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ABSTRACT

Aims: This study aimed to analyze rainfall variation in a semi-arid environment by examining the
annual precipitation over Nguru in Yobe, Nigeria for a period of 31 years (1975-2005).

Place and Duration of Study: The study was conducted in Nguru town, an arid environment in
Yobe State of Nigeria using rainfall data from Nguru meteorological station from 1975-2005.
Methods: Coefficient of variability (CV) was used to evaluate rainfall variability over time in the
area, and non-parametric Mann-Kendall and Sen’s slope estimator were used to determine rainfall
trend and its magnitude in the study area. The investigation was based on data collected over a 31-
year period at a single site.

Results: The result indicates that the coefficient of variation CV for the annual rainfall in Nguru
revealed a moderate inter annual variability (25%), whereas the CV for seasonal rainfall
demonstrates that rainfall in the May June July monsoon period is highly variable between seasons
(more than 40%). The CV for the August September October monsoon period, on the other hand,
was 31.6%, indicating a considerable and high variability in total rainfall received.

Conclusion: The main conclusion of this study is that rainfall is highly variable over the years,
posing a threat to climate change-induced drought and, as a result, affecting the socio-economic
well-being of the people in the area, who are mostly peasant farmers who rely solely on agricultural
activities for their livelihood.
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1. INTRODUCTION

Climate is a long-term average of a location's
meteorological conditions. It is the statistical
description of key parameters’ average and
variability over timescales ranging from months
to thousands or millions of years [1]. Rainfall,
atmospheric pressure, temperature, and humidity
are all factors that influence weather and climate.
Extreme weather and climatic events have
become more common in recent decades,
raising serious worries about climate change. It
has a negative impact on human activities, the
economy, and the environment [2]. Climate
variability is a difficult process that comprises the
shift between variability and climate change [3].
Various regions are experiencing climate
variability differently across the world, and
Nigeria is not exceptional. The intergovernmental
panel on climate change 5" assessment report
stated that global temperature will rise
continuously due to anthropogenic activities [1].
Therefore, this changing trend may likely
increase hydrological extremes such as drought
and flood.

Rainfall is a meteorological variable that has an
impact on almost all human activities. For
example, rainfall is a key determinant in
calculating or quantifying the amount of water
available to meet diverse demands such as
agricultural, industrial, home water supply, and
power generation. Rainfall availability or non-
availability is typically used to assess the level of
wetness or dryness during the growing season,
making rainfall the single most important element
of the climate system affecting any region's
agricultural and water resource management
[1,3].

The degree to which rainfall amount vary across
an area or through time is an important
characteristic of the climate of an area. This
subject area in meteorology/climatology is called
“rainfall variability”. There are two types of rainfall
variability, areal and temporal. The study of the
latter is important in understanding climate
change. Temporal variability is the variation of
rainfall amount at a given location across a time
interval (area does not vary). Temporal variability
of rainfall may be used both to characterize a
climate and to deduce evidence of climate
change [4]. Both temporal and areal variability of
rainfall may be measured in various ways. The
resulting numerical value can be used to
characterize the climate of a region in various
ways [4]. Therefore, coefficient of variation (CV)
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can be used to analyse annual rainfall variations
of Nguru station. The CV of annual climate is an
index of climatic risk, indicating a likelihood of
fluctuations in reservoir storage or crop Yyield
from year to year. Agriculturally it is, perhaps a
more crucial statistics in marginal areas [5].

On a temporal and spatial basis, rainfall in
Nigeria is very dynamic and changeable [6].
However, the recent occurrences of a dry spell in
Northern Nigeria have heightened public worry
that the region is experiencing a climate
transition toward aridity [7]. In Nigeria, rainfall is
seasonal, with a double maximum in the south
and a single maximum in the north. The northern
part has a savannah-like environment with wet
and dry seasons. The annual rainfall in this
region ranges from 1500 mm in the south to 400
mm in the north [8]. The rainy season in the
southern part lasts around 7 months (April to
October), but in the northern part it lasts only 3 to
4 months (Jun to September). Between July and
August, the rainfall intensity is extremely high. As
a result, even though the region is normally dry,
crops are regularly lost due to excessive rainfall
[9]. Therefore, studies of rainfall variation at the
local and regional level give the antidote in
battling the harmful impacts of droughts and crop
failure, allowing the huge agricultural potentials
and productivity in the Northern region to be
completely harnessed and optimized [10].

