WEAP-MABIA Tutorial

A collection of stand-alone chapters to aid in learning the WEAP-MABIA module
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Introduction to Tutorials

WEAP-MABIA is a complete software package for modeling crop water requirements and the
different water balance components. It is used by scientists, engineers and resource and asset
managers to simulate runoff, infiltration and percolation processes resulting from natural rainfall,
irrigation scheduling, crop yield reduction and the performance of engineered systems that
manage our water resources, WEAP-MABIA is used to develop link-node and spatially
distributed models that are used for the analysis and simulation of agricultural water demands,
WEAP-MABIA also models flow and recharge in natural systems including rivers and lakes with

groundwater interaction.

This document contains four self-guided tutorials that demonstrate basic tasks required to build
and solve different scenarios and to analyze simulation results. A list of data files required to start
each tutorial is presented on the first page of each module. These files can be downloaded from
http://www.bgr.bund.de/IWRM-DSS .

The tutorials are intended to be run on WEAP-MABIA Release 2010.

The tutorials and the demo files are updated from time to time. It is suggested that customers visit
our web site http://www.bgr.bund.de/IWRM-DSS to obtain the latest version of the tutorials and

the demo files. The latest version of WEAP can be downloaded from www.WEAP21.0rq .

The tutorials are available in PDF format. Users may download the files and print selected pages

on their local color printer to enhance visibility.

Each tutorial demonstrates a defined skill set. The tutorials are self contained and may be
followed in any order. The required skill level is to have a basic knowledge of WEAP (creating

an area, drawing a model, entering basic data, obtaining first results).

The purpose of these tutorials is to demonstrate software features and the typical work flow for
common applications. The values and examples used in these tutorials represent real and
experimental cases that help users define their own modeling needs. The end user is obliged to

judge the scientific validity of the specific parameter values within the given scenario.
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Building the basic model

The WEAP-MABIA models in this guide utilize the “Starting Point for ‘Basic Tools’ module”.
To begin this module, on the Main Menu, go to Area and select “Open”. You should see a list of
Areas that includes “Tutorial” - select this Area. Then, go to the Main Menu, select “Revert to
Version” and choose the version named “Starting Point for ‘Basic Tools’ module”. You should

now see the Schematic as shown below.
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Create a Groundwater Resource

Create a Groundwater node on the other side of the Main River opposite and upstream of Big

City and name it “Agriculture Groundwater”. Also, make it active in Current Accounts.

Give Agriculture Groundwater the following properties (make sure you are in Current Accounts

when entering the following data - you will realize you are not if there is no tab for Initial

Storage):
Storage Capacity Unlimited (default, leave empty)
Initial Storage 100M m?
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Big City (1)

Groundwater

Agriculture Groundwater

Optional Label for S chematic

Use  for line: break] |Agliculture Groundwater

[v &ctive in Curent Accounts?
? Help « Finizh | x Cancel ‘

Replace the Agriculture Demand Site with a Catchment

Delete the Agriculture demand site and create a Catchment in its place. Name it “Agriculture

Catchment” and give it the following properties:

Runoff to Main River

Represents Headflow No (check box)
Infiltration to Agriculture Groundwater
Includes Irrigated Areas Yes (check box)

Demand Priority 1 (default)

Note that the Demand Priority data appears in the window only after selecting “Yes” to

“Includes Irrigated Areas”.

Connect the New Catchment

The new catchment should now already be connected to the Main River and to the Agriculture
Groundwater with a Runoff/Infiltration Link. Add a Transmission Link from the Main River
(same starting point as the former Agriculture demand site), with a Supply Preference of 1. Your

model should now look similar to the figure below:
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IY\" N

Agriculture Groundwater -

Agriculture Catchment (1)

ﬂ The purpose of this transmission link is to allow supplying irrigated areas with water from the river

in case rainfall is insufficient.

Change the Time Horizon for the Area

Under the General\Years and Time Steps menu, change the “Time Horizon” of the Area.

Current Accounts Year 2000 (unchanged)
Last Year of Scenarios 2001
Years and Time Steps lﬁ
H Time Horizor
Set the Startlng # ‘ Title ‘Abbrev. Length‘ Beaqinz Ends |
Curent Accounts Year | 2000 -5
month Of the . = 1 Movember Mo 30 Mow 1 Mo 30
Last Vear of Scenarios: > 2 December Dec 3 Decl Dec 31
Py ” 3 January Jan A Jan1 Jan 31 =
Water Year” to T Stens ber Yoar 4| February Feb 28 Feb1  Feb2s
L 5 March Mar T Marl  Mar 3t
November 1z - 8 Apii At 30 Ap 1 Apr 30
7 May [LE 3 May 1 Map 31
[~ Add Leap Days? 8 June Jun 30dunl  dun a0
9 July Jul 3 Jull Jul 31
) 10 Auguist Aug 1 Aug Aug 31
'[Ilme Step Boundary 11 September Sep 30 Sep 1 Sep 30
* Based on calendar month 12 Dctober Dct N 0ct1  Oetd
Al time steps are equal length
" Set time step length manually =
Water ear Start
November ﬂ The study period will run fram Mavember, 1939 to Octaber, 2001,

Q The first month of the water year must be chosen so that the cropping cycle of all the chosen

crops is within the so defined study period.
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Modeling Catchments: The
MABIA Dual K. model
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Q Objectives: Introduce the steps required to define:

- the climatic parameters
- the different crops cultivated in the catchment
- the soil characteristics for each sub-catchment

- the irrigation system characteristics and the irrigation schedule criteria for each crop
Data files:

- DailyClimate.csv

- Pepper&Wheat.csv

Create sub-structure in the Catchment

The first time you right click on the Agriculture Catchment or select it in the Data Tree, you will

get a window that asks you to select a model for the Catchment:

Select the model MABIA (FAO 56, [ select Method
dual KC, daily) and click OK

Select method for calculating runoff and irigation demands in catchments

" Rairfall Runoff [FAD]

" lrigation Demands only [FAD]

" Rainfall Bunoff [zoil moisture model]
oo MARIA [FAD 56, dual KL, dailvk

? Help ' 0K
[

There is also the opportunity to change this selection later by clicking on the “Advanced” tab in

the Data view:

Land Use) _Climate) _Irrigatinn) Loss and Reuse) _YieIdJ;l Water Qualit‘,r) Cost ) Priority )

Advanced .

h ethod |

Choose method for determining demand. For monthly variation. use Monthly Time-Senes Wizard. % Help

Demand Sites and Catchment] Choose Method | -
Agriculture Catchment MAEBLA [FAD 56, dual KL, daily] LI
Rainfall Bunoff [FAO0]

Imgation Demands only [FAD]

R ainfall Bunoff [zoil moizture model
MABIA [FAD BE, dual E.C, daily]
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We will assume this catchment has three types of land use. In the Data View, add the following
branches to your new catchment by right-clicking it in the data tree and selecting “Add”. (If you
select the catchment for editing by right clicking on the node in the schematic view rather than
going through the Data view, you will be asked beforehand to choose a simulation method - pick

the “MABIA (FAO 56, dual KC, daily)” method). Add the following branches:

Potato Field EI Demand Sites and Catchmets
) ; Big Ciky
Green Pepper Field - = {Agriculture Catchment]
. . Potata Field
Wheat Field areen Pepper Fizld
i yheat Field

Enter the Appropriate Land Use Data

Area

Select the Agriculture Catchment in the Data view and enter the following data after clicking on
the “Land Use” button and on the “Area” tab:

Total Land Area 1,000 ha (you will have to select units first)

Data for: ICU"Ef'lt Accounts (2000] Vl |#& Manage Scenarios [L]l Data Expressions Report
{ Land Use _Climate) _Irrigation) Loss and Reuse) Yield ) Water Quality) Cost ) _Priority)

Share of Land Area

_Advanced )
Effective Precipitation | Surface Layer Thickness | Initial Depletion
. Crops Soil W ater Capacit M awimum Infilkration Fate
Potato: 30 e pcy |
Enter the land area for branch. or branch’s share of land area from branch above. ? Help ”
Demand Sites and Catchment] 2000 IScaIe IUnit I -
Agriculture Catchment 1 Thouzand  ha =
Green Pepper. 20 Potato Field 30 Percent  share of hectares ‘E‘
Green Pepper Field 20 Percent zhare of hectares
‘wheat Field Femainder(100] Percent  share of hectares il
Wheat: Remainder(100) I Table | Notes |
Area
01 -
2 ] il
3 @
- 301
: IE3
2 294
z T
[ =
10 -
=)

o

Green Wheat Field
Penner Fisld

<«
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Crop
Click on the “Crops” tab to activate it.

The “Crops” tab is used to define the crop(s) and to set the planting date(s) for these chosen

crop(s) to be used in the selected catchment.

WEAP-MABIA includes a “Crop Library” which provides the required parameters for over 100
crops, some with multiple entries for different climates or regions of the world. The end user can

add, edit, remove, copy, export, import or search the “Crop Library” for a particular crop:

+ Add [&'Rename = Delete B2 Copy E%' Categories [ Import... [g Export... |[Enter search text...

As showed in Graph, the parameters considered in the calculation algorithms of the WEAP-
MABIA model are:

Stage Length [days] Kcb Depletion Factor [0-0.99] Yield Response Factor, Ky Maximum| Root Depth [m]
Crop or Land Cover o = = " P = Height
evelop-| Mid- - = velop- i
Icl ment |Season | L3t8 | Total eal Season| L2t8 eal Season| L2t® oal ment |Season| L2te |Overal 6 M-nmum|Ma)en
Fallow 365 365 0.01 001 001 099 099 0.99 0.15 1.00 1.00
Broccoli (Calif. Desert, USA) 35 45 40 15 135, 0.15 095 0.85 0.45 0.45 0.45 0.30 0.15 0.50
Cabbage (Calif. Desert, USA) 40 60 50 15 165 0.15 095 0.85 0.45/ 0.45 0.45 0.40 0.40 0.50 0.50 0.95 0.40 0.15 0.65
Carrots (Arid dimate) 20 30 40 20 1100 0.15 095 0.85 0.35/ 0.35 0.35 0.30 0.15 0.75

- O e lengths of growth stages (Lini, Ldev, Lmid, Liate) Were computed according to the
FAO-56 method as a function of vegetation cover f.. The initial stage (Lin) runs from
sowing date to when f; reach a value of 0.1, the development stage (Lgey) runs from f; of
0.1 to full vegetation cover (f. of 0.9), the mid-season stage (Lmig) runs from the end of
development stage until canopy cover f. drops back to the same value it had at the end of
the development stage and the beginning of the mid-season period (f. = 0.9). The late

season stage (Late) runs from end of the mid-season stage until the end of growing season.

- © The basal crop coefficient (Kcp) is defined as the ratio of the crop evapotranspiration
ET. over the reference evapotranspiration ETref when the soil surface is dry but
transpiration is occurring at a potential rate. Therefore, K¢, represents primarily the
transpiration component of ET.. The K¢, coefficient serves as lumped parameter for the
physical and physiological differences between crops. Variation in K, between the
growth stages is mainly dependent on how the crop canopy develops. The values given in
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the “crop library” represent a standard climate having mean daily minimum relative
humidity (RHmin) equal to 45% and mean daily wind speed measured at 2 m (uy) equal to
2ms ..

- O e depletion factor (p) is the fraction of the total available water (TAW) that can be
depleted from the root zone before moisture stress occurs. You can define different values
to express the variation of the crop sensitivity to water shortage over the different crop

stages.

- O The yield response factor (Ky) is a factor that describes the reduction in relative yield
according to the reduction in the crop evapotranspiration (ET.) caused by soil water
shortage. Ky values are crop specific and may vary over the growing season. The values
for Ky are given for the individual growth periods as well as for the complete growing

season.

————————————————————————————————————————————————————————————————————

cb ini |

Evaporation

Surface layer

Readily Available

Water
Total Available Water

Resgervoir soil

Graph illustrating the different parameters considered in the crop module.

- © The maximum height of the crop

- O e rooting depth for annual crops has three growth stages. The rooting depth is held

constant at the minimum depth (Z; min) throughout the initial crop growth stage. The root
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zone increases linearly to a maximum depth (Z; max) throughout the vegetative growth and

development stages. The maximum root depth is attained at the beginning of the mid-

season stage (peak growth) and is maintained throughout the mid and late season stage.

However, the rooting depth for perennial crops is assumed to be constant.

“Crop Library” screen.

ﬂ Read the “Crop Library” help topic (under the “Data/Catchments/MABIA Method (FAO 56, dual Kc,

daily)/Supporting screens” subheading in the Help Contents) for a more detailed description of the

Adding New Crops to the Library

Now suppose you have your own experimental data and you want to use them instead of using

the crops as defined in the “Crop Library”. Therefore, you need to add them to the “Crop

Library”. For that you are going to use the data as described below:

Crop name

Category

Stage length
Keb

Ky

Ky (Overall)

Height (m)
Depletion Factor

Rooting Depth (m)

Potato

Roots and Tubers

Initial Development Mid-season  Late-season
20 25 35 25

0.15 1.1 0.65

0.45 0.8 0.8 0.3

1.1

0.6

0.35 0.35 0.35

Min Max

0.15 0.6
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1. Click on the empty cell in front of the “Potato Field” of the

“Crops” tab (in the “Land Use” window) and select the “Edit

Crop Library” from the pull-down menu.

The “Crop Library” window will show up.

Expression Builder
Crop Scheduling Wizard
Edit Crop Library

W¥ Crop Library (for use with catchment method "MABIA™)

B8 X

—_

Crops

Show Entire Crop Library [ | JW-G LT E0ET 1
Single View ]

B2 Copy EY Categories [ Import

.. [ Export... |[Enter search text...

Typical Stage Length [days] |:|
Crop or Land Cover Category Flanting - .
Month | pnitial Df:::;p' E gg;n late | Total | Init
P |Fallow Fallow 365 85 0
Broccoli (Calif. Desert, USA) Small vegetables Sept 35 45 40 15 135 0
Cabbage (Calif. Desert, USA) Small Vegetables Sept 40 &0 50 15 165 0 '
Carrots (Arid dimate) Small Vegetables QOctfJan 20 30 40 20 110 0
Carrots (Mediterranean) Small Vegetables FebMar 30 40 &0 20 150 0
Carrots (Calif. Desert, USA) Small Vegetables Oct 30 50 30 30 200 0
Caulifiower (Calif. Desert, USA) Small Vegetables Sept 35 50 40 15 140 0
Celery ({Semi) Arid) Small Vegetables Oct 25 40 95 20 1180 0
Celery (Mediterranean) Small Vegetables April 25 40 45 15 125 0
Celery {{Semi) Arid) Small Vegetables Jan 30 55 105 20 21| 0
4 3

Motes for: Fallow

Crop "Fallow™ will be used automatically to model the days before and after other crops are active. For example, if spinach was planted April 15 - July 23,

Fallow"™ would be used from Jan 1 - April 14, and July 24 - Dec 31.

? tebp

o Close

2. Click the * 299 | hutton to add a new crop.

3. In the “New Crop” window enter

the name and the category for Potato

as shown in the figure. Then click

W OK

The new crop will be

added to the existing list.

W New Crop

Mame: |P|:utat0

Category: |R|:|ots and Tubers

o OK x Cancel |

i i i . NI Single View
4. Now, click on the “Single View” and start entering the data for Potato naE e

5. Once all the data are entered, click

' Close

to validate the data.
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r -
Wi Crop Library (for use with catchment method "MABIAT) =HAEN X

Crops
|Sh0wEntireCropLibrar\,r j + Add F%' Rename = Delete B3 Copy [ Categories ¥ 4 [ Import.. [ Export..

