
	P12
	P13
	P14
	P15
	P16
	P17

	
	Moderately wet (2)
	P21
	P22
	P23
	P24
	P25
	P26
	P27

	
	Slightly wet (3) 
	P31
	P32
	P33
	P34
	P35
	P36
	P37

	
	Near normal (4)
	P41
	P42
	P43
	P44
	P45
	P46
	P47

	
	Slightly dry (5) 
	P51
	P52
	P53
	P54
	P55
	P56
	P57

	
	Moderately dry (6)
	P61
	P62
	P63
	P64
	P65
	P66
	P66

	
	Dry (7)
	P71
	P72
	P73
	P74
	P75
	P76
	P77


Where
P11 = P (): Probability of a wet year preceded by a wet year
P21 = P (): Probability of a moderately wet day preceded by a wet year
P77 = P ():  Probability of a dry year preceded by a dry year; and so on, subject to the condition that the sum of probabilities of each row equals to one. That is;
P11 + P12 + P13 + P14 + P15 + P16 + P17 =1                                        (6)
The Markov chain transition probabilities matrices, simulated trajectories of the Markov Chain and the Unconditional probability vectors plot against step over study locations shall be determined in the analysis using the computed yearly precipitation amount.



3. results and discussion

The precipitation amounts over Akwa Ibom, Bayelsa, Rivers, Cross River, Edo and Delta for the period of 1990-2020 ranged from 1498 to 3660 mm, 1280 to 3854 mm, 1516 to 3918 mm, 1400 to 3501 mm. 962 to 3164 mm and 1083 to 3514 mm respectively. The lowest value of precipitation amounts over Akwa Ibom, Bayelsa, Rivers, Cross River, Edo and Delta 413.2 mm was recorded in 2014, 2014, 1991, 2014, 1999 and 1999, while the highest amount was recorded in 2000, 2020, 2007, 2007, 2000 and 2000 respectively (Figure 2). Rivers had the highest amount of precipitation in 2007, while Edo had the lowest amount in 1999 over the study period.

Figure 2: Yearly Precipitation amount in South-South region from 1990-2020.

The standardized precipitation anomaly analysis over the South-South regions is presented in Figure 3. The analysis shows normal (average), positive (above average) and negative (below average) departure of yearly precipitation from 1990-2020. The Standardized precipitation anomaly of 2.9, 1.8, 1.9, 2.9, 2.3 and 2.7 over Akwa Ibom, Bayelsa, Rivers, Cross River, Edo and Delta placed the year 2000, 2020, 2007, 2007, 2000 and 2000 respectively as the wettest year in the South-South region since 1990 to 2020 (Figure 3).  Furthermore, the years 1992, 1994, 1995, 1996, 2000, 2007, 2017 and 2020 was above average (wet), while 1990, 1991, 1999, 2008 and 2014 was below average (dry) across study locations. The analysis shows major positive departure in Rivers compared to other South-South states considered in this work. 
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Figure 3: Standardize Precipitation Anomaly from 1990-2020
The first order transition probabilities were obtained for Akwa Ibom, Bayelsa, Edo, Rivers, Cross river and Delta as presented in Table 3. The transition probabilities occurred from state 1-6 (Edo, Delta and Akwa Ibom), state 2-7 (Cross River), state 1-5 (Rivers) and lastly state 2-6 (Bayelsa). The states space 1: Wet, 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry, 6: Moderately dry, occurred in Edo, Delta and Akwa Ibom; States 1: Wet, 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry in Rivers; States 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry, 6: Moderately dry in Bayelsa and lastly, States 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry, 6: Moderately dry, 7: Dry in Cross River.




