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Executive Summary
The Zambezi River Basin (ZRB) is among the key water resources of Southern Africa. It

sustains the socio-economic livelihoods of a rapidly growing population of over 40
million people. This rapid population growth is coupled with other pressures such as
climate change and variability. The water resources of the ZRB are therefore increasingly
being stressed due to concerted efforts by the riparian to carter for the needs of the large
population against the pressures. lrrigation expansion is an alternative water using
activity that is likely to result in additional pressure to the ZRB’s water resources.
Presently, the ZRB has an estimated total irrigation potential of over 30 thousand km?, of
which only 5% is being utilized. This study was aimed at evaluating the irrigation
potential of some of the key sub-basins in the ZRB, against crop water requirements
(CWR). The study applied CropWat 8.0 program by FAO with climate and rainfall data
files obtained from CLIMWAT, the FAO’s climate database. Three stations in each of four
riparian countries were selected namely: Makhanga, Ngabu and Thyolo in Malawi;
Mutarara, Caia and Mopeta in Mozambique; Kasempa, Kwekwe and Kaoma in Zambia;
and Gweru, Kabwe, and Maranella in Zimbabwe. Major crops considered were maize,
rice, wheat and sugarcane. Based on the modelled results, CWR for the same crop are
different, largely influenced by the climatic input. The study found that although there
are eight riparian countries in the Zambezi River Basin, their potential contribution in
terms of irrigated agriculture is different; with Mozambique, Zambia, Zimbabwe and

Malawi being among the countries with a significantly large potential for irrigation.

Keywords: Irrigation potential, Crop water requirements, Cropwat, Climwat, Zambezi

River Basin.
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The views expressed in this report are those of the researchers at the University of
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1.0. Introduction

Water is ban economic good and a limited resource (Hoekstra & Hung, 2005); as such,
its consumptive use has to be within adequate limits for its sustainability. Irrigation water
is among the consumptive water uses that require critical assessments epically in critical
basins. Water resources in key river basins of sub-Saharan Africa are expected to be highly
stressed by 2020, as they have to cope with increasing irrigation demands for food
production (FAO, 1995). The Zambezi River Basin (ZRB) in Southern Africa (Fig 1) and
the 8 riparian countries therein (Angola, Botswana, Malawi, Mozambique, Namibia,
Tanzania, Zambia and Zimbabwe), will not be spared, as its population rapidly grows
amidst considerable water and related socioeconomic infrastructural developments. The
total catchment area of the ZRB is 1.39 million km2 (139 million hectares) and the
proportionate areas for the countries that contribute to the Zambezi River Basin and the
average annual rainfall for each sub basin are as shown in Table 1. The biggest
proportion of the basin lies within Zambia (42.5%), followed by Angola (17.4%),
Zimbabwe (15.8%), Mozambique (12%), Malawi (8%), Tanzania (2.1%), Namibia
(1.3%) and Botswana (0.9%) in that sequence.

Table 1: Countries within the Zambezi Basin, their proportional area and
rainfall

Country area Area within the Proportionto  Proportionto  Average annual rainfall in
(km?) basin (km?) the basin (%) the country (%) the basin area (mm)

min. max. mean
Angola 1,246,700 235,423 17.4 18.9 550 1475 1050
Namibia 824,900 17,426 1.3 2.1 545 690 630
Botswana 581,730 12,401 0.9 2.1 555 665 595
Zimbabwe 390,760 213,036 15.8 54.5 525 1590 710
Zambia 752,610 574,875 42.5 76.4 600 1435 955
Tanzania 945,090 27,840 2.1 2.9 1015 1785 1240
Malawi 118,480 108,360 8 91.5 745 2220 990
Mozambique 801,590 162,004 12 20.2 555 1790 905
Zambezi basin 1,351,365 100 535 2220 930

The ZRB has an estimated total irrigation potential of over 30 thousand km? (3 million
hectares) according to (Tilmant et al., 2010), of which only 5% was already developed
as of 2010. The same authors argue that hydropower is the ZRBs major commercial use
of water, with an installed total capacity of 4,500 MW mainly in Zambia, Zimbabwe and

Mozambique. Although hydropower is not a consumptive water use, the reservoirs



constructed have altered natural downstream water flows, thereby affecting aquatic life.