List View [ERTTR

Crop Category Typical Planting Month
|P0tab3 |Ru:u:|ts and Tubers j |Feb

Initial Development Mid-Season Stage Length[days] Final Stage Length[days]

| w0 | 25 | 35 25

ke Inital ke Mid-Season Kc Final

| 0.15 | 110 | 0.65

Ky Initial Stage Ky Development Stage Ky Mid-Season Stage Ky Final Stage Ky Overall

| 045 | 0.80 | 0.80 | 0.30 | 110

Maximurm Height[m] Minimum Root Depth[m] Maximum Root Depth[m]
| 0.60 | 0.15 0.60

Depletion Factor [0-1]

0.35

Motes for: Potato

« Close

For the remaining crops (Green Pepper and Wheat) you will use the import functionality to add
them to the list of crops. For that, you will need the file “Pepper&Wheat.csv”. You need to
download it from http://www.bgr.bund.de/IWRM-DSS WEAP-MABIA tutorial data.

1. In the “Crop Library”, click the & Import... | b tton
2. Tell WEAP where to find the file “Pepper&Wheat.csv”, select it and click “Open”

3. The remaining crops will be added to the list. The “Crop Library” window will look like this:

W Crop Library (for use with catchment method "MABIAT)

Crops
|Shaw Entire Crop Library = || 4 Add (' Rename = Delete B2 Copy E&' Categories [Z Import.. [H Bxpo

Single View ]

Typical Stagel
Crop or Land Cover Category Planting
Month Initial Develop-| |
ment  (Se
P [Fallow Fallow 365

Potato Roots and Tubers Feb 20 25
Green Pepper Vegetables - Solanum Family May 30 35
Wheat Cereals Mov 50 70
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Using the Cropping Scheduling Wizard

WEAP comes with a “Cropping Scheduling Wizard” to assist the user in defining the cropping
pattern for the different catchment branches. It is accessible via the drop-down menu on the data

grid for the “Crops” tab under “Land Use”.

Effective Precipitation l Surface Layer Thickness l Iritial Depletion ‘
Area Soil \Water Capacity l M aximurn Infiltration B ate ‘
Choose cropls] from the crop library and zet planting date[s])--double click cell to use Crop 2 Hel
Scheduling Wizard. &
Agriculbure Catchment| 2000 | -
Potato ; ze the Cropping Scheduling 'iza LI E
Green Pepper ; Usze the Cropping Scheduling 'wizard Expression Builder
Wheat : Uze the Cropping Scheduling ‘wizard X .
= ey e Crop Scheduling Wizard 5

Edit Crop Library

For each branch of the “Agriculture Catchment”, use the Crop Scheduling Wizard to specify the
crops (from the “Crop Library”) and the planting date as described below:

Branch Crop Name Planting Date
Potato Field Potato Feb 13
Green Pepper Field Green Peppers May 5
Wheat Field Wheat Nov 17

1. Click on the empty cell in front of the “Potato Field” of the “Crops” tab (in the “Land Use”
window) and select the “Crop Scheduling Wizard” from the pull-down menu in the data entry

bar. The “Crop Scheduling Wizard” will show up.
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W Select Crops or Land Cover for Branch: Agriculture Catchment\Potatoe % @ﬂg

Mumber of crops or cuttings per year IE

»

Crop Typical
Crop or Land Cowver Season Planting
Length Month

Planting End i
Date Date

Small Vegetables 3 L
Vegetables - Solanum Family 2 B
Vegetables - Cucumber Family 2
Roots and Tubers 3
Legumes 3 ™
Perennial Vegetables (winter dormancy) 2
Fibre Crops 3 ” i | x = | FH
| Oil Crops [
Cereals 3
Forages 3
Grapes and Berries 3
Fruit Trees 3

2. At the top of the wizard, select the number of crops or cuttings per year. For this example,
leave it to default (1) as only potato is cultivated. Then, click on the empty data row and point to
the “Roots and Tubers” category of the drop-down menu, another menu will show up with a list

of the crops that belongs to this category, select “Potato (Feb) .

—m F UL e diil, LESTIL, WM LT
W Select Crops or Land Cover for Branch: catchment
o

e Sweet potato (Mediterranean) (April)

Mumber of crops or cuttin Sweet potate (Tropical regions) (Rainy seas.)
Sugarbeet (Calif., USA) (March)

Sugarbeet (Calif., USA)} (June)

Sugarbeet (Calif, Desert, USA) (Sept)

I Sugerbeet (ésho, USA) (4pri)

Crop or Land Cover

Small Vegetables r Sugarbeet (Mediterranean) (May)
Vegetables - Solanum Farnily ¥ Sugarbeet (Mediterranean) (Movernber)
Vegetables - Cucumber Family k Sugarbeet (Arid Regions) (Movemnber)
Roots and Tubers k Potato (Feb)

Legurmies -
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q

If you had potato followed by peanut for example, you would enter 2; or if you had instead an alfalfa
crop with three subsequent cuttings, you would enter 3. Therefore, the crops would be defined as

shown below:

Crop or Land Cover

Alfalfa (1st cutting cyde) (Calif., USA)
Alfalfa (other cutting cydes) (Calif., USA)
Alfalfa (other cutting cydes) (Calif., USA)

3. Then, click on the cell below the “Planting Date™ and set the planting date to Feb 13 from the
menu and click v v

Wi Select Crops or Land Cover f_or BrancILcatE}lmE i_-:_ - = | 5
Mumber of crops or cuttings per year m 6
7
Crop or Land Cover Sggzgn ;I;ﬁlglilg PIS;EQQ Elilfgti 8
Length Month g
Potato 105 Feb elect. . Jd 10
January * 1
February * 12
March * 13
April * 14
May * 15
June ¥ 16
Edit Crop Library ? Help V’ 5a July 5 17

ﬂ Note that any days not under cultivation by a crop will automatically use the characteristics of the
crop named "Fallow" in the Crop Library. You do not need to add Fallow in the Crop Scheduling
Wizard since it is automatically added. Then the cropping pattern will be as follow:

Feb 13 Jun 17

Fallow Potato Fallow

4. Repeat this procedure for the other two branches “Agriculture Catchment/Green Pepper Field”
and “Agriculture Catchment/Wheat Field”. The Green Pepper and the Wheat crop are under the

categories “Vegetables - Solanum Family” and “Cereals”, respectively.
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Once you have completed all the tasks, the “Crops” tab should look like this:

WEAP-MABIA Tutorial

- Uther Assumptions Scheduling Wizard.

Agriculture Catchment | 2000

Patata Field CropLibrary["Potata”, Feb 13)
Green Pepper Field CropLibrary["Green Pepper’’, May 5]
“Wheat Field CropLibrary["heat", How 17)

i Ry Assumptiorss Data for: | Current dccounts (2000) | |« Manage Scenarios [ Data Expressions Report
&1+ Demand Sites and Catchments =
-+~ Bia City (landUse  Climate ] Irrigation } Lossand Reuse ) Yield ) Water Quality ] Cost J Priority )
[=-{Agriculture Catchment ’ = "'J = ") = ‘) —") = —"’I =
- Potato Field i
Advanced
Green Pepper Figld —/J
- Wiheat Field Effective Precipitation l Surface Layer Thickness Initial Depletion I
- Hydralogy
- Supply and Resaurces Area Crops Soil Water Capacity M awirnurn [rfiltration B ate I
- W ater Quality
Choose crop(s) from the crop library and set planting date(s)--double click cell to use Crop 7 Help

m | »

1

Soil Water Capacity

In the WEAP-MABIA model, the most relevant soil
hydrological property determining the soil water
balance is the available water capacity. It is assumed
that the soil profile as a whole is vertically
homogeneous and characterized by identical water
retention properties. The available water capacity or the
total available water (TAW) can then be calculated by
water content at field capacity point (FC) minus water

content at wilting point (WP).

Deep Percolation
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Available Soil Water Capacity refers to the capacity of a soil to retain water available to plants.

After heavy rainfall or irrigation, the soil will drain until field capacity is reached. Field capacity

is the amount of water that a well-drained soil should hold against gravitational forces, or the

amount of water remaining when downward drainage has markedly decreased. In the absence of

water supply, the water content in the root zone decreases as a result of water uptake by the crop.

As water uptake progresses, the remaining water is held to the soil particles with greater force,

lowering its potential energy and making it more difficult for the plant to extract it. Eventually, a

point is reached where the crop can no longer extract the remaining water. The water uptake
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becomes zero when wilting point is reached. Wilting point is the water content at which plants

will permanently wilt.

As the water content above field capacity cannot be held against the forces of gravity and will
drain and as the water content below wilting point cannot be extracted by plant roots, the
available water capacity or the total available water (TAW) in the root zone is the difference

between the water content at field capacity and wilting point.

TAW is the amount of water that a crop can extract from its root zone. TAW of a soil depends on
pore volume and pore size distribution and therefore vary with soil physical properties such as
texture class and bulk density. Beside these influencing factors, its magnitude depends on the
rooting depth.

Although water is theoretically available until wilting point, crop begins to experience stress well
before the wilting point is reached. Readily available water (RAW) is the fraction of TAW that a
crop can extract from the root zone without suffering stress and is expressed in the MABIA

model as the product of TAW and the depletion factor, p (p is defined in the Crop Library).

% silt 100 4
15
silt
80
o - 21
silt loam 17
silty
clay
50 leam | 14
loam silty clay
‘o -4
17 | 14
cla
30 - sandy loam | Ioallln
clay
13 \ 12
sandy
clay
loam 9
sandy clay
LI L T L T T T L T
0 5 81217 2530 35 45 65 % clay 100

Figure: Available water capacity per FAO soil texture class.
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WEAP comes with a built-in “Soil Library” that provides typical values for SAT, FC, PWP and
the Available Water Capacity for the 12 textural classes. You can edit this library or add to it.

+ Add EH Rename = Delete B3 Copy | & Import.. [ Export...

Unfortunately, direct measurement of the water content at saturation (SAT), field capacity (FC)
and wilting point (PWP) is labour intensive and impractical for most applications in research and
management, generally cumbersome, expensive and time consuming, especially for relatively

large-scale area.

Therefore, WEAP-MABIA comes with a built-in “Soil Profiles Wizard” which allows the
estimation of the average soil water capacity (saturation, field capacity and wilt point) using one
of seven available Pedotransfer Functions (PTF), in order to determine the Soil Water Capacity
for catchment land use branches in the “Data View”, under “Land Use”. Using this wizard, you
can average water content values over several soil profiles (sampling sites) and soil horizons
(layers). This wizard is designed to average available water capacities from several soil and rock
layers but does not allow to allocate awc values from individual soil horizons to rooting depths of
a specific crop of a specific growth stage. The seven available PTFs are chosen so they can be

used with different scenarios of basic soil data availability.

The basic soil data that can be used are: The particle size distribution (%Clay, %Silt and %
coarse fragments) and/or the bulk density (BD) and/or the percentage of the soil organic matter
(%OM). In a first step the available water capacity is derived from information on soil texture,
bulk density and organic matter, afterwards the final result is calculated by subtracting the

volume that is filled out by coarse fragments.
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WEAP-MABIA offers three options to input SAT, FC and WP (all available on the drop-down

menu in the data grid):

{ Land Use ‘

_Advanced "}

Effective Precipitation |

Area I

_Climate) .Irrigation)' Loss and Reuse) 'Yleld) Water Quality) _Cost) 'Priority)

Surface Layer Thickness | Initial Depletion I

Soil Water Capacity

Available water holding capacity [AWC) of soil (Field Capacity (FC) minus Wilt Point (WP)). as a
% of volume. Enter Soil Properties directly (FC and WP). OR choose Soil Type from Soil Library,
OR use Soil Profiles Wizard for averaging multiple datapoints or horizons (layers).

Mazximum Infiltration Rate I

? Help |

Crops

l Unit l

- Table I Notesl

Enter Soil Properties directly
Choose from Soil Library
Soil Profiles Wizard

Agriculture Catchment | 2000 IScaIe 2
Potato Field k . choose from Soil Library, or use Soil Profiles Wizard ;l Percent ‘ |= ‘
Green Pepper Field B Expression Builder i
Wheat Field <

Soil Water Capacit,

Edit Soil Library

For this example you will be exercising on:

- Entering the soil properties directly

- Using the “Soil Library”

o The “Soil Profiles Wizard” will be discussed and described in details in a separate chapter. See the

section titled "Using the Soil Profiles Wizard" for more details.

The soil data to use are as follows:

Branch Saturation  Field Capacity ~ Wilting Point Coarse Fragments
Potato Field 51.8 325 21.4 0
Green Pepper Field 47.8 36.2 21.8 0
Wheat Field 40.7 35.8 24.3 0
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Enter the soil properties directly

WEAP-MABIA Tutorial

1. Select the empty cell in front of the “Potato Field” heading.

2. Then select the “Enter Soil Properties
directly” option from the drop-down menu in
the data grid of the “Soil Water Capacity” tab.

Expression Builder

Enter Soil Properties directly
Choose from 5oil Library 4
Soil Profiles Wizard

Edit Soil Library

3. A window will appear into which you enter the saturation, field capacity and wilt point of the

Potato Field branch. Then click on “Save”.

s !
W Soil Properties (all values are %5 volume) I.Elgli_hj
Coarse Available Water
Saturation  Field Capadty  Wilt Point Fragments Capacity
| 5180 | 325 | 2640 | 0.00 11.1

o Save | X Cancel |

4. Repeat the same steps to enter the soil properties for the “Green Pepper Field”.

Q If the soil properties of one branch are the same as those of another branch, you can copy and paste
the expression from one branch to another.

Enter the soil properties from the “Soil Library”
You are going to use the “Soil Library” to enter the soil properties for the “Wheat Field”.

1. Select the empty cell in front of the “Wheat Field” heading.

2. Then select the “Edit Soil Library”

Expression Builder

option from the drop-down menu in Enter Soil Properties directly

the data grid of the “Soil Water

Choose from Soil Library r
Soil Profiles Wizard

Capacity” tab Edit Soil Library
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W Soil Library (for use with catchment method "MABIA”) =N
. . . Soil Types
A window will appear into + Add E5' Rename B2 Copy | & Import... [ Export..
which you have the typical -
. Soi Properties, as & % of volume
values for the soil Texture Class :
) . Available
H H Saturation — . Water
properties of the 12 soil Capadty | POt | capacty | |
Bcl= 38.50 34.07 22,34 1.73| |5
Classes' Clay loam 39,00 30,99 16,55 14,44
Consolidated Rock 0.00 0.00 0.00 0.00
Loam 43.40 27.50 10.93 16.57
Loamy sand 40,10 14,90 4,54 10,36
Sand 41,70 10,35 2.42 7.93
Sandy day 32.10 27.64 13.27 9.37
Sandy day loam 33.00 25.13 12,16 12.97
Sandy loam 41,20 23.74 3.02 15.72
Silt 47.00 32.00 17.00 15.00
Silt loam 43.60 34.52 13.12 21.40
Silty day 42,30 36,72 22,45 14,27
Silty day loam 43,20 36.02 19,38 16.64 i
Motes for: Clay
Clay is the finest textured of all the soil dasses, Clay usually forms extremely hard dods or
lumps when dry and is extremely sticky and plastic when wet, When containing the proper
amount of moisture, it can be Tibboned out” to a remarkable degree by squeezing between
thumb and forefinger, and may be rolled into a long, very thin wire,
From "Soil Texture,” by Randall B. Brown, Univ. of Florida: htip: /fedis.ifas.ufl.edu/S5169
? Help \/ Close
i — =

Give a name to the soil of the “Wheat Field”. Let it be “My New Soil”.

3. Click on the button ¥ 299 t0 add a new soil to the | Add new texture class |
Iibrary. Mame:
|My Mew Soil

4. In the “Add new texture class” window enter the name

QK | Cancel |

of your new soil as shown in the figure. Then click “OK”.