Table 3: Transition probabilities matrix across locations in South-South region.
	 Loc.
	States
	1
	2
	3
	4
	5
	6
	 Loc.
	States
	2
	3
	4
	5
	6
	7

	Edo
	1
	0.00
	0.00
	0.00
	0.00
	1.00
	0.00
	Cross River
	2
	0.25
	0.25
	0.00
	0.50
	0.00
	0.00

	
	2
	0.00
	0.00
	0.00
	0.67
	0.00
	0.33
	
	3
	0.29
	0.29
	0.29
	0.13
	0.00
	0.00

	
	3
	0.00
	0.67
	0.33
	0.00
	0.00
	0.00
	
	4
	0.13
	0.25
	0.36
	0.13
	0.13
	0.00

	
	4
	0.00
	0.00
	0.22
	0.34
	0.22
	0.22
	
	5
	0.00
	0.20
	0.20
	0.40
	0.00
	0.20

	
	5
	0.00
	0.14
	0.00
	0.58
	0.14
	0.14
	
	6
	0.00
	0.50
	0.25
	0.00
	0.00
	0.25

	
	6
	0.17
	0.00
	0.00
	0.17
	0.33
	0.33
	
	7
	0.00
	0.00
	1.00
	0.00
	0.00
	0.00

	Delta
	1
	0.00
	0.00
	0.00
	0.00
	1.00
	0.00
	
	
	1
	2
	3
	4
	5
	 

	
	2
	0.00
	0.25
	0.50
	0.00
	0.00
	0.25
	Rivers
	1
	0.33
	0.50
	0.00
	0.17
	0.00
	

	
	3
	0.00
	0.50
	0.25
	0.25
	0.00
	0.00
	
	2
	0.50
	0.13
	0.12
	0.13
	0.12
	

	
	4
	0.00
	0.00
	0.20
	0.60
	0.00
	0.20
	
	3
	0.00
	0.17
	0.50
	0.17
	0.16
	

	
	5
	0.00
	0.20
	0.00
	0.60
	0.20
	0.00
	
	4
	0.17
	0.17
	0.33
	0.33
	0.00
	

	
	6
	0.20
	0.00
	0.00
	0.20
	0.40
	0.20
	
	5
	0.00
	0.50
	0.50
	0.00
	0.00
	

	Akwa Ibom
	1
	0.00
	1.00
	0.00
	0.00
	0.00
	0.00
	
	
	2
	3
	4
	5
	6
	 

	
	2
	0.00
	0.00
	0.33
	0.33
	0.34
	0.00
	Bayelsa
	2
	0.50
	0.33
	0.00
	0.00
	0.17
	

	
	3
	0.00
	0.33
	0.00
	0.67
	0.00
	0.00
	
	3
	0.50
	0.25
	0.25
	0.00
	0.00
	

	
	4
	0.00
	0.08
	0.08
	0.53
	0.23
	0.08
	
	4
	0.13
	0.13
	0.25
	0.13
	0.36
	

	
	5
	0.17
	0.00
	0.00
	0.66
	0.00
	0.17
	
	5
	0.17
	0.00
	0.33
	0.33
	0.17
	

	
	6
	0.33
	0.00
	0.00
	0.00
	0.33
	0.34
	
	6
	0.00
	0.00
	0.80
	0.20
	0.00
	 



The probability of precipitation in state 1 (wet) transiting into state 5 (slightly dry) is 1.00 (Edo and Delta). In Akwa Ibom and Cross river, the chance probability remain 1.00 transiting from state 1 (wet) to state 2 (moderately wet) and state 7 (Dry) to state 4 (near normal) respectively. The transition probabilities of precipitation in any states transiting into state 1(wet) is very low as shown in Table 1. 

The five to seven possible states for precipitation pattern to occur in Akwa Ibom, Bayelsa, Edo, Rivers, Cross River and Delta are represented by the nodes (circles) in the diagram (Figure 4). The arrows show the possible transitions from one state to another, or sometimes from a state back to itself. The number next to each arrow gives the probability of that particular transition occurring next when the precipitation is in the state at the base of the arrow.
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Figure 4: Pictorial representation of the Markov Chain transition probabilities over study locations.
The transition diagram is a single weighted directed graph, where each vertex represents a state of the Markov chain and there is a directed edge from vertex j to vertex i if the transition probability Pij >0; this edge has the probability of Pij. States 1: Wet, 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry, 6: Moderately dry, occurred in Edo, Delta and Akwa Ibom; States 1: Wet, 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry in Rivers; States 1: Moderately wet, 2: Slightly wet, 3: Near normal, 4: Slightly dry, 5: Moderately dry in Bayelsa and lastly, States 1: Moderately wet, 2: Slightly wet, 3: Near normal, 4: Slightly dry, 5: Moderately dry, 6: Dry in Cross River (Figure 4). 

