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CHAPTER 1  WATER USE AND DEMAND FOR AGRICULTURE

1.1 Irrigated Crops and Acreage

Irrigated area of crops has been surveyed in many sources as mentioned in Chapter 2.  In this
study, irrigation inventory survey has been carried out.  Estimated irrigation of several source
areas is summarized for several sources as shown in the table below.

Comparison of Present Irrigation Area Estimation
Irrigation Estimation Irri. Paddy Rice Vegetables Sugarcane Banana Pineapple Total Remarks

(ha) (ha) (ha) (ha) (ha) (ha)
Irrigation Inventory 7,147 460 11,400 4,016 117 23,140 Table 7.2-1
Cropped Area (1995) 22,000 27,000 21,310 5,600 15,500 91,410 Table 2.4-3
Irrigated Area 22,000 27,000 21,310 5,600 3,500 79,410 Table 2.4-5
Irrigation Ratio 100% 100% 100% 100% 22.6% 86.9%

As shown in above table, it is understood that the irrigation inventory survey does not cover the
whole area of irrigation because its estimation area is much less than other estimations.
Integrating whole information, followings are able to be concluded in estimation of irrigation area.

(a) Irrigated paddy area of 7,147 ha can be considered to be the area of double cropping
paddy rice, so that crop intensity of paddy rice can be considered to be 1.32. (1 +
7,147/22,000)

(b) Irrigation area of sugarcane is to be 21,310 ha, not 11,400 ha.

(c) Pineapple is irrigated only for 22.6% of total area of pineapple.

1.2 Premises of Irrigation Water Use

For estimating irrigation water, there are many premises on irrigation.  Premises on irrigation are
as follows:

(A) Climatic Zones, and Rainfall and Evapotranspiration (ETo)

Cote d�Ivoire is divided into four (4) climatic zones, namely Sundanese, Baoule,
Mountainous and Attie Climatic Zones as mentioned in Section 5.1 in Chapter 5.  In
order to estimate irrigation demand in river basin-wise, climatic zone boundary has been
arranged as shown in Figure 7.2-1.  Same evapotranspiration and rainfall have been
applied in same climatic zones for estimation of irrigation water as shown in Table 7.2-2.

(B) Water Use Safety Factor

Water use safety factor for agriculture will be against to the drought year for 1/5years,
taking stabilization of crop production and economical investment into consideration.
This safety factor is commonly applied to the agricultural projects in Cote d�Ivoire.
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In order to ensure water use safety in the drought years, 1/5 year probable dry year
rainfall has been applied for estimating water demand in the drought year.  Probable 1/5
year rainfalls are shown in Table 7.2-2.

(C) Proposed Cropping Calendar of Irrigated Crops

Proposed irrigated crops are paddy rice (double or single cropping), vegetables (tomato �
lettuce), sugarcane, banana and pineapples. Their cropping calendar are shown in Figure
7.2-2.

(D) Crop Consumptive Use (U) and Crop coefficient (K)

Crop consumptive use (U), that is necessary water for crop growth, is estimated based
upon the evapotranspiration (ETo) and the crop coefficient (K) in each climatic zone.

Consumptive Use (U) = Evapotranspiration (ETo) x Crop Coefficient (K)

(Note) Crop coefficients are shown in Table 7.2-3.

(E) Land Preparation Water and Seepage Water for Paddy Rice

Land preparation water and seepage water have been considered only for paddy rice
because it needs standing water to grow.  As a standard of the country, following water
has been considered:

Land preparation water :150 mm for paddling
Seepage water:   5 mm/day

(F) Effective rainfall (Re)

Effective rainfall is a part of rainfall that is used by crops effectively for their growth.
There are many methods for estimation of effective rainfall.  In this study, USBR
(United State Bureau of Reclamation) method, that is commonly used in Cote d�Ivoire, is
applied.  Table 7.2-4 shows the effective rainfall corresponding to the given monthly
rainfall.
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(G) Irrigation efficiency (E)