The new soil texture will be added to the existing list.

5. Enter the soil properties of your new soil as shown below then click ﬂl to validate

your data.
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+ Add [&'Rename = Delete B Copy (& Import.. [ Export...

-~
Soil Properties, as a % of volume

Texture Class . o e Avalable

Saturation | capacty | Point c:’pztg'w
Loam 43.40 27.50 10.93 16.57
Loamy sand 40.10 14.90 4.54 10.36

My New So . 35.80 24.30 11.50]

Sand 41.70 10.35 2.42 7.93
Sandy day 32.10 27.64 18.27 9.37
Sandy day loam 33.00 25.13 12.16 12.97
Sandy loam 41.20 23.74 8.02 15.72
Silt 47.00 32.00 17.00 15.00

6. In the “Data View”, under the “Soil Water Capacity” tab, click the empty cell in front of
“Wheat Field” then point on “Choose from Soil Library” option of the drop-down menu. You
should see a list of all the available soil textures in your library. Look for “My New Soil” and

select it.

Effective Precipitation | o

Surface Layer Thickness .
Silty clay

Area Crops Soil v ater Capacity Clay

Available water holding capacity [A B Consolidated Rock

% of volume. Enter Soil Properties KArEssIon Butlder .

OR use Soil Profiles Wizard for ave Enter Soil Properties directly My New Seil
Agriculbure Catchment | 2000 Choose from Seil Library <Edit Soil Library=
Puatato Field SoilProperties[43. Soil Profiles Wizard
Green Pepper Field SoilProperties[47. i
‘wheat Field | it Soil Library

If you have completed all the above tasks, your screen should look like the one shown below:
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W WEAP: MAEIA_Tutorial [ =] & [z

MArea  Edit View General Tree Advanced Help
- Key Assumptions Data for: | Reference (2001) « | |#% Manage Scenarios (1] Data Expressions Report
z\. [=1- Demand Sites and Catchments

-~ BigCiy Land Use-. Climate Trrigation ) Lossand Reuse J Yield ] Water Quality J Cost Priority )
¢ E|Agriculture Catchment ) = ) = /J = /J —/J - —/j -
- Potato Field 3
: Advanced
Green Pepper Field —/]
- wheat Field Area ] [METER S oil ' ater Capacity | Masirnurn Infiltration Flatel Effective Precipitation] Surface Laper Thicknessl
[#- Hudralogy
- Supply and_HESDU'CES Available water holding capacity [(AWC)] of zoil (Field Capacity (FC) minuz Wilt Point (WP]]. as a 2 Help
[#- Wwiater Cuality % of volume. Enter Soil Properties directly [FC and WP). OR chooze Soil Type from Soil Library, -
o Other Assumptions OR use Soil Profiles Wizard for averaging multiple datapoints or horizons (layers).
Agriculture Catshment [2000 | 2001-20m |scale  Junit | -
Potato Field SoilProp... SoiProperties(51.8. 325, 21.4.0) Percent =
Green Pepper Field SoilProp... SoiProperties(47.8, 36.2, 21.8.0) Percent
\E |..;—, Wwheat Field SoilProp... SoiProperies(40.7, 35.8, 24.3.0) Percent A8

m Table l Notesl

Soil W ater Capacity

=) .

. v Potato Field i

20 [ — Graen Pepper Field @

- 10.01 rd Wheat Field -

s 807 *

B

~~art Go% 401 Iy

A Y =

A N 20 -

« r 0.0 =

j 2000 2001 "

WEAP: 30004 || Area: MABIA Tutoral | 2000-2007 [monthly] | Data Wiew | Licensed to: Mohamed Jabloun, INAT, Tunisia, until 03/07 /2012

L J

Maximum Infiltration Rate

The Maximum Infiltration Rate is the water depth that can infiltrate into the soil over a 24 hour
period. There are several factors affecting a soil's infiltration rate: in general sandy soils tend
towards higher hydraulic conductivities while clayey soils are characterized by lower values.
Soils with a crust have sealed pores that restrict water entry. Similarly, compacted soils will have
lower infiltration. Soils with strong aggregates, like those with granular or blocky structures, have
a higher infiltration rate than soils with weak structures. Infiltration rates are usually higher when
soil is dry and decrease with wetter soil. If daily precipitation exceeds this rate, the excess will
run off. The value entered here is not needed for calculations of the soil water balance and is only
used to partition rainfall into surface runoff and infiltration. If no value is entered, gross

precipitation equals net precipitation and all rainfall water is available for infiltration.
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Typical values of the Maximum Infiltration Rate for the 12 textural classes are given in the table
below (from “Davis , A. P. and McCuen, R. H. 2005. Stormwater Management for Smart
Growth. Springer Ed.”, 377p).

Soil Class Maximum Infiltration Rate
(in./hr) (mm/day)*
Sand 5.0 3048.0
Loamy sand 1.5 914.4
Sandy loam 0.8 487.7
Sandy clay loam 0.4 243.8
Loam 0.4 243.8
Clay loam 0.25 152.4
Silty loam 0.20 121.9
Sandy clay 0.15 91.4
Silt 0.15 914
Silty clay loam 0.08 48.8
Silty clay 0.04 24.4
Clay 0.02 12.2

*converted by considering: 1 inch = 25.4 mm

Leave it blank for the three “Agriculture Catchment” branches.

Effective Precipitation l Surface Layer Thickness l |nitial Drepletion

Area l Crops l Soil " ater Capacity b aximurn [nfilration Fate

Water depth that can infiltrate into the zoil over a 24 hour period, and will vary according to soil |
type. slope. and rain or irnigation intenzity. If daily precipitation exceeds this rate, the excess will
run off. Leave blank to ignore.

Agriculture Catchment | 2000 Scale |L|nit | | »
Puotato Field i Aday E
Green Pepper Field i Aday

Ywheat Field i Aday il
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Effective Precipitation

The effective precipitation is defined as the percentage of rainfall available for

evapotranspiration. The remainder is direct runoff.

Suppose that only 80% of the rainfall is considered as effective. Therefore, 20% of this rainfall

will be lost as direct runoff.

Leave it blank for the three “Agriculture Catchment” branches to consider that 100% of

the rainfall is available for evapotranspiration.

Surface Layer Thickness

In the MABIA model, the crop transpiration and

Transpiration

the evaporation from the exposed soil layer are

Evaporation
calculated separately. Thus, the surface layer
thickness parameter (Ze) represents the depth of the ééééé
surface soil layer that is subject to drying by way of /17777

evaporation. When no specific value for Ze is

entered, an effective depth of the soil evaporation

Rooting Depth

layer of 0.10 m assumed.

In some regions of the world, e.g. under climatic conditions of Central Europe, lower surface
layer thicknesses of 0.02 — 0.03 m and resulting simulation results better fit to locally observed

evaporation rates.

Leave it blank for the three “Agriculture Catchment” branches to consider that the surface

soil layer is 0.1 m depth.

Initial Depletion
The initial depletion is the initial value of the soil moisture depletion on the first day of the
calculation period. Zero depletion means that the soil water content is close to soil water

contents at field capacity. However, the maximum depletion value is the available water capacity,

as specified under “Soil Water Capacity” and means that the soil was initially dry.

Leave it blank for the three “Agriculture Catchment” branches.
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Enter the Appropriate Climatic Data

The MABIA method requires daily information concerning the weather conditions. Those
conditions determine the amount of water that can infiltrate into the soil profile and that can be
extracted by the evaporation from the surface soil layer and the crop transpiration. The required

daily climatic data are:

- Rainfall depth, which is the amount of water collected in rain gauges installed on the field
or at a nearby weather station (mm);
- Evaporative demand of the atmosphere for the given weather conditions. It is given by the

evapotranspiration of a reference surface, ETref (mm day™).

However, data on the reference evapotranspiration are most of the time unavailable. That’s why
the WEAP-MABIA model comes with different options to calculate ETref considering different
scenarios of climatic data availability and using the Penman-Monteith equation as recommended
by the FAO-56. Required climatic parameters to calculate ETref by the Penman-Monteith

approach are:
- daily minimum and maximum temperature (° C),
- daily average relative air humidity (%),
- daily wind speed measured at 2 m height (ms™),

- daily solar radiation (MJ m™) or alternatively daily duration of sunshine (h).

Daily wind speed is also used to correct the K¢, values during the mid-season and the late-season

stage, and additionally daily minimum relative air humidity is required for the same purpose.

These different options to estimate ETref will be discussed and presented in a separate chapter.

See the section titled "The Climate Calculation Module" for more details.

ﬂ Because the MABIA method calculates on a daily time step, you will need daily data for most climate
parameters (which will typically be read from a text file). However, if you only have monthly data, it
can be disaggregated into daily data using several different methods. See the section titled
"Disaggregating Monthly to Daily Data" for more details.
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Import Climatic Data

Import climatic data from a comma-separated text file containing all the required climatic
parameters for the year 2001. For that, you need to have the file “DailyClimate.csv”’ under the
folder “Tutorial” in your area’s folder. You can download the file from

http://www.bgr.bund.de/IWRM-DSS .

To import the climatic data, use the “ReadFromFile” function in the Climate’s data tab in the

“Demand Sites and Catchments\Agriculture Catchment” branch of the Data tree.

Type in the following expressions, which will read the file for each of the required climatic

parameters:
Climatic Parameter Column Number Function
Precipitation 1 ReadFromFile(DailyClimate.csv,1)
ETref 2 ReadFromFile(DailyClimate.csv,2)
Min Humidity 4 ReadFromFile(DailyClimate.csv,4)
Wind 3 ReadFromFile(DailyClimate.csv,3)

Go under the “Reference” scenario and click on the “ETref” tab to check if you can see the

following screen. Go back to the “Current Account” to fill the other parameters.
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|#£ Manage Scenarios [ Data Expressions Report

Land Use ) | Climate _Irrigatinn) Loss and Reuse) Yield ) Water Quality 1 Cost j .Priurity) _Aduancedj
Wind l Solar R adiation l Sunzhine Hours l Cloudiness Fraction l Krs l
Frecipitation din Temperature I Max Temperature I Min Hurnidity I b ax Hurmidity I Average Humidity I

E N [P eference (20071 16

Daily Evapotranspiration [ET] for a reference land clazs. If blank, WEAP will calculate uszing 2 Hel
Penman-Monteith equation. ﬁ

Demand Sites and Catchmend 2000 | 2001-2001 |scale  funt | -
Agriculture Catchment ReadFro... ReadFromFile(D ailyClimate. cew,2] mm

m Table l Note&l

8.0
757
70
6.5 1
6.0
5.5
2.0
4.5
410
3354
3.0
251
201
1.5
1.0
0.3
0':' T T T T T T T T T T T T T T T T T T T T
0119705120 10001/ 1600 240037 30004/ 0008/ 120070 1708 2300/ 29107 04120 10001/ 157020 24503 29004/ 006/ 114007 1708/ Z20% 2810/ H—il-
1999 1999 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 2001 2001 2001 2001 2001 2001 2001 2001 2001 b

-

E Tref [daily)

i O

=A

mm

Bol Q- w0

Enter the Appropriate Irrigation Data

Irrigation is required when rainfall is insufficient to compensate for the water lost by
evapotranspiration. The primary objective of irrigation is to apply water at the right period and in
the right amount. By calculating the soil water balance of the root zone on a daily basis, the
timing and the depth of future irrigations can be planned. To avoid crop water stress, irrigations
should be applied before or at the moment when the readily available soil water (RAW) is
depleted (Depletion <= RAW).

Irrigation Schedule

The next step in using the “MABIA” model is to define the irrigation schedule. For each branch

of the Agriculture Catchment” is assigned an IrrigationSchedule expression.
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You can choose the irrigation schedule criteria and options,
using the “Irrigation Scheduling Wizard”, or choosing a

schedule already in use for the same crop. These two options

WEAP-MABIA Tutorial

are available on the drop-down menu in the data grid.

For the “Current Account”, we will assume the following expressions:

Expression

m

ulder

Irrigation Scheduling Wizard

Choose Schedule in Use k

Branch Expression
IrrigationSchedule(1, Feb 13, May 28, % of RAW, 100, % Depletion,
Potato Field 100)

Green Pepper Field

Wheat Field

IrrigationSchedule(1, May 5, Oct 31, % of RAW, 100, % Depletion, 100)

IrrigationSchedule(1, Nov 17, Jun 8, % of RAW, 100, % Depletion, 100)

These expressions will ensure that soil moisture depletion never goes below RAW so that no crop

water stress will occur. Scheduling options in dependence of ‘Irrigation Trigger’ and ‘Irrigation

Amount’ will be discussed and described in details in a separate chapter.

To input these expressions, select the “Irrigation Schedule” tab under the “Irrigation”

variable. Then, input the expressions given above. Use Copy and Paste.

Data for: |Eurrent Accounts [2000) ﬂ |#£ Manage Scenarios [L]) Data Expressions Report

Land USEJ;I _Climate) i Irrigatinn-. Loss and Reuse) _‘r‘ield) Water Qualit:,r) Cost ) Priority )

Advanced )

Irnigation Schedule  aEETR] Wettedl [rrigation Effiu:ienu:_l,ll Logz to Gruundwaterl Logz to Hunu:uffl

Agriculture Catchment

Choosze the irmgation methods and schedule. Leawve blank if no irmgation for this crop.

2000

T Help
| -

Patato Field

Green Pepper Field

Ywheat Field

ImgationSchedule(1, Feb 13, May 28, & of Ralw, 100, % Depletion, 100]
ImgationSchedule(1, May 5, Oct 31, & of Rdsw’, 100, % Depletion, 100]
ImgationSchedule(1, Mov 17, Jun 8, & of Rdsw’, 100, % Depletion, 100]

You can also define these expressions by
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1. Select the “Irrigation Scheduling Wizard” from the drop down menu.

2. Then click on ﬂl and WEAP will create the corresponding IrrigationSchedule
expression that embodies the data already defined by WEAP as defaults.

W Imrigation Schedule for Branch: Agriculture Catchment\Potato Field =HACIEL X

Number of irrigation schedules per year |1 5

Crop Irrigation Dates Irrigation Trigger Irrigation Amount it
Crop Season
Length | Start | End Period Method Value | Unit Method Value | Unit
Potato, Feb 13 - May 28 105 1 105 % of RAW 100 % %% Depletion 100 %

m

" Save | xgancel ‘

ond
(= s
i
=]

3. Repeat these steps for each of the branches of the “Agriculture Catchment”.

) The “Irrigation Scheduling Wizard” will be discussed and described in details in a separate chapter.

See the section titled "the Irrigation Scheduling and Crop Yield Module" for more details.

Fraction Wetted

Many types of irrigation systems wet only a fraction of the soil surface. For example, for a trickle
irrigation system, the fraction of the surface wetted, F,, may be only 0.4. For furrow irrigation

systems, the fraction of the surface wetted may range from 0.3 to 0.8.