The loop from state 4 to state 4 has probability 0.53 for Akwa Ibom and 0.60 for Delta while the edge from state 3 to state 4 has probability 0.67 for Akwa Ibom and 0.60 for Delta. An edge sequence of length n is an ordered sequence of edges e1, e2, …, en, where ei and ei+1 are adjacent edges for all i = 1, 2,…, n-1 and the probability of an edge sequence equals a product of the probabilities of its edges. The loop from state 2 to state 2 has probability 0.29 for Cross River and the edge from state 1 to state 2 has probability 0.29 while the loop from state 1 to state 1 has probability 0.50 for Bayelsa and the edge from state 2 to state 1 has probability 0.50. Lastly, the loop from state 4 to state 4 has probability 0.34 and the edge from state 2 to state 4 has probability 0.67 for Edo (Figure 4).

The system keeps bouncing from one state to another state as presented by the simulated trajectories in Figure 5. It was observed that the system bounces from 1 to 5 or 6 and back indefinitely across all the South-South states in Nigeria. The unconditional probability vectors plot against step over study locations (Figure 6) depicts the various probabilities associated with the Markov Chain seven states (1: Wet, 2: Moderately wet, 3: Slightly wet, 4: Near normal, 5: Slightly dry, 6: Moderately dry and 7: Dry), albeit with some oscillation in the case of certain states.  In the case of Akwa Ibom, the probabilities associated with state 4 and 2 rises gradually and reaches 0.48 and 0.28 before step 10, whereas the other states all level off before 0.5 as presented in Figure 6(a) indicating that there is a 48% chance of precipitation amount been normal on any given year regardless of previous weather conditions. Also, there is a 33%, 38%, 33%, 35% and 38% chance of precipitation amount been normal in Bayelsa, Edo, Rivers, Cross river and Delta respectively regardless of any previous Markov chain states. Unconditional probability plays a crucial role in determining the stationary distribution of a Markov chain.
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Figure 5: Simulated trajectories of the Markov Chain
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Figure 6: Unconditional probability vectors plot against Step over study locations.