Irrigation efficiency is estimated at 65% for all irrigated crops as below:

Irrigation Efficiency applied in this Study
Crops Irrigation Method Conveyance

Efficiency
(Ec)

Application
Efficiency

(Ea)

Overall
Efficiency

(Eo)
Paddy Rice Conveyance System: Open Canal

Irrigation Method: Basin Irrigation
(Farmers� Level)

Main = 90%
Secondary=90%

81%
80% 65%

Vegetables Conveyance System: Bucket
Irrigation Method: Bucket

(Farmers� Level)
90% 70% 65%

Sugarcane
Banana
Pineapples

Conveyance System: Pipeline
Irrigation Method: Overhead (Sprinkler, Rain-

gun, Center-pivot etc.)
(Company Level)

90% 70% 65%

(Note) Irrigation efficiencies are decided based on irrigation condition in Cote d�Ivoire taking criteria of FAO Paper
No 24 into considerations.

(H) Conversion of Department-wise Data to River Basin-wise

Agricultural data are generally compiled in the department-wise so that those data are
necessary to be converted into river basin-wise.  Conversion has been carried out based
on area ratio of departments in each river basin.  Area ratio is explained in Chapter 11
GIS.
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Figure 11.2-2  Proposed Cropping Calendar of Irrigated Crops and Fishpond

Table 11.2-1  Summary of Irrigation Inventory Survey

Region Paddy Rice Vegetables Sugarcane Banana Pineapple Other Crops Total
Nos. Area (ha) Nos. Area (ha) Nos. Area (ha) Nos. Area (ha) Nos. Area (ha) Nos. Area (ha) Nos. Area (ha)

1 Agneby 1 33 2 212 37 2,763 4 117 10 fruits 54 3,125
2 Bas Sassandra 3 270 3 270
3 Denguele 0 0
4 Haut-Sassandra 3 203 3 203
5 Lacs 32 2,349 1 48 33 2,397
6 Lagunes 12 1,253 2 papaya 14 1,253
7 Marahoue 1 3,400 1 3,400
8 Montagnes 0 0
9 Moyen-Comoe 1 27 3 125 1 coffee 5 152

10 N'zi-Comoe 3 205 1 45 4 250
11 Savanes 16 3,055 1 8,000 17 11,055
12 Sud Bandama 0 0
13 Sud Comoe 0 0
14 Vallee du Bandama 10 975 10 975
15 Worodougou 1 30 1 30
16 Zanzan 1 30 1 30

Total 70 7,147 8 460 2 11,400 49 4,016 4 117 13 0 146 23,140
(Source)  Compiled from the Irrigation Inventory Survey 1999 by JICA Study Team.

Crops Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Double Crop Paddy Rice

Single Crop Paddy Rice

Vegetables

Sugarcane

Banana

Pineapple

Fishpond

Tomato Lettuce

HarvestingHarvesting

Harvesting

Harvesting
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Table 11.2-2  Rainfall and Evapotranspiration in Each Climatic Zone

Table 11.2-3  Crop Coefficients of Proposed Irrigated Crops
Crops

Duration
(days)

Crop
Coefficient (K)

Duration
(days)

Crop
Coefficient (K)

Duration
(days)

Crop
Coefficient (K)

Initial Stage 20 1.15 30 0.7 15 0.75
Development Stage 30 1.15 - 1.20 40 0.70 - 1.10 25 0.75 - 1.10
Mid Stage 40 1.20 45 1.1 35 1.10
Late Stage 30 1.00 30 0.6 15 0.95
Total 120 (FAO No.46) 145 (FAO No.46) 90 (FAO No.46)

Month

Sugarcane Banana Pineapple (*)
Jan 0.55 1.00 0.80
Feb 0.80 0.80 0.80
Mar 0.90 0.75 0.80
Apr 1.00 0.70 0.80
May 1.05 0.70 0.80
Jun 1.05 0.75 0.80
Jul 1.05 0.90 0.80
Aug 1.05 1.05 0.80
Sep 1.05 1.05 0.80
Oct 1.05 1.05 0.80
Nov 0.80 1.00 0.80
Dec 0.60 1.00 0.80
(Source)  FAO Irrigation and Drainage Paper No.24 and No.46
(Note) *: assumed taking bareness of farmland and height of plants.