Below are common values of fraction F,, for some irrigation systems:

Irrigation System Fw
Sprinkler irrigation 1
Basin irrigation 1
Border irrigation 1
Furrow irrigation (every furrow), narrow bed 06-1.0
Furrow irrigation (every furrow), wide bed 0.4-0.6
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Furrow irrigation (alternated furrows) 0.3-0.5

Trickle irrigation 03-04

For this example, click on the “Fraction Wetted” tab and enter the following data:

Branch Irrigation system Fw
Potato Field Drip irrigation 0.4
Green Pepper Field Furrow irrigation 0.7
Wheat Field Sprinkler Irrigation 1

D ata for: |CurrEnl Accounts [2000) j |« Manage Scenarios [] Data Expressions Report

Land UseJ;I _Climate) | Irrigatinn. Loss and Reuse ) Yield J ‘Water Quality J Cost J Priority )
Advanced )

Imigation Schedule SEEE RS

Fraction of zoil surface wetted by the irmgation system % Help

Default: 1
Agriculture Catchment | 2000 |
Potato Field 04
Green Pepper Field 07
‘Wheat Field

Imigation Efficiency l Lozs to Groundwater ‘ Lozs to Runoff ‘

m.| »

1

Irrigation Efficiency

Not all water which is applied to the field can indeed be used by the plants. Part of the water is
lost through evaporation, ‘Loss to Runoff’ (see page 33) and ‘Loss to Groundwater’ (see
page 33). To reflect these water losses, the field application efficiency (E;) has to be specified

into WEAP and is determined by using the following formula:

_ dpee X100

dgross

dgross:  Qross irrigation depth in mm
Oret: net irrigation depth in mm = gross irrigation minus water losses

E.: field application efficiency in percent
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If reliable local data are available on the field application efficiency, these should be used. If such
data are not available, the following empirical values from FAO recommendations for the field
application efficiency (E;) can be used:

System Type Application Efficiencies, Ea (%)

Pressurized systems

Sprinkler irrigation systems

Fixed set systems 70-80
Guns
Portable guns 60-70
Traveling guns 65-75
Center pivot and lateral move systems 70-85
Periodic move lateral 65-75

Microirrigation systems
Drip or line source systems

Surface 70-90
Subsurface 70-90
Spray systems 70-85
Bubbler systems 70-85

Gravity flow irrigation system

Open field ditch systems
Open ditch conveyance systems
Flow through 20-70
Tailwater recycle 30-80
Semi-closed conveyance

Flow through 30-70
Tailwater recycle 40-80
Subsurface conduit systems 40-80

Surface (flood) systems
Crown flood systems 25-75
Continuous flood (paddy) systems 25-75
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For this example, click on the “Irrigation Efficiency” tab and enter the following data:

Branch Irrigation system Irrigation Efficiency
Potato Field Drip irrigation 90
Green Pepper Field Furrow irrigation 60
Wheat Field Sprinkler Irrigation 70

Data for: |Eurrent Accounts [2000) ﬂ |#£ Manage Scenarios [L]) Data Expressions Report

Land USEJ;I _Climate) i Irrigatinn-. Loss and Reuse) _‘r‘ield) Water Qualit:,r) Cost ) Priority )

Advanced )
Irrigation Schedule l Fraction Wetbed S e g0 =il =0 | Loss bo Groundwater l Logs to Runaff l
% of supplied water available for evapotranspiration. If 100 iz available, leave blank. ¥ Help
Default: 100
Agriculbure Catchrent | 2000 Scale |L|nit | »
Patato Field a0 Percent
Green Pepper Field G0 Percent E
YWheat Field il Percent s

By entering an estimated value for “Irrigation Efficiency”, only the total amount of irrigation
water not available for evapotranspiration (100% - Irrigation Efficiency) is known. This water is
partitioned into evaporation, direct runoff to surface water and deep percolation to groundwater

(see flow chart on page 36). If these fractions are known, the user can specify them.
Loss to Groundwater

The “Loss to Groundwater” is defined as the percentage of the supplied water NOT available for

evapotranspiration (100% - Irrigation Efficiency), that percolates to groundwater.
Loss to Runoff

The “Loss to Runoff” is defined as the percentage of the supplied water NOT available for

evapotranspiration (100% - Irrigation Efficiency), that runs off to surface water.

ﬂ The amount of irrigation water which does not infiltrate or run off is assumed to evaporate.
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For this example, the following partitioning is assumed:

Branch Loss to Groundwater Loss to Runoff
Potato Field 80 0
Green Pepper Field 70 0
Wheat Field 70 0
Precipitation Rg:]ef(;::v(i) Remainder: Direct runoff
Y
P > Max.

/

Evaporation

A

Infiltration
rate?

Irrigation
Schedule

1- Irrigation
Efficiency

Surface

Yes: Remainder Water

Pem'a”"”-

A

Loss to Groundwater——

Loss to Runoff

Figure: Flow chart illustrating the calculation procedures of the different water Losses.

As visible from the above given flow chart, direct runoff to surface water is fed from three

different sources: the remainder from effective precipitation, the amount of rainfall exceeding the

maximum infiltration rate and one of three fractions diminishing irrigation efficiency. By this

way in WEAP the user can three-foldly influence the amount of surface runoff. Please notice that

surface runoff in WEAP is not determined by applying a process-based rainfall-runoff-model.
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Enter the Appropriate Yield Data

In irrigation schemes, crops, ideally, do not suffer from water shortages: irrigation water is

applied before the crops are under drought stress.

However, it may not be possible to apply the irrigation water exactly when it would be best; for
example, in a dry year the river may not have enough water to irrigate all the fields on time; the
farmers may be badly organized and lose too much water at the upstream end of the scheme, thus
causing problems downstream; the scheme management may decide to spread the available water

over a large area, thus allowing more farmers to irrigate, although less than the optimal amount.

In such cases of unexpected - or sometimes even planned - water shortages, crop yields are
presumed to decrease according to a simple, linear crop-water production function as defined by
the FAO Irrigation and Drainage Paper No 33. The yield response of the crop to the reduction in
evapotranspiration caused by soil water shortage is crop specific and may vary over the growing
season. Empirical coefficients to assess this yield response are given by FAO and are part of the

WEAP-internal “Crop Library” (see page 9).

»ﬂ Read the "“Yield” help topic (under the "“Calculation Algorithms/Evapotranspiration, Runoff,
Infiltration and Irrigation/MABIA Method” subheading in the Help Contents) for a more detailed

description on the yield reduction calculation.

Potential Yield

The “Potential Yield” is the maximum yield of the selected crop assuming an optimal supply of
water. This value will be used to estimate the actual yield using the crop-water production

function.

For this example, click on the “Yield” tab and enter the following data:

Branch Potential Yield (kg/hectare)
Potato Field 90
Green Pepper Field 60
Wheat Field 70

January 2012



36|Page WEAP-MABIA Tutorial

Market Price

This parameter defines the market price of the crops.

For this example, use the following data:

Branch Market Price ($/kg)
Potato Field 90
Green Pepper Field 60
Wheat Field 70

Save a version of your Area

. p .
Select “Save Version” under the “Area” menu. A | Enter Version Comment =5

window will appear asking for a comment to describe

this version. Type “Starting pOiIlt for all WEAP- |'§tar1jng point for all WEAP-MABIA module

MABIA modules”. This version will be used for the
QK | Cancel |

remaining modules.
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Getting first Results
Run the Model

Click on the “Results” view to start the computation. When asked whether to recalculate, click
yes. This will compute the entire model for the Reference Scenario - the default scenario that is
generated using Current Accounts information for the period of time specified for the project

(here, 2000 to 2001). When the computation is complete, the Results view will appear.

Confirm \ - h ﬁ )

Results are out of date. Do you want to recalculate now?

-

_, ........... E Es ........... ._ MD | Cancel

L - "

Check your Results

Click on the “Chart” tab and select “Demand” and “Water Demand” from the primary variable
pull-down menu @ in the upper center of the window. Also, select the branch “Agriculture

Catchment” of the “Demand Sites and Catchments” branch 12 .

To show only the results for the year 2001, select “Selected Years” from the X-axis variable

pull-down menu © in the lower center of the window and select the 2001 box (see below) then
click OK.

W Select [
I|Selected Branches . IMNZ Show? |Name A Al
148N Years [ 2000
Selected Years v T
Al Scenariog v MHone
Selected Scenarnios
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If you have entered all data as listed in previous steps, you should obtain the following monthly

demand values for each branch of the “Agriculture Catchment” of the Reference scenario:

Table | Map |

® |Water Demand (not including loss, reuse and DSM) F (|Thousand ~| ICubic Meter v|)
(2] |Branchﬂ Demand Sites and Catchments\Agriculture Catchment ~ | |5cenariu: Reference v | |AI| months (12) w | [~ Annual Total [~ Monthly Average

1100 1
1050 | |41l Branches ~|

1000 W [ WheatField
950 1 ~ Il Potato Field
900 1 [v & Green Pepper Field
350 .
800 .
750 1
700
650 -
600
550 -
50{) J
450 -
400 -
350
300
250 -
200
150 -

100
50
0

Nov Dec Jam Feb Mar Apr May Jun  Jul Awg  Sep Ot
2000 2000 2001 2001 2001 2000 2001 2001 2001 2001 2001 2001

e ISeIecledYeaﬂs (172) vI ™ Percent of Time Exceeded

=X

A W@

601 @€ ¢

Thousand Cubic Meter

OF G @2 EH

<«

Note the higher demand during March, April and May especially for Wheat.

Look at Additional Results

Now, look at the daily evolution of the soil water depletion for the “Potato Field” along with the
daily evolution of Total Available Water (TAW) and Readily Available Water (RAW) in
graphical form. Click on the “Chart” tab. Select “Catchments” and “Depletion and Available

Water” from the primary variable pull-down menu in the upper center of the window.
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m Tahble ] tap ]

|Depleti0n and Awvailable Water |: { - | [Meter =)

|Branch: Demand Sites and Catchmentshdgriculture CatchrentsPatata Fisld j |Scenario: Fieference ﬂ |AII Days [365) j [ Daily Average

0.00

001 Ny [l ariables - =
0.02- - - 1]
W — Readily Available Water @
| W = Soil Moisture Depletion
EE“ ¥ — Total Available Water =
006 £
0.07 - =
L
0.081
ad
0.09- =
. 010
£ 0111 )
. w
= gz
0131
0.14- 1
0.151
[1z5
0.161
0171 o
0.181 =
0.19- -
0.20 - e
0.21
| =]
ORI/ 20M1/ 12121 0200/ 2301/ 1302 0GAIG/ 27/03/ 17/04/ OB/0S/ 28/05/ 19/05/ 10A0T/ 3107/ 20008/ 114087 D20V 2310

2000 2000 2000 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001

Selected Years (1/2] - [~ Percent of Time Exceeded

£24

Note that the available soil water doesn’t go below RAW during the cropping cycle of the potato
crop and therefore no water shortage occurred, as expected, since the irrigation scheduling
options were chosen to ensure irrigating at the right period and in the right amount.

You can also verify if the crop had suffered or not from water shortage during the cropping cycle
by looking at the “ET Actual and Potential” graph. Actually, “ET Potential” represents the
amount of water that would be consumed by evapotranspiration in the catchment if no water
limitations exist, while “ET Actual” represents the actual amount of water consumed by
evapotranspiration in the catchment, including water supplied by irrigation, respectively. Hence,
if any water shortage occurred you will notice that “ET Potential” would be greater than “ET

Actual”, for the period for which water limitation was registered.

Select “Catchments” and “ET Actual and Potential” from the primary variable pull-down menu.
Format the graph by selecting the 3-D option on the left side-bar menu. The graph should look

like the one below:
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m Tahble | tap |
ET Actual and F'DtemiaIF ( L”Millimeterj)

IBranch: Demand Sites and Catchments'&ariculture Catchrentihaw/heat Figld LI IScenario: Fieference LI I»’-‘«II Days [365) LI [~ Daily Average

[l ariables = =
]
v [ ET Actual
[+ I ET Potential @
#
B
-

Millimeter

2000 2000 2000 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001

« oF Mo aso (&) B3 [ # o Bor a-g o

ISeIectedYears [172] vl [~ Percent of Time Exceeded

Note that ET Potential and ET Actual are equal because water is available for transpiration

without limitations due to optimal water supply by irrigation.

ﬂ Additional reports are available for catchments using the MABIA Method. You can read the “MABIA
Method Results” help topic (under the “Results/Available Reports/Catchments Results” subheading in
the Help Contents) for a more detailed description of the available reports.
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The Irrigation Scheduling and
Crop Yield Module
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Q Objectives: Present the steps required to input an irrigation schedule.

Data files: WEAP-MABIA, Tutorial.zip

Description of the irrigation input options

You can choose the irrigation schedule criteria and options, Expression Builder

using the “Irrigation Scheduling Wizard”, or choosing a Irrigation Scheduling Wizard

. . i [
schedule already in use for the same crop. These two options Choose Schedule in Use

are available on the drop-down menu in the data grid.

Q Leave the expression blank if there is no irrigation for this crop or land cover.

The “Irrigation Scheduling Wizard” is used in conjunction with the MABIA Method for
catchment hydrology and crop water requirements. It is accessible via the drop-down menu on

the data grid for the "Irrigation Schedule™ variable under Irrigation.

W Irrigation Schedule for Branch: Field - - - = | B |-

Number of irrigation schedules per year |1 %5 o

Crop e Irrigation Dates e Irrigation Trigger 6 Irrigation Amount it
e Crop Season
Length | Start | End Period Method Value | Unit Method Value | Unit
Potato, Feb 13 - May 28 9 105 1 105 ~| 100/% |EEEeW vl 100/%
Fixed Interval i =
% of RAW Fixed Depth
%% of TAW %% of RAW
Fixed Depletion % of TAW
? Help  Save | X cancel |

At the top of the wizardo, you can select the number of irrigation schedules per year for the
crop in use. Leave it to 1 if the same irrigation criteria will be used for the whole cropping

season.

ﬂ If you want to set two different irrigation criteria for two different periods, then you would enter 2.
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If the irrigation schedule expression is initially blank, then you will notice that WEAP will
automatically add the crop name in use, and set the default irrigation schedule: triggered at 100%
of RAW, with an application of 100 % of Depletion. This will ensure that soil moisture depletion

never goes below RAW so that no crop water stress will occur.
The Irrigation schedule options

Of course, you can make changes to these defaults and here are short descriptions of the different
options that WEAP-MABIA offers:

-0 Crop: Choose the crop for the irrigation schedule. Only the crops already chosen for this
branch are available here for selection. For example, if you had Potato and Ray grass as chosen
crops for this branch, then you can chose from the crop field to set the irrigation criteria only for

potato and don’t choose Ray grass. Therefore, Ray grass will be considered as a rainfed crop.

- © Crop Season Length: The season length from the Crop Library for this crop (the sum of all

four crop stages). It is displayed for information when you select a crop.

-0 Irrigation Dates: For the irrigation “Start Date”, you have to enter the number of the day on
which this irrigation schedule takes effect, counting from the first day of the crop season. To start
on the first day, enter 1. And for the irrigation “End Date”, you have to enter the number of the
day on which this irrigation schedule ends, counting from the first day of the crop season. To end
on the last day, enter the crop season length. Using this option, for the same crop you can define

different criteria for different periods.

-© Irrigation Trigger: WEAP-MABIA comes with 4 Irrigation Trigger Methods:

» Fixed Interval: Irrigate every N days, where N is specified in the T
Irrigation Trigger Value. Method Value | Unit
% of RAW: Irrigate when soil moisture depletion is greater than ~ Z2oilost 100 day
or equal to a specified % of Readily Available Water (RAW). To gﬂ Eﬁﬁj
prevent crop water stress, depletion should never exceed RAW, ~ [Fixed Depletion
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% of TAW: Irrigate when soil moisture depletion is greater than or equal to a specified %
of Total Available Water (TAW). To prevent crop death (permanent wilt point), depletion
should never equal or exceed TAW.

Fixed Depletion: Irrigate when soil moisture depletion is equal to or exceeds a specified

depth (in mm).

The Irrigation Trigger Value is the value that goes with the Irrigation Trigger Method:
days for the fixed interval method, % for the % of RAW or the % of TAW method and
mm for the fixed depletion method.

-0 Irrigation Amount: WEAP-MABIA comes with 4 Irrigation Amount Methods. The method

defines how much water to apply on days when irrigation occurs

% Depletion: Apply a specified % of the current soil water Irrigation Amount
depletion. Method Value | Unit
Fixed Depth: Apply a specified depth of water. % Depletion Jad IEBIIRE
%e Depleto
. e . . Fixed-DEpth
% of RAW: Apply a specified % of the Readily Available Water s, .rpaw
% of TAW

(RAW) level, regardless of the current soil water depletion.