4. Conclusion

This research has revealed that precipitation amount varies yearly across study locations in the South-South region of Nigeria. Findings from this work shows major positive departure in Rivers state compared to other South-South states indicating extreme precipitation amount yearly. The transition probabilities of precipitation in any states transiting into state 1(wet) is very low across study locations. The seven-state Markov chain observed in this study depict that even though the South-South region experience heavy rainfall almost throughout the year because of its location in rain forest, the region still experience dry spell. Proper applications of the results from this work would help organizations, farmers and government in future planning and policy formulations because of its influence on agricultural activities and other aspects of human lives.
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Akwaibom	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	1582.74	1559.4399999999994	2518.570000000002	2360.5999999999985	2668.1400000000017	3084.5700000000043	2557.0899999999992	2251.4800000000014	1969.6899999999978	1628.4100000000012	3659.8900000000021	2841.5000000000014	2194.9200000000014	1991.5900000000004	2028.6899999999989	2076.5000000000009	2445.6200000000026	2966.28	1817.29	1869.6299999999992	2277.4900000000034	2313.0000000000018	2300.66	2282.7200000000007	1497.6499999999999	1984.079999999999	2389.9700000000012	2497.6	2139.530000000002	2133.1400000000012	2364.8000000000006	Bayelsa	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	1797.8000000000002	1985.5599999999995	3454.7500000000018	3050.4700000000021	3653.1800000000012	3694.3500000000008	3303.049999999997	3106.5100000000048	2216.1600000000021	1476.8199999999988	2835.5199999999995	1739.0899999999992	2286.1899999999996	2020.9299999999994	1737.6999999999996	1800.2599999999993	2184.09	3802.8500000000022	1548.0900000000001	2250.4400000000005	2358.3500000000008	2351.5800000000022	2117.54	2565.6400000000017	1279.9399999999996	2068.6299999999997	2312.6200000000026	3347.8300000000013	3491.8800000000024	3504.4200000000042	3854.4200000000033	Cross river	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	1792.6399999999996	1516.1599999999989	3057.9599999999973	2638.4800000000014	3269.2400000000007	3522.6500000000015	3230.4799999999996	2507.35	2297.6300000000019	2268.5200000000004	3227.3800000000033	3570.6100000000015	2521.8600000000033	2176.5100000000029	2788.550000000002	2730.0900000000029	3432.0200000000004	3918.1499999999996	2426.8100000000018	2507.6399999999994	2827.9399999999991	3134.8300000000022	3144.1499999999987	3055.0300000000011	2188.2600000000029	3059.9800000000023	3371.6600000000026	3301.6700000000014	2776.8900000000035	2387.4600000000009	3274.4600000000009	Rivers	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	1670.0899999999997	1766.5199999999988	3050.4900000000002	2717.4600000000023	3226.8199999999997	3383.1100000000042	3047.68	2661.3000000000011	2104.2200000000003	1548.2500000000009	2626.1300000000024	2077.94	2151.5500000000029	1919.3799999999994	1952.3800000000003	1889.9800000000014	2410.3000000000038	3501.0199999999986	1661.6699999999992	2162.9400000000046	2384.3900000000035	2418.320000000002	2238.9399999999991	2567.6499999999996	1400.2399999999982	2207.0200000000004	2476.64	3043.1500000000024	2875.340000000002	3012.1200000000026	3249.8700000000031	Edo	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	1280.9900000000002	1438.8799999999976	2115.1500000000005	2225.15	2437.4700000000034	2731.6200000000003	2243.9500000000003	2001.5300000000002	1577.9399999999996	961.94999999999959	3164.360000000001	1392.2599999999995	1974.6600000000017	1770.199999999998	1005.0299999999999	1263.0100000000002	1452.5499999999995	2646.4200000000014	1279.809999999999	1579.2299999999996	1860.9600000000003	1627.4699999999984	1602.5299999999988	1869.8400000000004	1060.9599999999998	1220.7799999999991	1995.24	2388.0800000000004	2233.1500000000019	2575.3900000000003	2188.5399999999995	Delta	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	1382.0999999999992	1507.4500000000003	2196.7899999999991	2339.9400000000019	2604.5100000000029	2913.7200000000003	2312.8199999999997	2215.6599999999971	1691.4699999999989	1083.1000000000006	3513.6399999999994	1471.1299999999992	2074.440000000001	1844.5999999999967	1088.9499999999996	1322.37	1490.7699999999993	2653.47	1299.5300000000011	1673.9200000000003	1864.5899999999997	1688.9199999999987	1637.8700000000001	1938.2499999999998	1088.6399999999992	1346.7399999999996	2118.2300000000014	2545.0500000000002	2431.740000000003	2643.6	2467.9199999999996	Year


Precipitation amount





AKWAIBOM	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-1.4603077712394916	-1.506540841208837	0.50721677698822953	0.19506468207200875	0.84247704015797364	1.7635824589398494	0.61338556083102591	-1.8960807695689565E-2	-0.59606368819603961	-1.3330921275795053	2.9845540872170506	1.3023198240203167	-0.16031955930384734	-0.58206549970284938	-0.4418567780657256	-0.53770151911441488	0.42017103221434421	1.4827930437444283	-0.98837573212494845	-0.87956303726600527	-2.5455209181279685E-3	5.7193490866306991E-2	0.11187218858003165	2.4078088850531396E-2	-1.6327204965598818	-0.51622162702008467	0.21856958681196662	0.46931368688058045	-0.20968317718208632	-0.31494073050646643	0.1883673655093358	Year