Long-term trends of environmental climatic
parameters must be assessed to understand the
impact of climate variability on the environment
[11]. Different methodologies were used to
examine trends in time series data for a variety of

societal issues, including socioeconomic,
medical, and environmental issues. Hydro-
climatic time series data are frequently

characterized by data that is not normally
distributed; in such time series, a non-parametric
method of determining trend is typically used
[11]. The non-parametric Mann-Kendall test,
which is based on rank, is often used to evaluate
the significance of trends in hydro-climatic time
series. In addition to the original Mann-Kendall
trend significance test, Sen provided a non-
parametric estimator for determining trend
magnitude [11].

In addition to the rainfall trend, it is critical to
assess the inter-annual variability of rainfall,
which has received little attention so far [12].
Inter-annual rainfall variability, in fact, is a
measure of year-to-year fluctuation in cumulative
rainfall occurrences that allows us to distinguish



between years with abundant rainfall and years
with little rainfall. The relative variability index
was first introduced to quantify inter-annual
rainfall variability, although the coefficient of
variation (CV) has recently gained popularity
[13].

The purpose of this work was to analyze rainfall
variation in a semi-arid environment by
examining the annual precipitation over Nguru in
Yobe, Nigeria using rainfall data from 1975 to
2005. Coefficient of variability (CV) was used to
evaluate rainfall variation over time in the area,
and trend investigation on the rainfall data was
carried out using non-parametric (Mann Kendalls
and Sen’s slope) tests.

2. MATERIALS AND METHODS

2.1 The Study Area

The study area (Fig. 1) is a low-agricultural-
potential marginal setting where smallholder rain-

fed agriculture and livestock husbandry are the
two main sources of income. For the years 1940

to 2005, the average annual rainfall and
temperature in the area were 552mm and
30.5°C, respectively. The Intertropical

Convergence Zone, which annually reaches its
maximum northerly location above Nigeria in July
or August and whose influence generates the
distinct wet and dry seasons characteristic of
Sub-Saharan West Africa, influences the climate
of the region [14]. Nguru town is located in the
north-eastern section of Nigeria, on latitude
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12°5245N and longitude 10°2709E, on a
floodplain of the Hadejia-Nguru marshes [11].

The rainy season begins in late May or early
June, peaks in August, and ends in late
September or early October. Low and irregular
rainfall is common in the area, and drought-
related harvest failure is common. Millet
(Pennisetum typhoides), sorghum (Sorghum
bicolor), maize (Zea mays), cowpea, beniseed,
and groundnuts are the main crops farmed
(Arachis hypogea) [15]. The value and amount of
labour invested in crop cultivation is usually
larger than the volume and value of the harvest
in most seasons. Furthermore, as a drought-
prone region, the past 40 years have seen
droughts of varying magnitude and intensity [15].
Smallholder farmers diversify their livelihoods to
maintain food security and overall well-being
under the tough conditions of farming in these
drought-prone areas. Men and women both play
important roles in the process of diversifying
livelihoods to contribute to household food
security [15].

2.2 Data

The study used monthly rainfall data collected
from the Nigerian Meteorological Agency
(NIMET) Nguru station for a period of thirty (31)
years, from 1975 to 2005. The data were quality
controlled and were examined for missing values
and typing errors. For the rainfall variability and
trend analysis, annual rainfall data were obtained
from the monthly rainfall data.
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Fig. 1. Study area map



2.3 Analysis of Rainfall Variation
2.3.1 Coefficient of Variation (CV)

The coefficient of variation (CV), defined as the
ratio of the standard deviation to the mean
rainfall in each period, was used to determine the
variability in  rainfall for  representative
meteorological station. It computes or measures
the deviation of individual data points from the
mean value. A higher CV value indicates
increased geographical variability, and vice
versa. CV is used to classify the degree of
variability as less (CV < 20%), moderate (20 <
CV < 30%), high (CV >30%), very high (CV >
40%) and CV > 70% indicate extremely high
inter-annual and seasonal variability of rainfall.