% of TAW: Apply a specified % of the Total Available Water (TAW) level, regardless of
the current soil water depletion.

The Irrigation Amount Value is the value that goes with the Irrigation Amount Method: %
for the % Depletion, the % of RAW or the % of TAW method and finally mm for the fixed
depth method.

Let us now consider this example:

You want to set three irrigation criteria for Potato:

- From day 1 to day 30 (vegetative establishment period) you want to irrigate every 5
days with a fixed water depth of 20 mm.

- From day 31 to day 90 you want to irrigate when 90% of RAW is depleted and you
want to irrigate with the same lost amount (that means 100% of the depletion)

- Fromday 91 to the end of the cropping cycle, you don’t want to irrigate.
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Therefore, the Irrigation Schedule Wizard should look like this:

W Immigation Schedule for Branch: Agriculture Catchment\Potato Field S F———— = | (=] [

Number of irrigation schedules per year |2 5

Crop Irrigation Dates Irrigation Trigger Irrigation Amount i
Crop Season
Length | Start | End Period Method Value | Unit Method Value | Unit
Potato, Feb 13 -May 28 105 1 30 Fixed Interval 5 day |Fixed Depth 20 | mm -
Potato, Feb 13 -May 28 105 31 30 % of RAW 100 | %% % Depletion W00 |%

m

)
I
i
=]

¢§ave | xgancel |

) Each row of the table defines one irrigation schedule.

Now let us now consider this example:
You want to set three irrigations for Wheat:

- Day 30, an irrigation of 25 mm.
- Day 80, an irrigation of 50 mm,

- And day 120, an irrigation of 100 mm

Therefore, the Irrigation Schedule Wizard should look like this:

W Imgation Schedule for Branch: Agriculture Catchment\Wheat Field =REC X

Mumber of irrigation schedules per year |3 =

Crop Irrigation Dates Irrigation Trigger Irrigation Amount it
Crop Season
Length | Start | End Period Method Value | Unit Method Value | Unit
Wheat, Nov 17 - Jun 8 204 30 30 Fixed Interval 1 day Fixed Depth 25 mm
VWheat, Nov 17 - Jun § 204 80| 80 Fixed Interval 1 day Fixed Depth 50mm [
Wheat, Nov 17 - Jun 8 204 120 120 Fixed Interval 1 day Fixed Depth 100 | mm
? Help

Jgave | xgancel |
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ﬂ Note that if there is not enough water to satisfy the irrigation water needs as calculated by MABIA
using the specified irrigation schedule, then WEAP will reduce each calculated irrigation within the
defined time step by the percentage of irrigation water requirements that are not met. This
percentage of unmet demand goes from 0% (delivery of full requirement) to 100% (no water

delivered).

MABIA runs for one WEAP time step
» and aggregate respective water
balance fractions

Reduce each calculated irrigation by
No— the % of irrigation demand that is not
met

Enough water by
WEAP to satisfy the
irrigation demand?

Y

Run MABIA for the same Time step
with the new irrigation input and
Yes update the water balance fractions

i

Next Time
Step

A

Figure: Flow chart illustrating the operating mode of the irrigation module

Creating and running Irrigation Scenarios

For this module you will need to have completed the previous module or have downloaded the
file “WEAP-MABIA tutorial.zip” and have it opened into WEAP. To begin this module, go to
the Main Menu, select “Revert to Version” and choose the version named “Starting point for all

WEAP-MABIA modules”.
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Create two New Scenarios to Model different Irrigation options

WEAP-MABIA Tutorial

Create a new scenario to evaluate the impact of 14 Add “a Copy = Delete & Ren:

irrigating every 7 days on the water balance = Current Accourts [(2000)

components. E}-I- Add  Cirl+A
Rename

1. Choose the menu “Area”, “Manage Scenario”, —  Delete Cirl+Del

right-click the “Reference” scenario and select

‘CAdd”-

2. Name this scenario “Irrigation Every | wy scenario Properties

7 Days”. M amne: |Irrigati|:un Every 7 Dayd

0K X Cancel

3. Add the description “This scenario looks at the impact of irrigating every 7 days”.

Irrigation Exvery ¥ Daps [2007]

Scenario Description:

W Manage Scenarios Iﬁ
e Add ;':l_.l Copy = Delete Rename
= Curent Accounts [2000] [rrigation Every ¥ Dayz iz baged on:
= Reference [2001] |Heference j

This scenario looks at the impact of
igating every 7 days

v Show rezults for this scenarnio
Uniheck to reduce calculation time

Show Al Show Mone & Close ? Help

4. Repeat the same procedure to add another scenario to evaluate the impact of using deficit

irrigations (that means to allow water shortage to occur) on the water balance components as well

as its effect on the yield reduction. Name this scenario “Deficit Irrigation” and add the

description “This scenario looks at the impact of using deficit irrigation”.
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Enter the Data for these Scenarios

Make the following changes in the Data view for the “Irrigation Every 7 Days” scenario:

1. Select the “Irrigation Every 7 Days” scenario in the drop-down menu at the top of the screen.
2. Select the “Irrigation Schedule” tab under the “Irrigation” variable.

3. Change the irrigation schedule for the Potato Field:

- Click the empty cell in front of “Potato Field” and select the “Irrigation Scheduling
Wizard” from the drop down menu.

- Change the Irrigation Trigger Method from “% RAW?” to “Fixed Interval” and change the
Irrigation Trigger Value from 100 to 7 days.

. Click = |

W Imrigation Schedule for Branch: Agriculture Catchment\Potato Field =HACI X
Mumber of irrigation schedules per year =
Crop Irrigation Dates Irrigation Trigger Irrigation Amount it
Crop Season
Length | Start | End Period Method Value | Unit Method Value | Unit
Potato, Feb 13 - May 28 105 1 105 Fixed Interval 7 day % Depletion 100|345
? Help J Save | x Cancel |

4. Repeat the same procedure to change the irrigation schedule for the “Green Pepper Field” and

the “Wheat Field”.

After completing all the tasks described above, the “Irrigation Schedule” tab will look like this:
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Data for: |Irrigatiu:un Every 7 Days [2001) ﬂ |#£ Manage Scenarios [L]) Data Expressions Report

Land Use) _Climate) i Irrigatinn-. Loss and Reuse) _Yield) Water Qualit}r) Cost ) Priority )

Advanced )

Irrigaticn Sehedule | NG R =] l Irrigation E fficiency l Logz to Groundwater l Logz to Runoff l

Choosze the irmgation methods and schedule. Leawve blank if no irmgation for this crop. ¥ Help
Agriculture Catchment |2000 | 2001-2001 | -
Patato Field Irrigation... ImigationSchedule(1, Feb 13, May 28, Fiked Interval, 7, & Depletion, 100] E
Green Pepper Field Irrigation... ImgationS chedule(1, May 5, Oct 21, Fixed Interval, 7, % Depletion, 100]

Ywheat Field Irrigation... lrigationSchedule(1, Mow 17, Jun 8, Fiked Interval, ¥, % Depletion, 100] il

) Note that the color of the data field changes to red after the change - this occurs for any values that

are changed to deviate from the “Reference” scenario value.

Make the following changes in the Data view for the “Deficit Irrigation” scenario:

1. Select the “Deficit Irrigation” scenario in the drop-down menu at the top of the screen.
2. Select the “Irrigation Schedule” tab under the “Irrigation” variable.

3. Change the irrigation schedule for the Potato Field. For that:

- Click the empty cell in front of “Potato Field” and select the “Irrigation Scheduling
Wizard” from the drop down menu.

- Change the Irrigation Trigger Value from 100 to 150 %. That means we will allow for a
water shortage of 50% of the RAW before irrigation is triggered off. For example, if
RAW is 40 mm, then irrigation will be triggered off only if 60 mm have been depleted.

. Click = |
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1

W Imigation Schedule for Branch: Agriculture Catchment\Potato Field =REACIEL X
Mumber of irrigation schedules per year =
Crop Irrigation Dates Irrigation Trigger Irrigation Amount i
Crop Season

Length | Start | End Period Method Value | Unit Method Value | Unit

Potato, Feb 13 - May 23 105 1 105 =5 of RAW 150 % %% Depletion 100 | %%
? Help J Save | x Cancel |
A

4. Repeat the same procedure to change the irrigation schedule for the “Green Pepper Field” and

the “Wheat Field”.

After completing all the tasks described above, the “Irrigation Schedule” tab will look like this:

Drata far: |DEfiDit [rrigation [20071] ﬂ |#£ Manage Scenarios [1] Data Expressions Report

Land Use) _Climate) . Irrigation . Loss and Reuse) _YieIdJ;l Water Qualit}r) Cost ) Priority )
Advanced )

Irnigation Schedule  aEETR] Wettedl [rrigation Effiu:ienu:_l,ll Logz to Gruundwaterl Logz to Hunu:uffl

Choosze the irmgation methods and schedule. Leawve blank if no irmgation for this crop. ¥ Help
Agriculture Catchment [2000 | 2001-2001 | -
Patato Field Irrigation... lmigationSchedule(1, Feb 13, May 28, % of Raw/, 150, & Depletion, 100] E
Green Pepper Field Irrigation... ImigationSchedule(1, kMap 5, Oct 31, % of Raws, 150, & Depletion, 100]

Ywheat Field Irrigation... IrmigationSchedule(1, Mow 17, Jun 8, % of Ray, 150, & Depletion, 100] il

Compare Results for the Reference and the Irrigation Scenarios

Compare, graphically, the results of the two scenarios we have established so far (Irrigation

Every 7 Days and Deficit Irrigation) with the reference irrigation schedule (for which no water

shortage has occurred).
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For example, select “Demand/Water Demand” from the primary variable pull-down menu. Click
in the drop-down menu to the right of the chart area, and select “All Scenarios”. Choose to show
only “Agriculture Catchment” demand by selecting it from the pull-down list in the upper left
pull-down menu of the Results window and select the “Annual Total” box. Your graph should be

similar to the one below.

Table | b ap |

IWater Demand {not including loss, reuse and DSM) F (| Thousand ;”Cuhic Meter |}

IBranch: Demand Sites and Catchments\&aniculture Catchmenttw/heat Figld ;I I.ﬁ.ll months [12) LI ¥ Annual Total [~ Monthly Average IND COmparisan vl

3 000 4 IAII Scenanios ;I -
2800 ]
v I Deficit Irrigation P
2600 ] v I Irrigation Every 7 Days
. v [ Reference ’E
-
2200 4 =
)
_ 20004 =
=
L 1800 o
2 [t=)
E 1600 -
E 1400 )
2 o
2 1200 4 [izg
1000 4
N
200
00 4 [
4
400 4
=1
200
D E
¥

ISeIectedYears [1/2) vl [~ Percent of Time Excesded

Note the lower Water Demand for Agriculture Catchment in the “Deficit Irrigation” scenario, as
expected. The “Irrigation Every 7 days” scenario leads to the highest Water Demand for

Agriculture Catchment.
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Next, look at “Depletion and Available Water” of the “Deficit Irrigation” scenario for the Wheat
Field. Use the primary variable pull-down menu to select “Catchments/ Depletion and Available
Water “

m Tahble ] tap ]

|Depleti0n and Awailable Water |: [ v | [Meter = |)

|Branch: Demand Sites and Catchments'dariculture Catchmentbwheat Fieldﬂ |Scenalio: Deficit lrrigation j |.-’-‘«||Days [365) ﬂ [~ Daily Average
0.000

\[ [l ariables - =
0.010 Hi
s W — Readily Available Water @
’ W — Soil Moisture Depletion
0.030 3 Total Available Water e
0.040 | ¥
-
0.050 I
0.060 | w
[}
. 0.070
z 5
= 0.080 @
0.090 ¥
0.100 peas
0.110 ]
P
0.120 - A
0.130 ] ()
(]
0140 | 4
]
0.1501 1‘-—' | =]
01;11;21;11r1zr12r 0204/ 23047 13002/ 0503 27103 1?momsxzaroar 19ﬁ:sr1cmw 31;0?1 21mr1imx ozrim wmr

2000 2000 2000 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001 2001

Selected Years (1/2] - [~ Percent of Time Exceeded

£24

Note that the available soil water goes below the readily available water during some periods of
the cropping cycle of Wheat. This water shortage will reduce the actual crop evapotranspiration
compared to ET Potential which means that the yield will be reduced as a response of the crop to

water shortage.
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Next, compare “Crop Yield” of the two scenarios with the reference. Use the primary variable

pull-down menu to select “Catchments/Crop Yield”

Table | Map |

Crop Yield F [IThousand ;”Tunne j}
IAII ;I IEranch: Demand Sites and CatchmentshAgriculture Calchmenl;l IAII Cropz [182) ;I INo companizan j
IAII Scenanios ;I .

28
6 | v [ Deficit Irrigation
v [ Irrigation Every 7 Days
29 v @ Reference
2.
20

Thousand Tonne
o s o oo
MR @ o

-
=
L

[=2]
L

« MF M @R E#H I b - me =

ISeIectedYears 172 vl [~ Parcent of Time Exceeded

Note that when using deficit irrigation, the yield was kept at an acceptable range for all
Agriculture Catchment branches considered together. This could be explained by a better use of

rainfall water and eventually by reduced water losses.
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Infiltration/Runcff Flow F (| Thausand | |Cuhic Meter v|)

IFlunoff.n’InfiIlration: Fiunaft/Anfiltration from Agriculture Catchment to Agriculture Groundwa LI IAII mohths [12] LI [ Annual Tatal [ Monthly dverage (S

Thousand Cubic Meter

a

1800 4
1700
1600
1500
1400
1300
1200
1100
1000
800 4
800
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600 -
300 4
400
300 4
200 1
100 1

0

€ -

IAII Scenanios ;I

v [ Deficit Irrigation
v [ Irrigation Every 7 Days
v [ Reference

« OB G E%EH D 0t 0-h @

ISeIectedYears [172] vl [~ Percent of Time Exceeded

m Tahble | b ap |

Infiltration/Runoff FIowF (|Thousand L”Cubic Meter j}

IFlunoff.n’InfiItration: FuroffAnfiltration from Agriculture Catchment to Main River LI I»’-‘«II ronths (12] ;I [V Annual Total [ Monthly Average IN:: comparizan vl

Thousand Cubic Meter

734
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65

60

35

50 4

451

40

35

30

251

20

IAII Scenanios ;I v

v [ Deficit Irrigation
v [ Irrigation Every 7 Days
¥ [ Reference

L=

O Wy aso (& 52 [ #H o Bor g€ o

£24

ISeIectedYears 172 vl [~ Parcent of Time Exceeded
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The Climate Options and

Calculation Module
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{J Objectives: Present the steps required to input available climatic data and to calculate ETref.
Data files: - WEAP-MABIA, Tutorial.zip
- ETrefDailyClimate.csv

- MonthlyPrecipitation.csv

Description of the Climate input options

The MABIA method requires daily information concerning the weather conditions. The required
daily climatic data for MABIA are:

- Rainfall depth, which is the amount of water collected in rain gauges installed on the field
or at a nearby weather station (mm);
- Evaporative demand of the atmosphere for the given weather conditions. It is given by the

evapotranspiration of a reference surface, ETref (mm day™).

Additionally daily wind speed and daily minimum relative air humidity are required to correct the

Kep Values during the mid-season and the late-season stage.

However, data on the reference evapotranspiration are most of the time unavailable. That’s why
the WEAP-MABIA model comes with different options to calculate ETref considering different
scenarios of climatic data availability (see below) and using the Penman-Monteith equation as
recommended by the FAO-56.