In addition, these reservoirs increase the area exposed to open water evaporation.
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Figure 1. Map of the Zambezi basin and Major Rivers

1.1 Study Aims and Deliverable
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This study presents findings on the assessment of the irrigation potential of the Zambezi

River Basin (ZRB) in Southern Africa. The study analyzed various kinds of data to assess

crops water demand, productivity and potential impact of irrigation expansion and

scenario-based management practices. The deliverable is a report on irrigation potential

of the ZRB.



2.0 Study Approach

Irrigation water has to be applied just enough to fill-up the root zone, and replenish the
water lost through evapotranspiration and satisfy the specific water demands (SWD).
SWD is dependent upon the type and stage of crop, soil type and climatic conditions,
which cumulatively define the crop water requirements (CWR). Crop water requirements
(m3 ha') can be calculated from the accumulated crop evapotranspiration (ETc) in mm
day' over its complete growing period (Allen et al., 1998). This report applied CWR
scenarios for the Zambezi River Basin using the CropWat 8.0 program by FAO with
climate and rainfall data files obtained from CLIMWAT.

CropWat program employs the FAO Penman-Monteith method (FAO 56 PM; Allen et
al., 1998) for the calculation of crop water requirement and irrigation demand. The
method is given as:

900
0.408A(R, - G) +¥ (77573 t=(e. — €,)
ET, =
¢ A4+ y(1+034u,)

where ET, is the reference evapotranspiration (mm day~'), in this case the daily crop
water requirement; R, is the net radiation at the crop surface (MJm-2day-'), and Allen et
al (1998) outline the estimation procedures; G is the soil heat-flux density (MJm-2day~'),
normally assumed zero for daily calculations; T is the mean daily air temperature (°C) at
a height of 2 m; u, is the wind speed at a height of 2 m (ms~'); e, is the saturation vapor
pressure (kPa); e, is the actual vapor pressure (kPa), which is based on relative humidity
measurements; (e;—e,) is the saturation vapor pressure deficit (VPD) (kPa); A is the slope
of the vapor pressure curve (kPa °C—1); and vy is the psychrometric constant (kPa °C-7).

Allen et al. (1990) presents procedures for the estimation of the rest of the variables.

The CropWat program also permits the development of irrigation schedules for different
crops under varying cropping patterns. In addition, the program can be used to evaluate
farmers’ irrigation practices and to estimate crop performance under both rainfed and
irrigated conditions (Abdulla et al., 2015). The development of irrigation schedules is

based on a daily soil-water balance using various user-defined options for water supply
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and irrigation management conditions. The scenarios in this study were evaluated for the
major sub basins of the Zambezi Basin. The Zambezi river basin is the fourth-largest in
Africa, after the Congo/Zaire, Nile and Niger basins (Tilmant et al., 2010). The river
originates from the Kalene hills in north-western Zambia and flows to the Indian Ocean

through Angola, Namibia, Botswana, Zimbabwe and Mozambique.

3.0 Irrigation Potential
The Zambezi River Basin has significant potential for both energy and agricultural

production that is not being fully exploited (Spalding-fecher et al., 2014). It is not the
entire potential irrigable area within the basin however that is fully utilised for such,
largely due to the rugged and very steep terrain in many parts. The World Bank (2010)
estimates on the total irrigation potential (ha) and area under current irrigation utilisation

(ha) is as shown in Table 2.