Coefficient of Variation Formula; CV= %

Where: ¢ = standard deviation y = mean

2.4 Rainfall Trend Analysis (Significance
of Trend)

2.4.1 Mann-kendall test

The Mann Kendall trend test was performed
using the XLSTAT programme in this
investigation. This test was performed to
determine whether the data sets had any trends.
The non-parametric Mann Kendall Trend Test
(equation 1) was used to investigate the temporal
variation trend of rainfall in the research area
from 1975 to 2005. The M-K test is a
nonparametric statistical test commonly used for
trend analysis in hydrological and climatological
data. This method is used to determine if the
variable has a monotonic trend over time (i.e., a
trend that is continuously falling and never
increasing or consistently growing and never
declining) [16].

An upward trend, according to this test, means
that the variable consistently climbs over time,
whereas a downward trend suggests that the
variable consistently decreases over time,
however the trend may or may not be linear.
Positive trend suggests an upward trend,
whereas negative trend value indicates a
downward trend. "The value of Z is used to
assess the presence of a statistically significant
trend" [17].

Mann—Kendall statistic (S) for a time series x1,
x2, X3..., and xn is calculated as,
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_ -1 .
S=ynr1 Z?=k+1 sign (xi —xk) ... (1)

Where S denotes the Mann-Kendal test
statistics; x; and x, (denote the time series
sequential data values in the years i and k (i > k);
and n denotes the time series' length. A negative
S value implies a falling trend in the data series,
while a positive value suggests an increasing
trend.

2.4.2 Sen's slope estimator test

Sen's estimate is a nonparametric method for
determining the magnitude of a trend in a time
series. Sen's nonparametric approach (equation
2) is used to establish the true slope of an
existing trend, such as the amount of change
every year. A positive Sen's slope indicates an
upward tendency in the time series, while a
negative value indicates a downward trend
[18].

The Sen's slope estimator predicts the
magnitude of the trend using the slope (Ti) of all
data pairs, which is calculated as follows:

Ti=2*Fori=1,2, ... N ...... )
j—k

Where, xj and xk (are data values at time j and k
(i > k), respectively.

3. RESULT S AND DISCUSSION

Rainfall variation analysis for Nguru met stations
in Yobe state was conducted using coefficient of
variability and Mann-Kendall trend test along with
the Sen’s slope estimator of time series data
from 1975 to 2005 based on mean annual and
seasonal basis. In Nigeria, rainfall is seasonal [8]
usually from May to October in the northern
region. The six months rainy season was
separated into two May-June-July (MJJ) and
August-September-October (ASO) Figs 4
and 5. The result of the analysis is presented
below:

Fig. 2 depict the variations in annual rainfall
during a 31-year period. Rainfall is the source of
all water on the earth's surface, so the more rain
that falls in each location, the more water is
available for home, agricultural, and industrial
use. The coefficient of variation was used to see
if the region's mean monthly rainfall levels were
the same in 1975, 1976, 1973..., and 2005, or if
they differed significantly.



3.1 Coefficient of variation (CV)

The coefficient of variation CV for the annual
rainfall in Nguru revealed a moderate inter
annual variability (25%), whereas the CV for
seasonal rainfall demonstrates that rainfall in the
MJJ monsoon period is highly variable between
seasons (more than 40%). The CV for the ASO
monsoon period, on the other hand, was 31.6%,
indicating a considerable and high variability in
total rainfall received (Table 2). The result is
similar with the findings of [19] which reported
low and moderate inter seasonal rainfall
variability in north-eastern Nigeria, with over 70%
of rainfall occurring between June and
September (Fig. 3). These findings indicate that
inter annual variability in rainfall distribution
affects agricultural operations in the study area,
which is completely reliant on rainfall. As a result,
even minor changes in the quantity and
distribution pattern of main season (summer)
rainfall may have a severe impact on crop
productivity. Table 1 shows the results of the
inter-annual rainfall variability analysis performed
through the CV.