Crop Coefficient (K)   (FAO No.24)

Paddy Rice Tomato Vegetables (Lettuce)

Industrial Crops

Climatic Zone Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Sundanese 

Rainfall (mm)
Average Year 3.4 11.9 42.4 83.9 117.4 137.1 194.0 236.0 182.7 95.2 18.8 5.2 1,128.0
Year 1983 0.0 14.9 1.1 74.8 63.2 130.7 142.3 164.9 149.4 23.2 17.7 10.1 792.3
1/5 Year 0.0 18.2 1.3 91.5 77.3 159.9 174.1 201.7 182.8 28.4 21.7 12.4 969.3 *1

Evapotranspitation (Korhogo)
Evaporation (pan-A) 175 192 210 174 162 135 118 136 136 144 174 201 1,957 *4
Evapotranspiration 140 154 168 139 130 108 94 109 109 115 139 161 1,566 *2

Baoule
Rainfall (mm)

Average Year 8.3 40.0 91.8 122.0 140.2 136.6 119.4 131.0 150.3 111.0 32.3 13.6 1,096.5
Year 1983 0.0 24.1 29.1 111.5 211.5 129.1 27.4 27.6 105.4 28.0 36.5 36.5 766.7
1/5 Year 0.0 29.2 35.3 135.2 256.4 156.5 33.2 33.5 127.8 33.9 44.3 44.3 929.6 *1

Evapotranspitation (Dimbokro)*5
Penman-Monteith 118 120 133 132 127 108 96 96 102 115 111 102 1,360 *3

Mountainous
Rainfall (mm)

Average Year 6.8 34.5 93.1 129.2 156.2 157.6 191.0 282.4 240.9 119.6 26.2 12.1 1,449.6
Year 1983 0.0 64.4 33.5 121.2 102.5 140.9 78.4 205.7 278.2 88.6 21.5 3.1 1,138.0
1/5 Year 0.0 72.3 37.6 136.1 115.1 158.2 88.0 230.9 312.3 99.5 24.1 3.5 1,277.6 *1

Evapotranspitation (Dimbokro)*5
Penman-Monteith 118 120 133 132 127 108 96 96 102 115 111 102 1,360 *3

Attie
Rainfall (mm)

Average Year 19.4 47.8 108.5 138.5 223.7 282.5 133.9 109.9 149.6 160.1 99.6 47.7 1,521.2
Year 1983 0.1 24.9 67.8 96.3 347.4 284.3 39.8 38.3 85.4 74.3 87.5 83.6 1,229.7
1/5 Year 0.1 26.1 71.2 101.1 364.8 298.5 41.8 40.2 89.7 78 91.9 87.8 1,291.2 *1

Evapotranspitation (San Pedro)*6
Penman-Monteith 112 109 127 123 115 90 96 90 93 112 108 102 1,277 *3

(Note)
*1) Table 5.1-1 ( Monthly rainfalls os 1/5Year are same proportion of 1983 Year rainfall.)
*2)  Evapotranspiration = 0.80 x Evaporaation
*3)  Evapotranspiration = computed based on meteorological data by Penman-Monteith Method. (FAO Irrigation and Drainage Paper 46)
(Source)
*4)  Technical and Economic Feasibility Study of Bagoue Vally Rural Integrated Development Project. BADEA Nov. 1998 
*5)  Meteorological Data (Study of the Integrated Rural Development Project in the N'Zi Middle Vally, Aug. 1995, JICA)
       Evapotranspiration of Dimbokro has been applied to Mountainous Climatic Zone due to no preferable data in this region.
*6)  Meteorological Data (Study for the Integrated Rural Development Project in the San-Pedro Plain, Aug. 1999, JICA)