Table 2: Irrigation potential and area under irrigation within the basin

Country Irrigation potential (ha) Area under irrigation (ha)
Angola 700000 6125

Namibia 11000 140

Botswana 1080 0

Zimbabwe 165400 108717

Zambia 422000 74661

Tanzania 100000 23140

Malawi 160900 37820

Mozambique 1700000 20000

Sum for the countries 3260380 270603

Source: (World Bank, 2010)

3.1 Major crops grown under irrigated agriculture

Based on a number of reports, the crops grown under irrigation vary from country to
country within the basin. In general, the major crops grown under irrigated agriculture in
the basin include sugarcane, wheat, rice, maize, cotton, soybean (Davis, 2003). For each

of the eight countries in the basin, there are predominant crops that are grown under
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irrigated agriculture; and for purposes of this report a total of 7 crops have been retained
for their relative importance in the subparts. The crop water requirement (CWR)
simulations in this report are based on these seven crops grown in the core countries of
the basin. Table 3 shows the major crops grown under irrigated agriculture for each of
the eight countries. The asterisks indicate the crop grown and level of importance in a
particular country. In terms of irrigation area within the Zambezi Basin, four countries
(namely Malawi, Mozambique, Zambia and Zimbabwe) have the largest current and
planned share of agricultural land and hence the major crops grown in these countries

will be of particular interest.

Table 3: Major crops grown in each country within the Zambezi Basin

Country Maize Rice Soybean Wheat Sugarcane Cotton Fruits
Angola ek ek
Botswana
Malawi
Mozambique
Namibia
Tanzania
Zambia
Zimbabwe

Source: Davis (2003)

3.2 Crop water requirements (CWR)

Table 4 is a summary of weather stations that were considered for each country in the
analyses. These stations were selected considering their proximity to the irrigable area
within the basin. The climatic data from these stations are used for the calculation of crop
water requirements. Some of the parameters used include temperature, humidity, wind

speed and solar radiation.



Table 4: Weather stations considered for this report

Malawi Mozambique Zambia Zimbabwe

Makanga Mutarara Kasempa Kwekwe
Station Ngabu Caia Kaoma Gweru

Thyolo Mopeta Kabwe Maranellas

3.2.1 CWR for Sugarcane within Malawi (Shire sub basin)

Figure 2 shows the computed CWR (mm/dec) and irrigation requirements (mm/dec) for
Sugarcane, modelled using climatic data from Makanga and Ngabu stations. Modelled
results show ETc as high as 8.16mm/day and 83.9 mm/dec as shown in the figure 2. In
terms of irrigation requirements, the most demand will be in October assuming the crop
is planted in January. From the graph, IR between January and February shows a value

of zero (0), which could be compensated by the effective rainfall during that period.
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Figure 2: The estimated ET. (mm/dec) and IR (mm/dec) for sugarcane in Malawi

Based on the irrigation requirements, Figure 3 shows the estimated required irrigation
flow rate in litres/second/hectare. As shown, a maximum flow of 1.1 (//%s/ha) will be
required during the most critical period. Assuming a worst case scenario that the entire
37,820 ha under irrigation at the same time, it implies an abstraction of 41.602 m3/s of

water from the water source.



410 1.20

e (irocs Imig. (mm) 110
s Flow (Vztha
409 w (Vsha) 1.00
080 -
E 408 E:
= 060 =
g
A 4 k:
3 040 ™
406 0.0
403 0.00
Tnitial Development Mid-season Late-seazon

Figure 3: The gross IR and estimated flow required per hectare for sugarcane in lower
Shire

3.2.2 Crop water requirements for maize (Malawi — Shire sub basin)
Assuming maize is planted in April which is the period after the rainy season, Figure 4

shows the ETc and irrigation requirements for the crop within the lower Shire River sub-
basin. Compared to sugarcane, the CWR for maize are quite low. The estimated highest
required flow rate per hectare for maize is calculated to be 0.32l/s/ha. At critical stage
therefore, about 12.14 m3/s would be required (assuming the entire area is irrigated at the
same time, and under a monocrop). The required flow is about quarter of what would

be required for sugarcane.
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Figure 4: The estimated IéTc (mm/dec) and IR (mm/dec) for maize in Malawi



