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Appropriate precipitation can play a crucial role in providing soil water
content in rainfed fig orchards. Meanwhile, one of the main problems in
most rainfed agriculture areas is the unavailability of rainfall data, which
satellite rainfall datasets can help to solve this problem. The area
investigated in this research is rainfed fig orchards of Estahban and the
rainfall data of the meteorological station located in the area was applied
for different periods of time. In this research, first, the relationship
between yield and distribution of precipitation values in different time
scales (monthly, seasonal and annual) was determined. Then the amount of
satellite-derived rainfall was found using the rainfall datasets (i.e.
CHIRPS, ERA5, ERA5-Land, GPM, PERSIANN and GSMaP) and based
on these values, the amount of effective rainfall was calculated using
different methods including USDA, ET-Rainfall, and Dependable Rain for
the time period range between 2005 and 2021. Results showed, the rainfall
in the months of April and then in May and November has had the greatest
effect on improving the yield of the crop. Additionally, it is recommended
supplemental irrigation events at the beginning of spring to provide higher
soil water content for fig orchards in drought conditions. Based on the
analyzed statistical criteria, it can be said that GPM was the most suitable
dataset and USDA was the best effective rainfall method among the
investigated methods in the area.
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Figure 1. Location of Estahban in Fars province (a) and its rainfed fig orchards (study area) (b)
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Table 1. Precipitation database table

Database Type Bands Resolution Temporal coverage
CHIRPS Reanalysis 1 5.5 km 1981 to present
GSMaP Unanalyzed 5 11.1 km 1998 to present
ERA5 Reanalysis 9 27.8 km 1940 to present
GPM Unanalyzed 5 11.1 km 2014 to present
ERAS5-Land Reanalysis 19 11.1 km 1950 to present
PERSIANN Reanalysis 1 27.8 km 1983 to present
PPl a .y

Adnan and ) »95 e a3l Ol wle copie 9 gylol (chyabp 3 %S g S50 )3l lgea S5e 5L
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sl e 5kl Cols 3 %
P % (125 — 0.2 * P) (¥ aas,
125 '
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Table 2. Rainfed fig yield (kg/ha) and monthly and annual rainfall (mm)

Year Oct  Nov  Dec Jan Feb Mar  Apr May Jun  Jul Aug Sep  Annual rainfall Yield

2005-2006 00 627 0.0 530 148 224 00 20 00 26 23 00 180.5 809.5
2006-2007 00 120 1062 298 989 409 569 520 00 00 13 00 409.7 809.5
2007-2008 30 214 142 421 2.0 0.0 68 10 00 00 00 07 78.5 3422
2008-2009 00 242 428 181 183 995 318 00 313 00 102 00 248.2 5115
2009-2010 00 0.0 0.0 4.0 63.1 64 232 26 00 26 00 12 103.1 5424
2010-2011 00 342 00 1078 879 44 124 00 00 06 128 00 260.1 409.5
2011-2012 14 495 171 468 1069 492 13 00 16 01 0 0.8 2747 528.7
2012-2013 01 473 00 434 38 223 689 83 00 04 272 01 2218 535.9
2013-2014 01 439 0.2 218 301 734 331 41 00 02 08 00 207.7 535.9
2014-2015 00 716 371 516 710 552 00 107 00 08 00 04 2984 446.4
2015-2016 00 142 00 46.8 05 329 112 14 00 16 00 00 108.6 402.6
2016-2017 00 7.3 0.6 294 2775 1262 12 20 00 00 00 00 444.2 855.6
2017-2018 103 246 85 4.9 40.8 48 231 88 00 00 00 15 127.3 663.9
2018-2019 04 118 938 102 375 1225 848 74 00 66 00 03 3753 935.1
2019-2020 00 227 429 1439 146 1060 591 16 00 51 04 04 396.7 938.2
2020-2021 00 12 174 0.1 224 93 123 05 00 727 02 00 136.1 7445

Average 09 264 344 502 582 477 274 60 03 55 52 03 2624 647.7
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Table 3. Number of rainy days per month for 16 consecutive years

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Rainydays
2005-2006 0O 4 0 3 4 4 0 2 0 1 1 0 19
2006-2007 O 1 6 6 9 5 5 3 0 0 2 0 37
2007-2008 2 7 4 9 2 0 5 1 0 1 0 3 34
2008-2009 1 6 6 6 8 10 10 0 4 0 5 0 56
2009-2010 O 0 0 3 7 3 5 3 0 1 0 1 23
2010-2011 O 5 0 9 11 2 3 0 0 1 4 0 35
2011-2012 2 6 5 5 6 4 2 0 1 1 0 3 35
2012-2013 1 7 0 6 2 4 6 3 0 1 5 1 36
2013-2014 1 4 1 5 4 10 2 2 0 1 1 0 31
2014-2015 0 4 7 6 8 10 0 3 0 1 0 1 40
2015-2016 O 5 0 3 1 6 3 1 0 3 0 0 22
2016-2017 O 3 2 6 10 10 1 3 0 0 0 0 35
2017-2018 2 5 4 1 7 3 7 2 0 0 0 1 32
2018-2019 1 4 5 3 8 8 9 6 0 2 0 1 47
2019-2020 O 4 6 12 3 9 8 2 0 3 1 1 49
2020-2021 O 1 3 1 4 3 2 1 0 5 1 0 21