The climatic parameters that can be defined in WEAP-MABIA are:

Data for: |Eurrent Accounts [2000) ﬂ |#£ Manage Scenarios [1]) Data Expressions Report

Land Use ) L Climate-. _Irrigatinn) Loss and Reuse) _‘r‘ield) Water Qualit:,r) Cost ) Priority )
Advanced )

Wfind l YWind speed meazurement height l Altitude l Solar Radiation l Sunshine Hours l Cloudiness Fraction l Kz l

Precipitation | ETref l bin Temperature l b aw Temperature l Latitude l ki Hurnidity l k4 2w Hurnidity l Average Humidity l
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Precipitation .

Precipitation : This parameter is mandatory.

ETrel | ETref is the evapotranspiration from the reference

Reference evapotranspiration
surface, the so-called reference crop evapotranspiration or reference evapotranspiration,
denoted as ETref. The reference surface is a hypothetical grass reference crop with an
assumed crop height of 0.12 m, a fixed surface resistance of 70 s m-1 and an albedo of
0.23. The reference surface closely resembles an extensive surface of green, well-watered

grass of uniform height, actively growing and completely shading the ground.

»ﬂ Leave blank to calculate ETref using the Penman-Monteith equation.

Min Temperature | Max Temperature

Daily Minimum and maximum temperature . These two

parameters are mandatory to calculate ETref.

Latitude -*™% |. Latitude of the climate measurement station. This parameter is
mandatory to calculate ETref.
Altitude  “™ | Altitude of the climate measurement station. This parameter is

mandatory to calculate ETref.

Daily Minimum Relative Air Humidity =" fsmdt

. It is required to correct the K¢
mig-and Kep eng Values. If this parameter is left blank, then the default value (45%) will be
used. It is also used along with the maximum relative humidity in the calculation
procedure of ETref. When left blank, either maximum relative humidity or average
humidity will be used.

Maw Huridity | : ; i
SIHEY L 0t is used in the calculation

Daily Maximum Relative Air Humidity
procedure of ETref. If this parameter is left blank, the average humidity will be used
instead.

Average Relative Air Humidity Average Humidity

. It is used in the calculation procedure of
ETref. Only needed if data for maximum humidity are missing. If maximum and average
humidity are left blank, then an estimate will be made by assuming that the dew point

temperature is the same as the daily minimum temperature.
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- Daily Wind Speed Wind . i s required to correct the K¢y mig-and Kep eng Values. If this
parameter is left blank, then the default value (2 m s™) will be used. It is also used in the
calculation procedure of ETref.

wind speed t height | :
ME SPEED MESSUEMET NI | For the calculation of

- Wind Speed Measurement Height
evapotranspiration, the wind speed should be measured at 2 m above the surface.
However, an adjustment has to be made if the wind speed measurement height is different
from 2 m. If this parameter is left blank, then the default value (2 m) will be used. If
another value is entered, an adjustment is made automatically.

solarRadiaten 1. 14 s used in the calculation procedure of ETref. If

- Daily Solar Radiation
it is kept blank, then an estimate of the daily solar radiation will be calculated using
Sunshine Hours, Cloudiness Fraction or Hargreaves formula.

sunshine Hows . This is the actual number of daytime hours with no

- Daily Sunshine Hours
clouds. It is used to estimate the Daily Solar Radiation if missing. If this parameter is kept
blank, then the Cloudiness Fraction will be used. If both Sunshine Hours and Cloudiness
Fraction are left blank, then the Hargreaves formula will be used.

- Daily Cloudiness Fraction ~“™dnessFaction | 4o defined as the fraction of daytime

hours with no clouds (0.0=completely overcast, 1.0=no clouds). If this parameter is kept
blank, then the Sunshine Hours will be used. If both Sunshine Hours and Cloudiness
Fraction are left blank, then the Hargreaves formula will be used.

ks . krs is an adjustment coefficient for the Hargreaves radiation formula. The

- Krs
Hargreaves formula is an empirical model to modify potential evapotranspiration in
dependence of temperature and humidity when observed solar input is missing. Only
needed if neither Solar Radiation nor Sunshine Hours nor Cloudiness Fraction are

available. kgs can be set to 0.16 for interior regions and 0.19 for coastal regions.

»ﬂ More precisely krs can be calculated using the formula developed by Allen (1997):

P
krs = kro <P_0)

where, P is mean atmospheric pressure of the site (kPa); Po is mean atmospheric pressure at sea level
(101.3 kPa) and kg, is an empirical coefficient equal to 0.17 for interior regions and equal to 0.20 for
coastal regions.
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{J The daily climatic time series can either be read in WEAP from a file or entered in manually.

Creating and Running Climate Scenarios

For this module you will need to have downloaded the file “WEAP-MABIA tutorial.zip” and
have it opened into WEAP. To begin this module, go to the Main Menu, select “Revert to
Version” and choose the version named “Starting point for WEAP-MABIA, Climate modules”.

Preparing the Current Account

In this step we now want to see how different climatic data availability can be taken into account
in WEAP through scenario analyses to estimate ETref. We will use the “ReadFromFile” function

to read in from a CSV file (‘ETrefDailyClimate.csv’ in this case) the required daily climatic data.

With the “Current Account” selected, go into the data view and click on the “Agriculture

Catchment” branch under “Demand Sites and Catchments” in the Data tree.

W WEAP: MABLA_Tutonal

Area  Edit View General Tree Advanced Help

Key -"-‘*SSUI'QP“D”S D ata far: |Eurrent Accounts [2000) ﬂ I.i& Manage Scenarios [ Data Expressii
E\- = D_emand Sitez and Catchments -
-~ Big ity Land Use J { Climate  Irrigation ) Loss and Reuse J Yield J W

=-{&griculture Catchment]

‘... Potato Field ]
E Advanced
i Green Pepper Field 4")

~ Wheat Field find ‘ “Wind speed measzurement height ‘ Alitude | Solar Fadiation } Sur
[+ Hydralagy
[ Supply and Resources Precipitation l ETref l Min Temperature ‘ Max Temperature Mir
[+ " ater Cluality

- Other Assumplions Latitude in degrees

Demand Sitez and Catchment] 2000 |
Agriculture Catchment 36 |
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Select the “Climate” tab of the “Land Use” variable and enter the following data:

Latitude 36° 50 (enter the following expression 36+50/60)
Altitude 6

For the Precipitation and maximum and minimum temperature, we will use the “ReadFromFile”
function to read daily data in. For that, we need to know for each climatic parameter the

respective column number in the CSV file.

Open ‘ETrefDailyClimate.csv’ file into Excel and note that the column number for Precipitation,

maximum temperature (Tmax) and minimum temperature (Tmin) are 1, 2 and 3, respectively.

A B C D E F G H |
1 S$DateFormat=d/m/y
2 |;Column Number 1 2 3 4 5 6 7 8
3 ;Date Precip. (mm) Tmax (°C) Tmin (°C)| HRmax (%) HRmin (%) Rs (MJ/m#2/d) N (hour) Wind (m/s)
4 01/11/2000 0 21.51 11.95 99 51 10.12 8 0.16
5 02/11/2000 1 25.08 8.28 99 38 13.29 8 0.57
6 03/11/2000 0 21.38 14.36 90 50 8.51 8 1.77
7 04/11/2000 0 25.61 14.7 75 30 10.51 8 1.03
8 05/11/2000 0 24.05 14.31 99 45 9.84 7 0.61
n nc 11 Inann n 19711 11 1C nn cc c nNnc s n 7c
Enter the following data:

Precipitation | ReadFromFile(ETrefDailyClimate.csv,1)

Min T emperature | ReadFromFile(ETrefDailyClimate.csv,3)

Max Temperature | ReadFromFile(ETrefDailyClimate.csv,2)

Kis | 0.17 (This coefficient will be used if neither solar radiation nor sunshine

hours nor cloudiness fraction are available.)

Leave the other parameters blank. Therefore, the default values will be used.

ﬁ If the file ‘ETrefClimate.csv’ is not in the same directory of the WEAP area then you need to refer to
the full path of your climate file.
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Create Six New Scenarios to Model Different Climatic Data Availability

Rename the “Reference” Scenario in the Area\Manage Scenarios menu to “Minimum Data Set”
which represents using only Temperature to estimate ETref. Note that you must be in the Data
View or Schematic view to have access to the “Manage Scenarios” option in the Area menu.
Change its description to “Base Case Scenario with minimum climatic data set (only maximum
and minimum temperature) to calculate ETref”. All the other scenarios will be based on the

“Minimum Data Set” scenario.

Create a new scenario to evaluate the impact of using 4 Add b Copy = Delete
Maximum and Minimum Temperature and Wind = Current Accounts [2000)

Speed to estimate ETref on the water balance Tl add culen
components. Rename

=  [elete Ctrl+Del

1. Choose the menu “Area”, “Manage Scenario”,

right-click the “Reference” scenario and select “Add”.

2. Name this scenario “Temperature, W Add Scenaric Based on: Minimum Data Set lﬁ
Wing”. M ame: |Temperature,Wind
o 0K x Cancel

3. Add the description W Manage Scenarios Iﬁ
“This scenario looks at || 14 add “y Copy = Delete E&!Rename
the impact of using only = Current Accounts [2000] Temperature, Wind iz based on;

. = Minimum Data Set [2001] Minimum Data Set -
Temperatu re and Wind Temperature, 'wind [2001] | J
Speed to calculate Scenano Descrption:

s his scenario looks at the impact of
ETref”. using only Temperature and Wind
Speedto calculate ETref
v Show results for this scenarnio
Uncheck to reduce calculation time

Show Al Show MNone \/' Cloze ? Help
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4. Repeat the same procedure to add five additional scenarios to evaluate the impact of using

different scenarios of climatic data availability (that means different options to calculate ETref)

on the water balance components. Use the following data:

Scenario Name

Scenario Description

Temperature, RH

Temperature, RH and Wind

Temperature, RH and N

Temperature, RH and Rs

Full Data Set

Enter Climatic Data

This scenario looks at the impact of using only
Temperature and maximum and minimum Relative
Humidity (RH) to calculate ETref

This scenario looks at the impact of using
Temperature, maximum and minimum Relative
Humidity (RH) and Wind Speed to calculate ETref

This scenario looks at the impact of using
Temperature, maximum and minimum Relative
Humidity (RH) and Sunshine Duration (N) to

calculate ETref

This scenario looks at the impact of using
Temperature, maximum and minimum Relative
Humidity (RH) and Solar Radiation (Rs) to

calculate ETref

This scenario looks at the impact of using a
complete data set: Temperature, maximum and
minimum Relative Humidity (RH), Solar Radiation
(Rs) and Wind Speed to calculate ETref

Each Climate scenario represents a different set of daily climatic data availability.

Make the following changes in the Data view for the “Temperature, Wind” scenario:
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1. Select the “Temperature, Wind” scenario  pata for: | Il G E CEEAEGl ~

Current Accounts [2000]
kdirirnm Drata Set [2001]

|« Manage Scena

in the drop-down menu at the top of the . ior

screen. . Termperature, Wind (2001 |
_C':'St J Temperature, AH [2001]
) Temperature, AH and *ind [2007]
Freci Temperature, AH and M [20017]
Boser Temperature, AH and Bz [2007]
Full Drata Set [2001)
—

wind |

2. Select the tab and enter the following expression (make sure that you are in the “Data

View”, under the “Climate” variable):

Wind Speed ReadFromFile(ETrefDailyClimate.csv,8)

4. Repeat the same steps to enter the required climatic data for the remaining scenarios. For each
climatic parameter, select the correspondent tab and enter the following data (make sure that you

are in the “Data View”, under the “Climate” variable):

Scenario Climatic parameter Expression

Temperature, RH
Min Hurnidity | ReadFromFile(ETrefDailyClimate.csv,5)
Mas Humidity | ReadFromFile(ETrefDailyClimate.csv,4)

Temperature, RH and Wind

Min Hurnidity | ReadFromFile(ETrefDailyClimate.csv,5)

Mas Humidity | ReadFromFile(ETrefDailyClimate.csv,4)

Wind | ReadFromFile(ETrefDailyClimate.csv,8)
Temperature, RH and N

Min Hurnidity | ReadFromFile(ETrefDailyClimate.csv,5)

Mas Humidity | ReadFromFile(ETrefDailyClimate.csv,4)

Sunshine Hours | ReadFromFile(ETrefDailyClimate.csv,7)
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Expression

Temperature, RH and Rs

Min Hurmidity |

kd s Hurmidity .

Solar Radiation |
Full Data Set

Min Humidity |

kd s Hurmidity .

Solar Radiation |

wind |

ReadFromFile(ETrefDailyClimate.csv,5)
ReadFromFile(ETrefDailyClimate.csv,4)

ReadFromFile(ETrefDailyClimate.csv,6)

ReadFromFile(ETrefDailyClimate.csv,5)
ReadFromFile(ETrefDailyClimate.csv,4)
ReadFromFile(ETrefDailyClimate.csv,6)

ReadFromFile(ETrefDailyClimate.csv,8)

Compare Results for the Reference and the Climate Scenarios

Compare, graphically, the results of the seven scenarios you have established so far with the Full

Data Set scenario (for which Temperature, Relative Humidity, Solar Radiation and Wind are

used to estimate ETref).

For example, select “Catchments/Reference PET” from the primary variable pull-down menu.

Click in the drop-down menu to the right of the chart area, and select “All Scenarios”. Choose to

compare the scenarios to the full data set by selecting the option “Relative to Full Data Set” from

the comparison combo-box in the upper right corner of the Results window. Your graph should

be similar to the one below.
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m Tahble ] tap ]
Reference F'ETF [ « | |Milimeter | )

|Catchment: Agriculture Eatchmentﬂ |AIIDa_|,Js [365) j [T Daily Average |[FEENEGHEYINEERE] ~

|AII Scenanios j .
i
[¥ — Full Data Set @
[v —— Minimum Data Set
| [ — Temperature, RH 3
] I~ Temperature, RH and M &
™ Temperature, RH and Rs o
I Temperature, RH and Wind "
[ —— Temperature, Wind .
=
z
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E a
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Selected Years (1/2] - [~ Percent of Time Exceeded

£24

Note that the reference evapotranspiration (ETref) is underestimated when using only maximum
and minimum temperature as available climatic parameters with higher differences especially
during summer. The comparison of ETref estimates using limited data to those computed with
full data set revealed that there are systematic errors that can impede the estimation of ETref with
some discrepancies between the different scenarios. The difference between ETref obtained from

full and limited data set could have noticeable effects on the water balance components.

Next, compare the “Water Demand” of the seven scenarios to illustrate the effect of the
introduced errors on ETref on the water demand. Use the primary variable pull-down menu to

select “Demand/Water Demand”.
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m Tahble | tap |

Water Demand (not including loss, reuse and DSM) | R clkd |Cuhic Meter +|)

- ranch: Demand Sites and CatchmentsWagnculture Catchment - manths w | v Annual Tatal anthly Average |Relabive bo Full Data Set -
All B b D d 5i d Catchi i gricul Catchi All he [12) W A I Tatal [~ Monthly & Fielati Full Data 5§

0 IAII Scenanios ;I .
]
<oy v [ Full Data Set P
200 v I Minimum Data Set
v [ Temperature, RH ’E
-300 ¥ [] Temperature, RH and M =
_apn | ¥ [ Temperature, RH and Rs =
¥ [ Temperature, RH and Wind e
5 500 v I Temperature, Wind =
E —
E 500 =
-g —
o -T00 4 o
= ]
=
- -200 H
~ 900 | 2]
Cy Y
-1 000 A
-1 1001
[}
1200 - 2
-1 300 - S
-1 400
T n
2001

ISeIectedYears [172] vl [~ Percent of Time Exceeded

Again, note the higher water demand underestimation for the “Minimum Data Set” scenario.
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Disaggregating monthly to daily data

In cases where you have monthly data you may still be able to use them for the “MABIA
catchment method”, which requires daily data. For that you will need to specify a
Disaggregation Method when using the ReadFromFile function to read data from a text,
comma-separated value (CSV) file into any climatic variable.