3.2.3 Crop water requirements for rice (Malawi — Shire sub basin)

Figure 5 below shows the estimated crop water requirements for rice in the lower Shire
sub-basin of the Zambezi. As shown in the figure below, rice would require irrigation
water about two folds and four folds of what would be required for sugarcane and
maize, respectively. It is estimated therefore that at the most critical stage, about 80 m3/s

would be required to irrigate the same area of 37,820 ha.
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Figure 5: The estimated ETc (mm/dec) and IR (mm/dec) for rice in Malawi

3.2.4 CWR for sugarcane within the Mozambique portion of Zambezi Basin

Since sugarcane is the major crop grown under irrigation in the Mozambique portion of
the basin (Table 3), the CWR for that portion are estimated only for sugarcane. The
Mutarara, Caia and Mopeta weather stations were used for the estimations. Figure 5
shows the flow rate of irrigation water and the gross irrigation water that would be
required. It is shown in the figure 5 that at the most critical stage, 0.99 //s/ha would be
required. Assuming that the entire 74,661 ha that is under irrigation is irrigated at the

same time, it implies that 73.91 m3/s will have to be abstracted.
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Figure 6: The gross IR and flow rates per hectare required for sugarcane (Mozambique)

3.2.5 CWR for wheat within the Zambian portion of the basin

Climatic data for the Zambian portion of the basin used in these analyses were obtained
from the Kasempa, Kaoma and Kabwe weather stations. Maize and wheat were the
major crops estimated for their CWR on the Zambian portion. Figures 7 and 8 show the

modelled crop water requirements for maize and wheat for the Zambia portion of the

basin.
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Figure 7: The estimated ETc (mm/dec) and IR (mm/dec) for maize in Zambia
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Figure 8: The estimated ETc (mm/dec) and IR (mm/dec) for wheat in Zambia

From Figures 7 and 8, it is shown that the CWR for maize and wheat respectively follow
a similar pattern assuming planting is done in May. The critical irrigation requirements in
terms of flow rate for the two crops are also quite similar; with maize demanding 1.0
l/s/ha while wheat would require 1.02 //s/ha. Assuming the entire 74,661 ha is under
wheat or maize as standalone crops, it would require approximately 75m3/s flow of

abstracted water during the critical period.

3.2.6 CWR for sugarcane within the Zimbabwe portion of the basin

Assuming the sugarcane crop is planted in January within the Zimbabwe portion of the
Zambezi Basin, the Figures 9 and 10 below present the CWR and required flows to meet
the demands. As shown in Figure 10, at the most critical stage of the sugarcane demand
abstraction of 1.25///ha if the entire area is under sugarcane alone, and is irrigated at the
same time. At that flow rate, 135.9m3/s would have to be abstracted to meet the

demands.
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Figure 9: The estimated ETc (mm/dec) and IR (mm/dec) for sugarcane in Zimbabwe
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Figure 10: The gross IR and flow rates per hectare required for sugarcane in Zimbabwe

4.0 Conclusion
Based on the modelled results, CWR for the same crop are different, largely influenced

by the climatic input. The report also shows that although eight countries form part of
the Zambezi River Basin, their potential contribution in terms of irrigated agriculture is
different; with Mozambique, Zambia, Zimbabwe and Malawi being among the countries

with a significantly large potential for irrigation.
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Appendix 1: Average climatic data and ETo for Makanga Weather Station

e

5 Monthly ETo Penman-Monteith - C:\Program Files (x86)\CLIMWAT 2.0 for C...| = || & s3]

Country |L|:u:atiu:|n 17

Altitude 58 m.