Annual
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Table 11.2-4  Effective Rainfall by USBR Method

1.3 Premises of Livestock Water Use

Following premises have been set for estimating livestock water use:

(A) Livestock Unit and Acceptable Grazing Capacity

In Cote d�Ivoire, following livestock unit is applied for estimating reasonable grazing
area of livestock.  One livestock unit is one cattle having a weight of 250 kg, and it is
equivalent to 5 small ruminants (sheep and goat), or 5 pigs.  Acceptable grazing capacity
of grassland is one (1) livestock unit per one (1) hectare in Cote d�Ivoire.  Those criteria
are applied in DPE, MINAGRA.

One (1) livestock unit = one cattle (250 kg) = 5 small ruminants (sheep or goats) or 5 pigs
Acceptable grazing capacity of grassland = one (1) livestock unit/ha

(DPE, MINAGA)

0.0 - 25.4 0 - 25.4
25.4 - 50.8 25.4 - 49.5
50.8 - 76.2 49.5 - 72.4
76.2 - 101.6 72.4 - 92.7

101.6 - 127.0 92.7 - 107.9
127.0 - 152.4 107.9 - 118.1
152.4 - 177.8 118.1 - 120.6
177.8 - 120.6 - 120.6

(Source)  FAO Irrigation and Drainage Paper No.25  "Effective Rainfall"

Range of Monthly Rainfall (mm) Accumulated Effective Rainfall (mm)

Effective Rainfall by USBR Method
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(B) Unit Water Demand of Livestock

Water demand of livestock is mainly composed of drinking water because most livestock
not only cattle but small ruminants and pigs are grazed in the grassland and field.
Modern pigs are only raised in cages and cages are washed periodically.  Washing water
will be counted only for modern pigs, which are about 15% of total pigs in average.
Table 7.2-5 shows unit water demand of livestock.

Table 11.2-5  Unit Water Demand of Livestock

Pig PoultryLivestock Cattle Small Ruminant
Sheep & Goat Traditional Modern

Unit Water Demand
(lit/day/head)

25 5 5 20 0.1

Comosition 85% 15%
Integrated Demand
(lit/day/head)

25 5 7.25 0.1

Annual Demand
(m3/head/yr)

9.025 1.825 2.646 0.0365

(Source)  DPE, MINAGRA

(C) Trans-border Grazing

In dry season, many herds of cattle are grazed into the northern area from Mali and
Burkina Faso beyond the border.  Cattle population is estimated to increase to 1.4 times
in dry season in the northern area.  It is, therefore, necessary to increase water demand in
dry season in the northern area.  Water demand is assumed to increase 1.20 times of unit
demand or 30 lit/head/day.  Increase of water demand will be counted in the Sundanese
Climatic Zone which is located in the northern area.

25 lit/head/day x (1 wet season + 1.4 x 1 dry season)/2 = 25 lit/head/day x 1.20 = 30 lit/head/day

1.4 Premises on Aquacultural Water Use

Most premises of irrigation water use will be applied to aquacultural water use.  Different
premises form irrigation water use are explained below.

(A) Water Depth of Fishpond and Seepage Loss

In fishpond, standing water will be kept at 1.0 m depth through the period of fish growth.
Water will be lost by seepage and evaporation.  Seepage loss will be 5 mm/day, that is
same as seepage loss in paddy field.  Fish will be managed in water use as shown in
Figure 7.2-2, and harvested twice a year.

(B) Effective rainfall (Re)

Aquacultural field has an enough large capacity to receive rainfall so that 100% of rainfall will be
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utilized effectively
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