3.2 Annual and Seasonal Rainfall

Analysis and Trend

Mann-trend Kendall's test was used to conduct a
statistical study of annual rainfall trend at 95%
confidence level. An increasing trend was
suggested by a positive value of Mann-Kendal's
test statistics (S) and Sen's slope at (P = < 0.05)
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significance level. The analysis from Mann-
Kendall Trend test have indicated the trend of
rainfall from 1975 to 2005 over Nguru station.
From Table 4, 5 and 6 the Kendall's tau values
were 0.011, -0.049, and 0.071 and the computed
P-value were 0.946, 0.708 and 0.587
respectively. These P-values were higher than
the significant level alpha equal to 0.05 thus,
indicating that there is no significant trend in both
annual and seasonal rainfall during the study
period (1975-2005) in the area. The result
corroborates the findings of [11] which revealed
that there is no significant trend of rainfall over
Nguru over the period of his study from 1976 to
2015.

3.3 Confidence Interval

The confidence interval value is usually used to
determine the slope value. As shown in Table 7
below, when the minimum interval value is
greater than maximum interval value, the slope
will be negative value and when the maximum
interval value is greater than the minimum value
the resulting slope will be positive value [20].
Thus, for the annual rainfall trend (Fig. 6) the
slope value is 0.300 (Table 7) indicating an
increasing trend. However, negative slope value
-0.550 (Table 8) was found during May-June-July
(MJJ) period (Fig. 7) over the station revealing a
decreasing trend, whereas the results for August-
September-October (ASO) period (Fig. 8) is
0.773 (Table 9) at 95% confidence level which
indicate an increasing trend.

Table 1. Coefficient of variation of annual rainfall

Coefficient of Variation Annual Rainfall

Station Mean Value CV% Standard Deviation Min Value Max Value
Nguru 409.2761 25.2% 103.088 204.000 605.800
Table 2. Coefficient of Variation of seasonal rainfall (MJJ)
Station Period CV% Standard Dev. Mean Value Min Value Max value
Nguru MJJ 41.1% 74.08756 180.368 53.200 393.800
Table 3. Coefficient of Variation of seasonal rainfall (ASO)
Station Period CV% Standard Dev. Mean Value Min Value Max value
Nguru ASO 31.6% 71.49772
Table 4. Annual rainfall variability and trend over Nguru
Station Parameter P-value Min Max Mean SD CcvVv S Kendall
Tau
Nguru Rainfall 0.946 204.00 605.80 409.27 103.08 0.25 5.00 0.011
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Table 5. Seasonal rainfall variability and trend over Nguru (MJJ)

Station Parameter P-value Min Max Mean SD CVv S Kendall
Tau
Nguru Rainfall 0.708 53.20 393.80 180.36 74.08 0.41 -23.00 -0.049

Table 6. Seasonal rainfall variability and trend over Nguru (ASO)

Station Parameter P-value Min Max Mean SD CVv S Kendall
Tau
Nguru Rainfall 0.587 86.90 373.60 22597 7149 031 33.000 0.071

Table 7. Slope and confidence interval of mann kendalls trend test for annual rainfall

Station Parameter Slope Confidence Level (95)
Nguru Rainfall 0.300 Minimum Maximum
-4.275 5.792
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Fig. 2. Annual rainfall distribution over Nguru
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Fig. 5. August-september-october rainfall distribution over the years

Table 8. Slope and Confidence Interval of Mann Kendalls Trend Test for MJJ Rainfall

Station Parameter Slope Confidence Level (95)
Nguru Rainfall -0.550 Minimum Maximum
-4.225 2.594

Table 9. Slope and Confidence Interval of Mann Kendalls Trend Test for ASO Rainfall

Station Parameter Slope Confidence Level (95)
Nguru Rainfall 0.773 Minimum Maximum
-2.113 4.350
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4. CONCLUSION

Climate change is widely regarded as one of the
most constraining elements for human activities.
As a result, it is vital to initiate and conduct
dynamic adaptation and mitigation efforts in
response to the effects of current and anticipated
climate change events as soon as possible. The
primary purpose of this research is to look at
rainfall variability over Nguru, a dry region in
northern Nigeria.

Rainfall patterns have changed, not only in terms
of annual amount but also in terms of other
characteristics. The findings revealed a drop in
rainfall, which will have a significant impact on
the ecosystem and a variety of human activities.
The interannual variability values in both annual
and seasonal rainfall were quite high, indicating a
growing scale of climate change in recent years.
The rainfall index showed that during the study
period, the good years, which received more
rainfall than the average, were less than the bad
years. Because the intensity of the rainfall was
relatively high, there was a reduced efficiency of
rainfall.