Latitude | 1651 [|*5 =

Station |MAKANGA

Longitude | 3515 |*E =

Month Min Temp | Max Temp | Humidity Wwind Sun Rad ETo
HE; e 4 krndday haovrs b e fday rarn/day
January 2219 a3z 7 1241 74 221 4499
February 227 333 | 104 74 2.7 483
March 221 3zh 7a 112 T 21.0 4.61
April 203 A0 Fi 121 an 1493 411
May 17.0 2949 73 112 8z 178 A2
June 143 279 72 112 75 153 2497
July 14.3 27h Fill 130 74 157 207
August 167 303 B2 164 a7 192 424
September 188 336 54 216 213 214 h.a3
October 215 A7 A1 251 91 2319 .05
Movember 228 b8 54 225 a8 24.1 B.71
December 233 42 71 156 75 222 545
Average 196 321 69 152 81 203 478

Rain Eff rain
rm rm
January 117.8
February 127.4 101.4
March 1105 1.0
April 320 AT
May 148 14.4
June 165 161
July 17.3 16.8
Auqust 6.6 6.5
September a0 a.0
October 2289 27EB
Movember B1.2 ah.2
December 167.0 1224
Total 7506 6098

Appendix 2: Average monthly rainfall and effective rainfall for Makanga Station
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Appendix 3: Kc values and stages of growth for sugarcane

Dry crop - C\ProgramData\CROPWAT\data\crops\FAO\SUGARCAN.CRO

Crop Name |Sugarcane (R atoan] Planting date |02/01 Harvest |01/01
| 1.4
ke
— 040 —f
WYalues [ 075
Stage initial developrent mid-zeazon late seazon tokal
[days] 30 B0 180 95 365
180
Rooting depth _"“'-——__.--___________ E
(m) e 1,50
Critical depletion
(fraction) 065 .65 .65
Yield responze F. 0.50 075 1.20 IR11] 1.20
Cropheight [m]) 300 [optidnal)

Appendix 4: Soils data input

Soil - CA\ProgramData\CROPWAT\data\soils\FAC\MEDIUM.S0OI

5oil name |Nen:|ium [lvarn)

General zoil data

Total available zoil moisture [FC - WF]

M aximum rain infiltration rate

M aximum rooting depth

Initial so0il moisture depletion [as % TAM]

Initial available zoil moisture

230.0

40

ik

300

N

230.0

mm{meter
mm{day
centimeters

%

mm/meter
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Appendix 5: Crop Irrigation Schedule for sugarcane (lower Shire — Malawi)

ETo station [MAKANGA
Rain station |MAKANGA

Crop irrigation schedule

Crop |Sugarcane [Aatoon)

Sail |M edium [loam)

Planting date |02/01
Harvest date |01/01

Yield red.

0.0 %

Table format o : = 3
Timing: |migate at critical depletion
& lriaati
Imigation schedule Apphcation: Refill zoil ta field capacity
~ A - i
Daily zoil moisture balance Field eff. 70 %
Date Day Stage Hain Ks Eta Depl Met Iir | Deficit Loss Gr. Irr Flow
i fract. 4 4 i i i i |/zrha
1 Jun 151 hid 0o 1.00 100 BE 286.6 0o 0o 409.4 0.#
19 Aug 230 Mid 0o 1.00 100 E5 2845 0o 0o 4065 0.60
1 Oct 273 End 0o 1.00 100 BE 2856 0o 0o 4081 1.10
14 Nov n7 End 0o 1.00 100 BE 2852 0o 0o 407.5 1.07
1 Jan End End 0o 1.00 0 9
Totals "‘

Total gross imigation  1631.4 mm Total rainfall 750.8 mm

Total net irrigation  1142.0 mm Effective rainfall 607.9 mm

Total irmigation losses 0.0 mm Total rain loss 1430 mm

Actual water use by crop  1738.3 mm Moist deficit at harvest 385 mm

Potential water use by crop  1788.3 mm Actual irmgation requirement 1180.5mm

Efficiency irrigation schedule 1000 X% E fficiency rain 810 %
Deficiency irrigation schedule 0.0 %
Yield reductions v
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Appendix 6: Crop Irrigation Schedule for maize (lower Shire — Malawi)

{3 Crop irrigation schedule (o[- (]

ETo station |M-"1'~KANGA Crop |M.-’-\IZE [Grain) Planting date |04/04 Yield red.
Rain station |MAKANGA Soail |Medium [loam] Harvest date |06/08 0.0%
Table format . . - :
Timing: lrigate at critical depletion