Description of the Available Disaggregation Methods

Several different disaggregation methods are available: Interpolate, Repeat, Divide, and Divide

with Gaps.

Interpolate: Assume the monthly values are the values for mid-month; interpolate
between them to derive daily values. Typical use would be to derive daily temperature or
humidity or wind speed values from monthly averages. For example, if the temperature
was 3°C and 10°C, in January and February, respectively, the "Interpolate” method would
come up with the following daily values: January 16 = 3, January 17 = 3 + (1/29) * (10 -
3) = 3.24 (29 days between Jan 16 and Feb 14, so Jan 17 would be 1/29th of the way from
the Jan 16 value to the Feb 14 value), January 18 = 3 + (2/29) * (10 - 3) =348, .............. ,
February 13 = 3 + (28/29) * (10 - 3) = 9.76, February 14 = 3 + (29/29) * (10 - 3) = 10.

=
o N
J

Temperature (°C)

o N B O

16/1 21/1 26/1 31/1 5/2 10/2

Repeat: Repeat the monthly value for each day.
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Divide: Divide the monthly value evenly across each day of the month, for example, to
divide the monthly precipitation evenly onto every day. For example, if the January
rainfall was 62 mm, each day in January would have 2 mm.

Divide with Gaps: Divide the monthly value into a sequence of evenly spaced "events,"
such as rainstorms. The frequency of events is specified by the Disaggregation Method
Parameter. For example, if the January rainfall was 70 mm and the Disaggregation
Method Parameter was 5 (rainstorms every 5 days), there would be rainfall on these days:
Jan 1, Jan 6, Jan 11, Jan 16, Jan 21, Jan 26 and Jan 31.

The 70 mm of January rainfall would be evenly split across these seven events; therefore,
each event would have 10 mm. Note that the last event was January 31, which means that
the next event would occur on February 5 (5 days later). The first event will always occur

on the first day of the Current Accounts year.

12

]

11/1 16/1 21/1 26/1 31/1

1

o

(o]

D

I

N

If the climate file to read was MonthlyClimate.csv, the Temperature and the precipitation parameters
were in column 2 and 5, respectively, then the ReadFromFile function for the above disaggregation
examples would be:

- Interpolate: ReadFromFile(MonthlyClimate.csv, 2, 0, Interpolate)

- Repeat: ReadFromFile(MonthlyClimate.csv, 2, 0, Repeat)

- Divide: ReadFromFile(MonthlyClimate.csv, 5, 0, Divide)

- Divide with Gaps: ReadFromFile(MonthlyClimate.csv, 5, 0, Divide with Gaps, 5)

The 0 used in the expression of ReadFromFile function is to tell WEAP that there is no shifting for years
at all (offset = 0)
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When one of the offered disaggregation methods is applied on rainfall data, a monthly sum is
distributed over many single days. The algorithms described above result in uniform or almost
uniform distributions: rain occurs on every day (“Divide”) or every three/five/eight days etc.
(“Divide with Gaps™). These artificial temporal patterns do not correspond to temporal patterns
observed in nature: because (advective) rainfall events are linked to fronts of low pressure
systems, typically rainfall events are clustered, i.e. five or eight days with precipitation follow
five or eight days without precipitation. At present there is no WEAP tool to create these
clustered temporal patterns. When one of the offered disaggregation tools is applied, the model
simulates too much water in the uppermost soil layer available for evaporation. As a
consequence, evaporation rates are overestimated. The user should take into account these
effects; whenever possible the user should come back to real rainfall data of daily resolution.

Creating and running Disaggregation Scenarios

For this module you will need to have completed the first module or have downloaded the file
“WEAP-MABIA tutorial.zip” and have it opened into WEAP. To begin this module, go to the
Main Menu, select “Revert to Version” and choose the version named “Starting point for all
WEAP-MABIA modules”. Only the disaggregation of monthly precipitation is considered in this
example. You will need to download the file ‘MonthlyPrecipitation.csv .

Create Two New Scenarios to Model Different Disaggregation Methods

Create a new scenario to evaluate the impact of disaggregating monthly precipitation to daily

rainstorms using the divide method on the water balance components.

1. Choose the menu “Area”, “Manage Scenario”, right-click the “Reference” scenario and select
“Add”.

2. Name this scenario “Disaggregation, Divide Method”.

3. Add the description “This scenario looks at the impact of using the ‘Divide’ method to
disaggregate monthly precipitation”.

4. Repeat the same procedure to add another scenario to evaluate the impact of disaggregating
monthly precipitation to daily rainstorms using the ‘divide with Gaps’ method on the water

balance components. Name this scenario “Disaggregation, Divide with Gaps Method” and add
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the description “This scenario looks at the impact of using the ‘Divide with Gaps’ method to

disaggregate monthly precipitation”.

¥ Manage Scenarios

[SCS)

I Add

= Curment Accounts [2000]
- Reference [20017]
Dizaggregation, Divide Method [2007]
Dizaggregation, Divide with Gaps Method [2007]

Show Al Show Maone

2

Scenario Description:

v

Uncheck to reduce calculation time

¢ Cloze ? Help

Enter the Data for these Scenarios

Make the following changes in the Data view for the “Disaggregation, Divide Method” scenario:

1. Select the “Disaggregation, Divide Method” scenario in the drop-down menu at the top of the

screen.

2. Select the “Precipitation” tab under the “Climate” variable and enter the following expression:

ReadFromFile(MonthlyPrecipitation.csv, 1, 0, Divide)
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Daily Precipitation T Help

Demand Sites and Catchment| 2000 | 2001-2001 Scale  |unit | -
Agriculture Catchment ReadFro... ReadFromFile(fonthivPrecipitation.czy, 1, 0, Divide] i | il
m Table l Motes l
Precipitation [daily]
5.0 4
45 ki
401 @
351 e
3.0
£ 25 -/
201 -"::
151
1.04 ZJ:=-
051 o
l:”:' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 D

01117 0120 150017 01803 1000 2400 01807 110087 29008 3910 111270 290047 0303 13000 230050 D077 130080 230048/
1959 1559 2000 2000 2000 2000 2000 2000 2000 2000 2000 2001 2001 2001 2001 2001 2001 2004

L4

Make sure the MonthlyPrecipitation.csv file is under the Area folder; otherwise specify
the full path of the file in the ReadFromFile function expression. The precipitation values
being in the first column of the CSV file.

4. Repeat the same procedure to change the precipitation expression for the “Disaggregation,

Divide with Gaps Method” scenario. Use this expression (rainstorm every 5 days):

ReadFromFile(MonthlyPrecipitation.csv, 1, 0, Divide with Gaps, 5)
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Daily Precipitation ¥ Help |
Demand Sites and Catchmenf 2000 | 2001-2001 |scale  [unit -
Agriculture Catchment ReadFro... ReadFromFile(tdonthivPrecipitation.czy, 1, 0, Divide with Gaps, 5] i

m Table | Maotes |

-

Precipitation [daily]
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£

Compare Results for the Reference and the Disaggregation Scenarios

Compare, graphically, the results of the two scenarios we have established so far
(Disaggregation, Divide Method and Disaggregation, Divide with Gaps Method) with the
reference (for which the real daily precipitations are used).

For example, select “Demand/Water Demand” from the primary variable pull-down menu. Click
in the drop-down menu to the right of the chart area, and select “All Scenarios”. Choose to show
only “Agriculture Catchment” demand by selecting it from the pull-down list in the upper left
pull-down menu of the Results window and select ‘Relative to Reference’ from the comparison

box. Your graph should be similar to the one below.
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m Tahble ] tap ] Messages ]
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Note the underestimation of water demands especially during winter for both disaggregation
scenarios. As the disaggregation methods ensure uniform distribution of rainfall with a fixed
pattern (every day for the “Disaggregation, Divide Method” scenario and every 5 days for the
“Disaggregation, Divide with Gaps Method” scenario), therefore there is better use of
precipitation by the different crops and hence, water losses are reduced. This could be verified by

looking at the “Infiltration/Runoff Flow” results.

Select “Catchments/Infiltration/Runoff Flow” from the primary variable pull-down menu.
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m Tahble | tap | Messages |
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Using this chart, the reduction in water losses especially during winter can be seen.
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The Soil Profiles Wizard
Module
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Q Objectives: Present the steps required to use the Soil Profiles Wizard.
Data files: - WEAP-MABIA, Tutorial.zip

- SoilData.csv

Soil Water Capacity Description

In the WEAP-MABIA model, the most relevant soil
hydrological property determining the soil water

SAT

balance is the available water capacity. It is assumed é Fe — %
that the soil profile as a whole is vertically Lé g
homogeneous and characterized by identical water Cz,; |§_ %
retention properties. The available water capacity or the 3 f}
total available water (TAW) can then be calculated by o E

water content at field capacity point (FC) minus water

content at wilting point (WP).

Soil water contents at field capacity and wilting point are used to calculate the maximum water
depth that can be applied by irrigation. If the area under investigation is relatively small or known
to be quite homogeneous with respect to soil physical properties and topography, determinations
of soil moisture contents at field capacity and wilting point at a reasonable number of sampling
sites should provide accurate estimates. However, if the area being evaluated is large enough to
exhibit substantial spatial variability of soil water availability, it is virtually impossible to
perform enough measurements to provide good estimates within the temporal and financial
constraints of the project. In such cases, inexpensive and rapid ways to estimate the parameters

are needed.

Many indirect methods for estimation of water content at field capacity and wilting point have
been proposed in the literature. Most of these methods are called Pedotransfer Functions (PTFs),
because they translate existing surrogate data (e.g. particle size distribution, bulk density and

organic matter content) into soil hydrological properties.

January 2012



78|Page WEAP-MABIA Tutorial

Pedotransfer Functions (PTFs)

Values of SAT, FC and WP are basic measurements determined experimentally in laboratory
conditions. Direct measurement of water retention properties is expensive, time consuming, and
labor intensive. Alternatively these properties can be derived from available soil data such as
particle-size distribution, organic matter content, and bulk density. Estimation methods to obtain
the required parameters from easy mappable input data are called Pedotransfer Functions
according to Bouma & van Lanen (1987). They suggested a distinction between basic
characteristics that can be measured in the laboratory or estimated in the field and other
characteristics (called soil properties) that can be estimated from basic soil characteristics.
Pedotransfer Functions relate different soil characteristics and properties with one another or to
land qualities (Bouma 1989). They serve to translate, through empirical, regression or functional
relationships, the basic information found in the soil survey into a form useful in broader

applications, such as simulation modeling.

mean annual
Land quality percolation rate
|
Lpedotransfer rule” <>
|
_ _ water
Soil properties holding mean annual mean annual land use
canacitv precipitation potential type

evanotransniration
Lpedotransfer function® <$

soil humus bulk

Soil characteristics
static; constant;
easy mappable

texture content density

Figure: Flow chart illustrating the operating mode of Pedotransfer Functions

Another definition was given by Jones & Hollis (1996): Pedotransfer Functions (PTFs) are

mathematical expressions relating basic soil properties, such as sand, silt and clay, to complex
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properties like water holding capacity. PTFs may be used to derive continuous functions, such as
the parameters expressing the shape and form of the hydraulic conductivity / suction / water
content relationships.

Pedotransfer Functions are categorized into “class” and “continuous” PTFs. Class PTFs predict
certain soil properties based on the soil classes to which the soil sample belongs e.g. PTFs of
Carsel and Parrish (1988) and Rawls et al. (1982). Continuous PTFs predict certain soil
properties as a continuous function of one or more measured variables. This latter type of
Pedotransfer Function can also be classified as single point and parametric regressions. Single
point PTFs predict a soil property at a special point of the water retention curve or available water
capacity e.g. the PTFs of Jabloun and Sahli (2006). The parametric PTFs aim to predict the
parameters of a model, and the most widely used soil hydraulic model is the van Genuchten
function (Van Genuchten, 1980) e.g. PTFs of Vereecken et al. (1989) and Wdsten et al. (1999).
Many competing algorithms were compared and evaluated on the basis of the laboratory database
of a nationwide soil information system; the approaches from Vereecken and Wasten performed
best because they yielded the least deviation between estimated and measured values. Therefore

they act as WEAP’s standard tools to estimate water retention parameters.

Vereechen: Vereecken et al. (1989) used multiple linear regression with sand and clay contents,
organic carbon content, and bulk-density data from undisturbed samples of 182 horizons of 40
Belgian soil series to solve for the parameters of the van Genuchten equation to develop their
PTF. The derived PTF is applicable to soils with the following ranges of Clay, Cl < 54.5 %, Silt,
S1 < 80.7 %, Sand, 5.6 < Sa < 97.8 %, Bulk Density, 1.04 < BD < 1.23 g cm™ and Organic Matter
Content, OM < 11.4 %.

Wosten: Wosten et al., (1999) used multiple linear regression with the soil particle size
distribution, organic carbon content and bulk density from the HYPRES database to estimate the
parameters of the van Genuchten (1980) water retention function. The HYPRES database
consists of soil physical and hydraulic properties of 5521 soil horizons collected from 20

institutions from 12 European countries.

Jabloun and Sahli: Jabloun and Sahli (2006) used basic soil data from 109 soil horizons

collected from different Tunisian soils to develop 4 point PTFs for different data availability. The
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derived PTFs are applicable to soils with the following ranges of Clay, 6.0 < ClI < 84.5 %, Silt,
43 < Sl <61.0 %, Sand, 0.7 < Sa < 87.5 %, Bulk Density, 1.2 < BD < 1.8 g cm™ and Organic
Matter Content, 0.2 < OM < 3.2 %.

The methodology used is outlined hereafter:
Step 1

Multiple linear regression techniques were used to relate the volumetric water content at
SAT, CC and WP to particle soil distribution, bulk density and organic matter content. Linear,
reciprocal, and logarithm of these basic soil properties were used in the regression analysis, and

possible interactions were also investigated. The equation had the following form:

6, =a,+a;,5a+a;;Si+a ,Cl+a,0M+a BD+a, %a+...+ai'8 %SD

Sa’+..a . ,Cl*+a . .Ln(Sa)+..a

+8, 45aSi +...+a; ;SICl + g, 12 43 Ln(CI)

i,j+1 i,j+4

where X; is the value of the water content (i = 1 to 3 corresponding to SAT, CC and PWP,
respectively); Sa, Si and ClI are, respectively, the percentages of sand (2-0.05 mm), silt (0.05-
0.002 mm) and clay ( < 0.002 mm); BD is the bulk density (g cm™); OM is the percentage of
organic matter and a;; ( j = 1...n) are coefficients derived by multiple linear regression.

Step 2

For the sake of parsimony, the number of parameters of the latter equation was reduced using
stepwise techniques leaving in the final equation only variables that explained a significant
proportion of the parameter variability. However, most of the time users of PTFs are frequently
confronted with situations where one or several input variables needed for a PTF are not
available. Therefore, four equations were derived to estimate SAT, FC and WP, based on the
available data: model JSpgo included all basic information (sand, silt, clay, bulk density, and
organic matter content); model JSpo excluded bulk density; model JSpg excluded organic matter

content; and model JSp, excluded both bulk density and organic matter content.

) References:
- Jabloun, M. and Sahli, A., Development and comparative analysis of pedotransfer functions for

predicting characteristic soil water content for Tunisian soil, Tunisia-Japan Symposium on Society,
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Science and Technology proceeding, 7th Edition, 2006, pp. 170-178.

- Vereecken, H., Maes, J., Feyen, J., Darius, P., Estimating the soil moisture retention characteristic
from texture, bulk density and carbon content, Soil Science, 148 (1989), pp. 389-403.