Precipitation Anomaly




BAYELSA	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-0.9785948744199805	-0.72512992698560363	1.1125738146494102	0.62362937317180978	1.4110550517405414	1.483676419556067	0.98812743243591417	0.73157055317219299	-0.39620011987711606	-1.3917234538308143	0.36091159003118234	-1.0201002235049081	-0.32902582206409697	-0.68487092448311548	-0.99461602972549568	-1.0786441605064927	-0.4692109018875103	1.6180185404654424	-1.3088385397632845	-0.41898156322325208	-0.27358647532667596	-0.28040694185743142	-0.52940283615339745	1.337171579773748E-2	-1.6342462610573336	-0.60202427671854886	-0.3455722442149628	0.96374328574225288	1.2243131216428693	1.1848685220969413	1.7453161550976664	Year


Precipitation Anomaly




RIVERS	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-0.29324608724729662	-0.11857132592790696	2.0586139172877962	1.5197955058031114	2.399831995760751	2.6881578601919944	2.1236239374316694	1.4477716919885864	0.50563907390093454	-0.50565747089068069	1.3603211049720423	0.45475872879864981	0.55191202028853004	0.14576406620321697	5.9158850058624646E-2	0.16441974041207127	1.0165194585942015	2.8877224303675102	-0.33771483060903335	0.5237253042510418	0.92487211799007363	0.97345282292709279	0.7361120778168494	1.2515644854638912	-0.75835953227947717	0.70575920432171246	1.0641283301968876	2.0439203675205526	1.824354491157427	1.9852497464832537	2.5319733659066768	Year


Precipitation Anomaly




CROSS RIVER	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-1.8914851711092096	-2.3875215921990676	0.35940284795680849	-0.34995019570484831	0.7540616743870614	1.2539172254944302	0.76110318833372337	-0.59589890805902668	-0.94270191811440152	-1.0228394341245954	0.68351209951707703	1.3755712748217452	-0.5750086883529556	-1.1783086456457077	-0.22625722304713794	-0.10530007214060179	1.1492823509073564	1.9250856703202208	-0.78297608944930186	-0.6471392480835837	-4.0006206460175033E-2	0.48918319052281334	0.59221840639534562	0.37707000951362146	-1.175100277322439	0.50902211720222101	0.93841204405851664	0.84125970509241565	-1.5068898502349896E-3	-0.84820994954010998	0.76110870468006131	Year


Precipitation Anomaly




EDO	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-1.2072824200905194	-0.93444785738199843	0.2577974353939535	0.48739468433375355	0.88006098379917919	1.3796326920432593	0.4947860162177406	9.9226856504474339E-2	-0.61244555568675352	-1.7653599956792512	2.2624956263692586	-0.94157600148243759	3.9149692537887734E-2	-0.32702754963773045	-1.2419741430681461	-1.7123241974917904	-0.89666367794768098	1.2781749749857074	-1.2179509740246295	-0.67210400261916492	-0.18208679190254215	-0.57701475010263603	-0.57459827026405219	-0.14817664033410013	-1.5841896024037605	-1.3057425723507325	4.0736103033923721E-2	0.73354500428599578	0.52087161197681653	1.1021657572718164	0.39449423237165387	Year


Precipitation Anomaly




DELTA	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	-0.95227041578854821	-0.74659132236145909	0.37549454211869776	0.63585355063279414	1.0973103028007902	1.5933419997588931	0.5799078442546014	0.45406399303092493	-0.37902644543802433	-1.437988897016214	2.6698399023105845	-0.74641140455007382	0.20683710669147673	-0.17968936095944615	-1.0555828101739249	-1.4518043124822633	-0.76603827800726065	1.2112778506610615	-1.0924133759263135	-0.47003033932081123	-0.16567316247444858	-0.43521607379265526	-0.4749760132717748	-1.6224563911132774E-2	-1.4233305158962986	-0.99389712463446245	0.2414711726997732	0.94001293057002266	0.81332032927850428	1.1357976148631121	0.83263527633388468	Year


Precipitation Anomaly
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