(« lrrigahi hedul e e :
* ‘mgatian schedule Apphication: Refill zoil to field capacity

(" Daily zoil moisture balance Field eff. 70 %

Date Day Stage Hain Ks Eta Depl MHet Iir | Deficit Loss Gr. Irr Flow
i fract. 4 4 i i | i I/z/ha
22 Jun 80 hid n.a 1.00 100 55 160.9 n.a 0.0 2298 033
6 Aug End End n.a 1.00 ] 35
Totals o
Total grozs unigation 2298 mm Total rainfall 785 mm
Total net imigation 1609 mm Eflective rainfall 0.0 mm
Total imgation lozzez 0.0 mm Total rain loss 85 mm
Actual wateruse by crop 3329 mm Moist deficit at harvest 102.0 mm
Potential water use bp crop 3329 mm Actual imgation requirement 262.9 mm
Efficiency irrigation schedule 1000 X Efficiency rain 891 X%
Deficiency imgation schedule 0.0 4
Yield reductions W




Appendix 7: Crop water requirements (lower Shire — Malawi)

L)

ETo station |MAKANGA

Rain station |MAK.~'-‘«NG.~'—\

Crop Water Requirements

(=[5 ]

Crop |MAIZE (Grain)

Planting date [04/04

Month Decade Stage Kc ETc ETc EFF rain Irr. Req.

coeff mm/day mm/dec mm/dec mm/dec
Apr 1 It 0.30 1.28 9.0 1.9 05
Apr 2 It 030 1.23 123 10.3 20
Apr 3 Deve 0.37 1.45 14.5 25 E.0
May 1 Deve 0.61 224 228 E5 16.4
May 2 Deve 0ay 308 05 18 2B.7
May 3 Iid 112 372 40.9 43 367
Jun 1 Mid 1.18 72 w2 52 320
Jun 2 hid 1.18 380 30 54 297
Jun 3 Mid 1.18 354 354 5.4 30.0
Jul 1 Late 1.16 348 B 3E 287
Jul 2 Late 0.95 281 281 E.1 22.0
Jul 3 Late 0.E5 222 24.4 48 19.6
Aug 1 Late 04z 1.61 97 18 a2

3345 9.7 258.4

Appendix 9: Crop Irrigation Schedule for rice (Lower Shire — Malawi)

<))

ETo station |M.-’-\K.-’-\N GA

Rain station |M.-’-\K.-’-\N GA

Crop Water Requirements

[= ][ 2w

Crop |F|ice

Planting date |E|1 J06

Month Decade Stage Kc ETc ETc EfF rain Irr. Req.
coeff mm./day mm./dec mm/dec mm/dec
May 2 LandPrep 1.05 363 332 34 120.8
May 3 LandPrep 1.05 350 385 43 180.3
Jun 1 It 1.10 346 ME 52 295
Jun 2 It 110 326 326 54 273
Jun 3 Deve 112 336 336 54 281
Jul 1 Deve 115 342 342 59 284
Jul 2 Deve 119 353 353 E1 292
Jul 3 Mid 1.20 408 449 438 401
Aug 1 kid 1.20 463 46.3 31 432
Aug 2 Mid 1.20 509 509 18 432
Aug 3 Late 1.20 573 E3.0 17 B1.2
Sep 1 Late 117 .20 E2.0 11 E0.9
Sep 2 Late 113 657 B5.7 06 B5.1
Sep 3 Late 1.09 E.78 543 27 508
629.0 51.4 814.0
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Appendix 10: Rice Irrigation Schedule for lower Shire - Malawi

3 Rice irrigation schedule = Ech "

ETo station |MAKANGA Crop |Rice Planting date |01/06 Yield red.
Rain station |MAKANGA Soil [BLACK CL&Y SOIL Harvest date |25/09 0.0%