The main conclusion of this study is that rainfall
is highly variable over the years, posing a threat
to climate change-induced drought and, as a
result, affecting the socio-economic well-being of
the people in the area, who are mostly peasant
farmers who rely solely on agricultural activities
for their livelihood.

ACKNOWLEDGEMENT

The author wishes to express his gratitude for
the rainfall data provided by the Nigerian
Meteorological Agency (NIMET) Nguru office in
Yobe State, Nigeria.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES
1 IPCC. Impacts, Adaptation and
Vulnerability. In: Annex |, Parry, M.L.,

Canziani OF, Palutikof JP, van der Linden
PJ, Hanson C.E., Eds., Contribution of

Working Group Il to the Fourth
Assessment Report of the
Intergovernmental Panel on Climate

14

Sidi; IJECC, 12(10): 6-15, 2022; Article no.lJECC.86053

Change, Cambridge University Press,
Cambridge. 2007;976.

Wu H, Qian H. Innovative trend analysis of
annual and seasonal rainfall and extreme
values in Shaanxi, China, since the 1950s.
International Journal of Climatology.
2017;37(5):2582-2592.

Available: https://doi.org/10.1002/joc.4866
Sharma A, Sharma D, Panda SK.
Assessment of spatiotemporal trend of
precipitation indices and meteorological
drought characteristics in the Mahi River
basin, India. Journal of Hydrology. 2022;
605.
Available:https://doi.org/10.1016/j.jhydrol.2
021.127314

Anonymous. Rainfall Variability. Geo Sci;
2022.
Available:http://www.geosci.sfsu.edu/Geos
ciences/classes/e360/RainfallVariability/Ra
infallVariability.htm Accessed on 5/03/2022
Anonymous. Coefficient of variation of
annual precipitation. UWC; 2001.
Available:https://planet.uwc.ac.za/nisl/Inva
sives/Assignments/GARP/atlas/atlas_36t.h
tm accessed on 3/03/2022

Usman M, Nichol JE, Ibrahim AT, Buba LF.
A spatio-temporal analysis of trends in
rainfall from long term satellite rainfall
products in the Sudano Sahelian zone of
Nigeria. Agricultural and Forest
Meteorology. 2018;260-261,273-286.
Available:https://doi.org/10.1016/j.agrforme
t.2018.06.016

Ideki O, Weli VE. Analysis of Rainfall
Variability Using Remote Sensing and GIS
in North Central Nigeria. Atmospheric and
Climate Sciences. 2019;09(02):191-201.
Available:https://doi.org/10.4236/acs.2019.
92013

Hassan AG, Fullen MA, Oloke D. Problems
of drought and its management in Yobe
State, Nigeria. Weather and Climate
Extremes. 2019;23:100192.
Available:https://doi.org/10.1016/j.wace.20
19.100192

Friday Ati O, Olasehinde Afolayan J, Ati O,
Stigter C, Iguisi E, Afolayan J. Profile of
rainfall change and variability in the
Northern Nigeria Profile of Rainfall Change
and Variability in the Northern Nigeria,
1953-2002. Research Journal of
Environmental and Earth Sciences. 2009:
1(2):58-63.
Available:https://www.researchgate.net/pu
blication/263580278


https://doi.org/10.1002/joc.4866
https://doi.org/10.1016/j.jhydrol.2021.127314
https://doi.org/10.1016/j.jhydrol.2021.127314
http://www.geosci.sfsu.edu/Geosciences/classes/e360/RainfallVariability/RainfallVariability.htm%20%20%20Accessed%20on%205/03/2022
http://www.geosci.sfsu.edu/Geosciences/classes/e360/RainfallVariability/RainfallVariability.htm%20%20%20Accessed%20on%205/03/2022
http://www.geosci.sfsu.edu/Geosciences/classes/e360/RainfallVariability/RainfallVariability.htm%20%20%20Accessed%20on%205/03/2022
https://planet.uwc.ac.za/nisl/Invasives/Assignments/GARP/atlas/atlas_36t.htm
https://planet.uwc.ac.za/nisl/Invasives/Assignments/GARP/atlas/atlas_36t.htm
https://planet.uwc.ac.za/nisl/Invasives/Assignments/GARP/atlas/atlas_36t.htm
https://doi.org/10.1016/j.agrformet.2018.06.016
https://doi.org/10.1016/j.agrformet.2018.06.016
https://doi.org/10.4236/acs.2019.92013
https://doi.org/10.4236/acs.2019.92013
https://doi.org/10.1016/j.wace.2019.100192
https://doi.org/10.1016/j.wace.2019.100192
https://www.researchgate.net/publication/263580278
https://www.researchgate.net/publication/263580278