Average 0.6 3.9 3.5 55 5.8 5.9 4.2 1.9 03 12 12 07 34.6
Table 4. Distribution of monthly rainfall index
Year Oct Nov Dec Jan Feb Mar Apr May  Jun Jul Aug Sep
2005-2006 0.0 64.6 0.0 29.1 10.2 15.2 0.0 21 0.0 21 19.6 0.0
2006-2007 0.0 31 183.6 32.7 152.8 34.8 68.1 80.4 0.0 0.0 221 0.0
2007-2008 10.2 38.6 1.6 69.3 0.7 0.0 8.2 05 0.0 0.0 0.0 3.0
2008-2009 0.0 37.4 74.0 19.9 25.2 169.2 76.2 0.0 42.6 0.0 43.4 0.0
2009-2010 0.0 0.0 0.0 2.2 75.8 3.3 27.8 4.0 0.0 2.1 0.0 1.7
2010-2011 0.0 44.0 0.0 177.3 166.0 15 8.9 0.0 0.0 0.5 43.5 0.0
2011-2012 4.8 76.5 24.6 42.8 110.1 335 0.6 0.0 5.4 0.1 0.0 34
2012-2013 0.2 85.3 0.0 47.6 13 15.2 99.0 12.8 0.0 0.3 115.6 0.1
2013-2014 0.2 45.2 0.1 19.9 20.7 124.8 15.9 4.2 0.0 0.2 0.7 0.0
2014-2015 0.0 73.8 74.8 56.6 97.5 93.8 0.0 16.5 0.0 0.6 0.0 0.6
2015-2016 0.0 18.3 0.0 25.7 0.1 33.6 8.0 0.7 0.0 3.9 0.0 0.0
2016-2017 0.0 5.6 0.3 32.2 476.5 214.5 0.3 3.1 0.0 0.0 0.0 0.0
2017-2018 35.0 317 9.8 0.9 49.0 24 38.7 9.1 0.0 0.0 0.0 2.1
2018-2019 0.7 12.2 135.1 5.6 51.5 166.6 182.7 229 0.0 10.7 0.0 0.4
2019-2020 0.0 234 74.2 315.7 75 162.2 113.2 1.6 0.0 12.4 0.3 0.6
2020-2021 0.0 0.3 15.0 0.0 15.4 4.7 5.9 0.3 0.0 294.3 0.2 0.0
Table 5. Seasonal and annual rainfall index for 16 years
Year Fall Winter Spring Summer Annual
2005-2006 48.5 321 12.2 18.9 99.0
2006-2007 23 334.1 162.3 9.6 4375
2007-2008 58.2 46.3 39 0.0 77.0
2008-2009 32.8 107.4 218.9 44.3 401.1
2009-2010 0.2 45.4 29.5 1.0 68.4
2010-2011 33.0 265.1 7.0 24.8 262.7
2011-2012 109.9 185.1 25.3 13 2775
2012-2013 82.6 25.6 107.8 61.2 230.5
2013-2014 425 35.3 129.0 0.7 185.8
2014-2015 69.5 227.1 71.4 0.3 344.5
2015-2016 13.7 12.8 37.9 18 69.0
2016-2017 4.2 374.9 151.0 0.0 448.72
2017-2018 56.3 44.1 36.7 0.0 117.57
2018-2019 14.5 153.3 411.5 4.9 509.11
2019-2020 22.3 286.5 263.9 8.1 561.04
2020-2021 0.2 21.6 11.1 161.6 82.49
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Figure 2. Relationship between fig yield (kg/ha) and annual rainfall index
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Figure 3. Relationship between fig yield (kg/ha) and annual rainfall index for all data
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Table 6. Statistical indicators related to Rainfall dataset for a period of time during 2010-2020

Rainfall dataset RMSE NRMSE R?
CHIRPS 2154 0.99 0.83
ERAS5 17.69 0.82 0.90
ERA5-Land 15.46 071 0.88
GPM 11.81 0.55 0.92
PERSIANN 18.64 0.94 0.78

GSMaP 28.27 1.42 0.48
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Table 7. The statistical criteria for different effective rainfall methods for a period of time during 2010-2020

USDA

Rainfall dataset RMSE NRMSE R? r

CHIRPS 14.69 0.80 0.83 0.91
ERA5 12.28 0.66 0.89 0.94
ERA5-Land 11.80 0.64 0.86 0.93
GPM 8.41 0.46 0.92 0.96
PERSIANN 14.50 0.78 0.76 0.87
GSMaP 20.60 1.11 0.56 0.75

ET Rainfall

Rainfall dataset RMSE NRMSE R? r

CHIRPS 21.54 0.99 0.84 0.91
ERA5 17.69 0.82 0.91 0.95
ERA5-Land 14.88 0.73 0.88 0.94
GPM 11.81 0.55 0.92 0.96
PERSIANN 19.63 0.91 0.78 0.89
GSMaP 29.45 1.36 0.48 0.70

Dependable

Rainfall dataset RMSE NRMSE R? r

CHIRPS 15.40 1.59 0.84 0.92
ERAS5 12.42 1.28 0.91 0.95
ERA5-Land 15.46 071 0.88 0.94
GPM 8.31 0.86 0.91 0.96
PERSIANN 14.68 151 0.78 0.88
GSMaP 20.39 2.10 0.35 0.59
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Figure 4. Comparison of effective rainfall with GPM data and using a) dependable b) ET-Rainfal and ¢) USDA
methods for a period of time during 2010-2020
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