Scheduling criteria

Pre puddling Puddling Growth stages
Timing Irigate at fived % depletion of FC Irrigate at fiwed mm waterdepth Irigate at fixed waterdepth
Application Refill ta fiked % saturation Fefill ta fiked water depth Refill ta fiked waterdepth
Table format
{* lmigation schedule " Daily soil moisture balance Field efficiency 70 % Soaking depth 0.5 m
Date Day Stage Rain Ks Eta Puddl | Percol. |Depl.5M | Net Gift | Losz  |Depl.SAT ~
mm fract. 4 ztate i mm i mm i
9 Jul 39 Dew 0.0 1.00 100 ok, 3l a 952 0o -4.8
25 Jul b5 Mid 0.0 1.00 100 ok, 3l a 1001 0o 01
8 Aug B9 Mid 0.0 1.00 100 ak. 3l a 99.4 0o 0.6
20 Aug 81 Mid 0o 1.00 100 ok, 31 1] 957 oo 4.3
31 Aug 92 End 0o 1.00 100 ok, 31 1] 95 4 oo 46
11 Sep 103 End 0o 1.00 100 ok, 31 ] 101.6 0o 16
21 Sep 113 End 0o 1.00 100 QK ichl ] 96.4 no 1 A
Totals ~
Total gross imigation 15925 mm Total rainfall 53.6 mm
Total net imigation 1114.7 mm Effective rainfall 53.6 mm
Total irrigation losses 0.0 mm Total rain loss 0.0 mm
Total percolation losses 4605 mm
Actual water use by crop 5505 mm Moist deficit at harvest 1399 mm
Potential water use by crop 5505 mm Actual irrigation requirement 4370 mm
Efficiency irrigation schedule 1000 2 Efficiency rain 1000 %
Deficiency irmigation schedule 0.0 4
v
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Appendix 11: Crop irrigation schedule for sugarcane - Mozambique

5

ETo station |MUTARARA
Rain station |MUT.-'-‘«F|.-‘-\F|.-’-‘«

T able format

(3] Crop irrigation schedule

Crop |5ugarcane [Ratoaon]

Soil |M ediumn [loarm)

E=EC %=
Planting date |01/01
Harvest date |31/12

Yield red

Mox

Timing: lrigate at critical depletion
& lriaak
Im?atmr-l scl!edule Application: Refill zoil to field capacity
" Daily zoil moisture balance Field eff. 70 %
Date Day Stage Hain Ks Eta Depl Met lir | Deficit Loss Gr. Irr Flow
i fract. 4 4 mm mm mm i I#z/ha
9 Jun 160 kid no 1.00 100 (o1 286.0 0o 0o 4036 020
30 Aug 242 kid no 1.00 100 BE 285.2 0o 0o 4075 (IR=H]
17 Oct 290 End 0o 1.00 100 BE 288.8 0o 0o 12k 0ss
3 Dec End End no 1.00 0 43
Totals ~
Total gross unigation  1228.7 mm Total rainfall 7458 mm
Total net irmigation 8601 mm Effective rainfall 5606 mm
Total ungation logses 0.0 mm Total rain loss 185.2 mm
Actual water use by crop  1609.6 mm Moist deficit at harvest 1888 mm
Potential water use by crop 16096 mm Actual irmgation requirement 1048.9mm
Efficiency irngation schedule 1000 X Efficiency rain L4
Deficiency irnigation schedule 0.0 x
Yield reductions W

T
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Appendix 12: Climatic data for Mutarara Weather Station (Mozambique)|

5 Monthly ETo Penman-Monteith - C:\Program Files (86\CLIMWAT 2.0 for C...[ = || & |[s5m]
Country |Location 54 Station |MUTARARA

Altitude | 58 m. Latitude | 1738 |5 Longitude | 3505 [E ~

Month Min Temp | Max Temp | Humdity Wwind Sun Rad ETo
il # i kmiday hourz k) e dday mm.day

January 225 338 73 147 £.4 205 5.00
February 226 37 77 130 B.1 197 455
March 217 327 73 130 184 446
April 200 34 75 138 171 395
May 17.0 a1 73 130 137 318
June 14,4 a1 75 130 124 274
July 141 22 75 138 132 28
August 155 a3 7 173 153 366
September 18.1 330 EG 199 18.4 475
October 207 361 E1 225 211 E.04
Hovember 223 36.2 £5 225 206 5.94
December 224 349 73 173 195 5.09
Average 19.3 32.4 7 161 6.2 17.6 4.36