10

11

12

13

14

15

Sivakumar MVK. Empirical Analysis of Dry
Spells for Agricultural Applications in SSA
Africa. Journal of Climate. 1991;5.
Abdullahi NI, Adie DB, Ajibike MA, Ismalil
A. Trends Analysis of Temperature and
Rainfall over Nguru, a Floodplain of
Hadejia-Nguru Wetlands, Nigeria. Journal
of Water Resource Engineering and
Management. 2017;4(3):2349-4336.
Longobardi A, Boulariah O. Preliminary
long term changes in inter—annual
precipitation variability in a Mediterranean
region. In Managing Water Resources for a
Sustainable Future; Garrote L, Tsakiris G,
Tsihrintzis V, Vangelis H, Tigkas D, Eds.;
EWRA Editorial Office: Athens, Greece.
2019;461-462.

Conrad V. The variability of precipitation.
Monthly. Weather Review. 1941;69:5
-11.

Hess TM. The impact of climate variability
over the period 1961-1990 on the soil
water balance of upland soils in the north
east arid zone of Nigeria. PhD Thesis;
1999.
Available:https://dspace.lib.cranfield.ac.uk/

handle/1826/2723 Accessed on
15/08/2021
Yila JO, Resurreccion, B. P. Gender

perspectives on agricultural adaptation to
climate change in drought-prone Nguru
Local Government Area in the semiarid
zone of northeastern Nigeria. International

16

17

18

19

20

Sidi; IJECC, 12(10): 6-15, 2022; Article no.lJECC.86053

Journal of Climate Change Strategies and
Management. 2014;6(3):250-271.
Available:https://doi.org/10.1108/IJCCSM-
12-2012-0068

Jain SK, Kumar V, Saharia M. Analysis of
rainfall and temperature trends in northeast
India. International Journal of Climatology.
2013;33(4):968-978.
Available:https://doi.org/10.1002/joc.3483
Longobardi A, Villani P. Trend analysis of
annual and seasonal rainfall time series in
the Mediterranean area. Int. J. Climatol.
2010;30:1538-1546.

Norbu S, Bdr Basnet J. Seasonal rainfall
trend and annual rainfall variability analysis
for selected Meteorological stations in
Bhutan. Social Science Research Network.
2022;1556-5068.
Available:https://ssrn.com/abstract=402729
5

Bibi UM, Kaduk J, Balzter H. Spatial-
temporal variation and prediction of rainfall
in Northeastern Nigeria. Climate.
2014;2(3):206—222.
Available:https://doi.org/10.3390/cli203020
6

Nur Hishaam Sulaiman NH, Mohd KAK,
Ahmad DM, Muhammad AA, Fazureen A,
Ismail ZA, Norsyuhada H. Trend Analysis
of Pahang River Using Non-Parametric
Analysis: Mann Kendal’'s Trend Test.
Malaysian Journal of Analytical Sciences.
2015;19(6):1327-1334.

© 2022 Sidi; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle5.com/review-history/86053

15


https://dspace.lib.cranfield.ac.uk/handle/1826/2723%20%20Accessed%20on%2015/08/2021
https://dspace.lib.cranfield.ac.uk/handle/1826/2723%20%20Accessed%20on%2015/08/2021
https://dspace.lib.cranfield.ac.uk/handle/1826/2723%20%20Accessed%20on%2015/08/2021
https://doi.org/10.1108/IJCCSM-12-2012-0068
https://doi.org/10.1108/IJCCSM-12-2012-0068
https://doi.org/10.1002/joc.3483
https://ssrn.com/abstract=4027295
https://ssrn.com/abstract=4027295
https://doi.org/10.3390/cli2030206
https://doi.org/10.3390/cli2030206
http://creativecommons.org/licenses/by/2.0