Appendix 13: Rainfall data for Mutarara Weather Station (Mozambique)

i3 Monthly rain - C\Program Files (x86)\CLIMWAT 2.0 for CROPWAT ... | = || = ||s3m|

Station |[MUTARARA EFf. rain method |USDA 5.C. Method
Rain EFff rain

mm i

January 1176

February 150.0 114.0
March 119.0 963
April 330 N3
May 220 2.2
June 120 11.8
July 20.0 19.4
August a.0 2.9
September 11.0 108
October a0 a3
Movember 21.0 05
December 1230 92.8

Total 746.0 609.4
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Appendix 14: Crop irrigation schedule for maize in Zambia

)] Crop irrigation schedule = @
ETo station |KASEMPA, Crop |MAIZE (Grain] Planting date |15/05 Yield red.
Rain station [KASEMPA Soil |BLACK CLaY SOIL Harvest date |06/03 0.0%
T able format - - ” ;
s Timing: |migate at critical depletion
= Jlmoationischedule Application:  Refill zoil to field capacity
- 3 e
Daily =oil moisture balance Fieldeff. 70 %
Date Day Stage Rain Ks Eta Depl Het Ir | Deficit Loss Gr. lr Flow
mm fract. % E4 mm mm mm mm I#s/ha
8 May 4 It 0o 1.00 a0 55 a7 no 0.0 55.2 1.60
4 Jun 3 Dev 0.0 1.00 100 a7 78.8 0o n.a 1128 043
25 Jun 52 Dew 0.0 1.00 100 55 106.0 0o 0.a 151.4 0a3:
16 Jul 73 Mid 0o 1.00 a0 5E 112.8 no 0.0 1E1.1 0.
4 Aug 92 hid 0.0 1.00 100 56 111.6 0o 0.0 159.4 047
6 Sep End End 0.0 1.00 i] 7E
Potential water use by crop 5026 mm Actual imigation requirement 499.0 mm j
Efficiency irrigation schedule 1000 2 Efficiency rain 1000 %
Deficiency irrigation schedule 0.0 -4
Yield reductions
Stagelabel A B C D Season
Reductions in ETc 0.0 0.0 0.0 0.0 0.0 4
Yield response factor 040 0.40 1.30 0.50 1.25
Yield reduction 0.0 0.0 0.0 0.0 %
Mieemeddabicen wminld cadoonbinm nn nn nn nn nn b ﬂ

Appendix 15: Climatic data for Kwekwe Weather Station - Zimbabwe

5 Monthly ETo Penman-Monteith - C:\Program Files (x86)\CLIMWAT 2.0 for C..| = || & |[s3s]
Country ||_ocati-:-n 32 Station |KWEKWE
Altitude | 1216 m. Latitude ’W ’S—Ll Longitude ’W IE_L|
Month Min Temp | Max Temp Humidity Wind Sun Rad ETo
iE H e krm/day haours rdd A/ day rrn/day
January 282 72 156 EA 208 453
February 16.4 28.0 72 164 E7 207 451
March 14.8 28.2 EE 190 7.5 205 464
April 128 276 £2 190 79 18.7 423
May a6 255 57 181 a5 17.1 375
June E.1 231 55 193 a1 15.4 333
July B 233 50 207 a4 1E.3 259
August 7.8 26.0 44 225 a.8 18.8 454
September 11.3 254 38 251 a19 215 5.90
October 15.2 3.4 1 251 a2z 2 E.47
Hovember 16.4 282 57 193 EA 206 526
December 1E.9 28.2 g8 173 E.0 200 464
Average 12.4 27.3 57 199 77 19.4 463
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Appendix 16:
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Appendix 17: Gross irrigation requirement and required inflow for maize - Zambia
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