- Wésten, J.H.M., Lilly, A., Nemes, A., Le Bas, C., 1999, Development and use of a database of
hydraulic properties of European soils, Geoderma, 90, July 1999, pp. 169-185.

Q It should be noticed that PTFs are developed on the basis of databases of a limited number of soil
samples. Consequently any PTF is likely to give less accurate or possibly even very poor predictions if
used outside the range of soils from which they were derived. Thus, the predictive ability of PTFs is

somewhat related to the similarity between the data set used in developing and testing the PTF.

Soil Profiles Wizard input options

WEAP-MABIA comes with a built-in “Soil Profiles Wizard” which allows the estimation of the
average soil water capacity (saturation, field capacity and wilting point) using one of the seven
available Pedotransfer Functions (PTF), in order to determine the Soil Water Capacity for
catchment land use branches in the “Data View”, under “Land Use”. Using this wizard, you can
average water content values over several soil profiles (sampling sites) and soil horizons (layers).
The seven available PTFs are chosen so they can be used with different scenarios of basic soil
data availability.

This wizard is designed to average available water capacities from several soil and rock layers.
Please notice that the “Soil Profiles Wizard” does not allow to allocate awc values from
individual soil horizons to rooting depths of a specific crop of a specific growth stage; this
functionality has not been realized yet. For example, when the upper meter of the soil profile
consists of 50 cm silt loam above 50 cm consolidated rock, a moderate available water capacity
(= 11 % volume) is calculated (average of 21 and 0 % volume) and this average is used for all
growth stages of the crop under consideration. When a rooting depth of 50 cm is assumed, the
program does not work with water retention properties of the silt loam layer, but all calculations

are based on an averaged soil water capacity of the entire soil profile.
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W Soil Profiles Wizard (2| E [l

Each soil "profile” is a sampling location, and has data for one or more “horizons" (layers). The bottom row (“Average") shows the
weighted average of all profiles and horizons.

Pedotransfer Function (to estimate water holding properties) ITexture class o _v_|

Number of Profiles I‘l :| Number of Horizons in Profile 1 |1 :l

#+ AddProfile = Delete Profile | (& Import... [l Export... @ Paste Special (3] Copy To Excel (4]

. Coarse . Field Wikt |Available W ater -
Profile Horizon Tgrat:;e Thlcizr]\ess Fragments Satréa]tlon Capacity [ Point Capacity
(%] [%] [%] [%]
> 1 1 0.000 0.00 0.00 0.00 0.00 0.00
| Average | Average [ oo00f 000 ©0o00] o000] 000 0.00 =

? Hebp | o Save | X Cancel | I

- © Combo box from which to choose one of the seven available Pedotransfer Functions to
use in estimating soil water capacity. The decision which approach is the most appropriate
one depends on data availability of local soils.

Of the seven available Pedotransfer Functions, one is based on texture class and the other
six use particle size (PSD: %Sand, %Silt and %Clay), optionally with data on bulk density
(BD) or organic matter content (OM). The PTF names (which include references to the
original author and date) that can be used, along with the parameters required by these

functions, are:

Pedatransfer Function [to estimate water holding properties]

Te
Mumber of Profiles (1 5 Mumber af Horizans in Pr ! Particle zsize [Jabloun and Sahkli 2006]
Farticle zize Bullk denzity [Jabloun and Sahli 2006]
| Farticle size Drganic matter [Jabloun and 5ahli 2008)

Particle zsize Bulk denzity Organic matter [Jabloun and Sahli 2006)
| Particle size Bulk density Organic matter [Wereecken et. al. 1339]

+ Add Profile = Delete Profile | @ Import... [5

Prafile Mefesm Tfl?ft_'-‘_fe ‘ T "3r Farticle zize Bulk. denzity Organic matter [wosten et al. 13939)
1. "Texture class™: Texture class, from the Soil Library
2. "Particle size (Jabloun and Sahli, 2006)": PSD.
3. "Particle size Bulk density (Jabloun and Sahli, 2006)": PSD and BD.
4. "Particle size Organic matter (Jabloun and Sahli, 2006)": PSD and %OM.
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5. "Particle size Bulk density Organic matter (Jabloun and Sahli, 2006)": PSD, %BD

and %0OM.

6. "Particle size Bulk density Organic matter (Vereecken et al., 1989)": PSD, %BD
and %0OM.

7. "Particle size Bulk density Organic matter (Wosten et al., 1999)": PSD, %BD and
%OM.

- © Textfield to specify how many profiles (sampling sites) you have.
- © Text field to specify for each profile, how many horizons (layers) you have data for.

- © Toolbar to Add/Delete profiles and to Import/Export and to copy and retrieve soil data

from Excel.

- © Data table used to enter soil data. The required data variables are defined each time you

choose a different Pedotransfer Function.

In general, PTFs that are based on detailed knowledge of soil physical properties perform better
than PTFs that use soil texture as the only input variable. Available water capacities per FAO

texture class, taken from the internal Soil Library, should be regarded as rough estimates.

»ﬂ It should be stated out that it can be very difficult to select what is the more appropriate method to
use for a specific application in a specific environment and under a specific scenario of available data,
considering that the different PTFs can produce very different results. Therefore, assuming that some
laboratory or field measurements of the desired hydrological parameters are available for local soils,
hence the PTFs estimates can be evaluated against such data, allowing the selection of the best

performing method that can be used afterwards for similar sites.

Creating and running Soil Scenarios

For this module you will need to have completed the first module or have downloaded the file
“WEAP-MABIA tutorial.zip” and have it opened into WEAP. To begin this module, go to the
Main Menu, select “Revert to Version” and choose the version named ‘“Starting point for all

WEAP-MABIA modules”.
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Create Seven New Scenarios to Model The Use Of Different PTFs

Create a new scenario to evaluate the impact of using M Add h Copy = Delete Ren:
the “Texture class” model to estimate the Soil Water - Current Accounts [2000]
Capacity on the water balance components. = M Add  Ctr+A

) Rename
1. Choose the menu “Area”, “Manage Scenario”, —  Delete Cirl+Del
right-click the “Reference” scenario and select

‘CAdd”-

2. Name this scenario “Texture Class | wy Add Scenario Based on: Reference =X

PTE™. Mame: |Tez-:ture Clazs PTH
¢ k. | x Cancel

3. Add the description “This scenario looks at the impact of using ‘Texture Class’ PTF to

estimate Soil Water Capacity”.

" b
¥ Manage Scenarios I&'

4 Add ;'1., Copy = Delete ' Rename

= Curment Accounts [2000] Testure Clazs PTF iz bazed on:

- Reference [20017] |Heference j
Testure Clazs PTF [2001]

Scenarnio Description;

This scenario looks at the impact of
using “Texture Class™ PTF to estimate
Soil Water Capacit}'[

v Show results for this scenarnio
Uncheck to reduce calculation time

Show All Show Maone q’ Cloze ? Help | !

4. Repeat the same procedure to add six additional scenarios to evaluate the impact of using

different scenarios of soil data availability (that means different PTFs) on the water balance

components. Use the following data:
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Scenario Description

PSD Model

PSD+BD Model

PSD+0OM Model

PSD+BD+0OM (JS) Model

PSD+BD+0OM (V) Model

PSD+BD+OM (W) Model

Enter the Data for these Scenarios

This scenario looks at the impact of using ‘Particle
size (Jabloun and Sahli, 2006)° PTF to estimate Soil
Water Capacity

This scenario looks at the impact of using ‘Particle

size Bulk density (Jabloun and Sahli, 2006)" PTF to
estimate Soil Water Capacity

This scenario looks at the impact of using ‘Particle
size Organic matter (Jabloun and Sahli, 2006)’ PTF to

estimate Soil Water Capacity

This scenario looks at the impact of using ‘Particle
size Bulk density Organic matter (Jabloun and Sahli,
2006)° PTF to estimate Soil Water Capacity

This scenario looks at the impact of using ‘Particle
size Bulk density Organic matter (Vereecken et al.,
1989)° PTF to estimate Soil Water Capacity

This scenario looks at the impact of using ‘Particle
size Bulk density Organic matter (Wosten et al., 1999)’
PTF to estimate Soil Water Capacity

For these scenarios, only the soil data of the “Potato Field” branch will be considered. Data on

particle size distribution, bulk density and organic matter are given for only 1 profile at 3 soil

horizons.
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Make the following changes in the Data view for the “Texture Class Model” scenario:

1. Select the “Texture Class Model” DE SN T exture Claze Model (20070 |HES E Maﬂage Scenarios

FPRE . Current Accounts [2000]
scenario in the drop-down menu at the top {. Land U Feferones (2001) \d Reuse
of the screen. Texture Clags Model [2001]
_Advang PSD Maodel (2001
) PSD+BD Madel (2001
Area ] PSD+0M Model (2001) tion Fate
PSD+BD+0M [J5) Madel (2001) —
Availa PSO+E0+0M [V] Model [2001] | [Field Ca
sl PSD+ED+0M [ Madel [zo01) | 3nd WP,
NnRe us inle datar

2. Select the “Potato Field” branch under the “Agriculture Catchment” then select the “Soil Water
Capacity” tab under the “Land Use” variable.

Key Assumptions Diata far: |Te:-:ture Clazz Model [2001] j l.d_i Manage Scenarios [ Data Expressions Report
- Demand Sites and Catchments -
- Big City ( land Use  Climate } Irrigation ) Lossand Reuse ) Yield ) Water Quality ] Cost J  Priority J
= Agriculture Catchment : = J = : "J = ‘) —’) = N —') = Y
.- [Potato Field j
: Advanced
i~ Green Pepper Fisld —-”I
- Wheat Field Area l I S oil ' ater Capacity | b airnurn |nfilbration Flatel Effective Precipitationl Surface Lager Thicknessl
[+ Hpdrolagy =
B Supply and Resources Available water holding capacity (AWC) of soil [Field Capacity [FC) minus Wilt Point (WP, asa ¢ Help
[+ W ater Qualiby % of volume. Enter Soil Properties directly [FC and 'WP). OR choose Soil Type from Soil Library, z
- Other Assumptions OR use Soil Profiles 'Wizard for averaging multiple datapoints or horizons [layers).
Agriculture Catchment] 2000 | 2001-2001 [scate  Junt | -
Fotato Field SoilLibra... SoilLibram(Silt loam) Percent Al

3. Change the Soil Water Capacity for the Potato Field:

- Click the empty cell in Area | Crops PElEiRSEE =0 | M aximum [nfiltration Hate] Effective Precip

front of “Potato Field” | Available water holding capacity [AWC) of soil (Field Capacity (FC) m
e - % of volume. Enter Soil Properties directly [FC and WP]. OR chooze
and select the Soil OR usze Soil Profiles Wizard for averaging multiple datapointz or honz
Profiles Wizard” from |Adgriculture Catchmert|2000 | 2001-2001 |5cale  |U
Potato Field SoilLibra... Exal eI =1 | ﬂ Percent

the drop down menu.

Expression Builder

m Tatble l Nutesl " Yearly Time-5eries Wizard

Enter Soil Properties directhy
Choose from Soil Library r

22_
20 Soil Profiles Wizard
18 Edit Soil Library
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By default, the “Texture class” model is selected. For this experimental site the three soil
horizons were homogenous and the soil was Clay. Therefore, you can keep the number of
profiles and the number of horizons per profile to their default values (1).

- In the Data View, click the empty cell under “Texture Class” and select from the drop

down menu the soil texture. For this example, select Clay.

Pedatranster Function [to estimate water holding properties) |Te:-:ture clasz ﬂ
Mumber of Profiles 1 -5 Muraber of Harizonz in Profile 1 |1 -3

+ AddProfile = Delete Profile | (& Import.. [ Export... @@ Paste Special [ Copy To Excel

- Coarge - Field Wilk | Available W ater
Prafile Harizon TI:EE:;E Th":[mm& Fragmentz Sat?gitlm Capacity | Paint Capacity
[%] [%] [%] [%]
» 1 1 | - 0.000 0.00 000 0.00 000 0.oo
Clay -
Llay loarm
Conzolidated Rock E
Loam
Loamy zand
Sand
Sandy clay
Sandy clay loam -
| Average | Average oD ooof ooof ooof o000 0.00

4. Set the “Soil Thickness” to 0.2 m.

After completing all the tasks described above, the “Soil Profiles Wizard” will look like this:

W Soil Profiles Wizard |- (B

Each zoil "profile” iz a sampling location, and has data for one or more “horizonz" [layers). The bottom row
["Average") shows the weighted average of all profiles and honizons.

Pedotransfer Function [to estimate water holding properties) |Tthure class ﬂ

Mumber of Profiles |1 3 Mumber of Hanizons in Prafile 1 |1 5

+ AddProfile = Delete Profile | (@ Import.. [ Export.. [ Paste Special |g| Copy To Excel

. Coarse : Field Wik | Awvailable 'water -
Prafile Harizan Tazt;s[e Th|c[||;rlwess Fragments g atl[;;a]hon Capacity [ Paint Capacity
[%] [%] [%] [%]
1 1 1 Clay 0.200 0.00 38.50 34.07 2234 11.73

m

tverage | Average 0.200 ooo| 3350|407 22.34] e (=
o Save ‘ annceI|

5. Click __ 2|,
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ﬂ - The soil thickness is used by WEAP to calculate the weighted average of the water content values
over the specified soil profiles (sampling sites) and soil horizons (layers).
- The presence of coarse fragments (e.g., rocks) will reduce the water holding capacity of the soil.

Keep its value to 0% for all soil scenarios.

Make the following changes in the Data view for the “PSD Model” scenario:
1. Select the “PSD Model” scenario in the drop-down menu at the top of the screen.
2. Change the Soil Water Capacity for the Potato Field:

- Click the empty cell in front of “Potato Field” and select the “Soil Profiles Wizard” from
the drop down menu.

- Select the model “Particle size (Jabloun and Sahli, 2006)” from the PTF drop down
menu. The data table is changed automatically by WEAP and shows the data required for
the chosen PTF.

- Set the number of horizons per profile to 3. Three rows are in the data table.

Pedotransfer Function [to estimate water holding properties) |F'artiu:|e zize [Jabloun and 5 ahkli 2006] j
Mumber of Profiles |'I = Mumber of Horizans in Profile 1 |3 -5

4+ Add Profile = Delete Profile | (& Import... [ Export... B Paste Special |§| Copy To Excel

. Coarze ] . Field Wfilt  [Available 'water
Profile Huorizon Thu:[kness Fragments E!,?y Sallt Sind Satuc[atu:-n Capacity Paint Capacity
ITI] [2] [ '="] ["'é] [/“‘] [/;] [j"é] ['Z] ['Z]
b 1 1 0.000 Qoo 000 0o 3548 ernar ernar ernar
1 2 0.000 Q0o 000 0o 3548 ernar ernar ernar
1 3 0.000 Qoo 000 0o 3548 ernar ernar ernar

ﬂ The sand fraction is calculated as 100 - %Clay - %Silt, so does not need to be entered.

- Enter data for the 3 horizons as follows:

Profile Horizon  Thickness  Coarse fragments Clay Silt
1 1 0.2 0 72.73 22.54
1 2 0.2 0 81.35 16.07
1 3 0.2 0 81.14 16.33
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Each time you enter the data for one horizon, WEAP will calculate for you the water
content at SAT, FC and WP and well as the value of the Water Available Capacity.
(W Soil Profiles Wizard ESREER

Each =oil “profile” i a sampling location, and has data for one or more “horizons” [layerz). The bottom row
["Average™] shows the weighted average of all profiles and horizons.

Pedotranzfer Function [bo estimate water holding properties) |F'artic|e zize [labloun and S ahli 2006) ﬂ
Mumber of Profiles |1 5 Humber of Horizons in Profle 1 |3 5

+ Add Profile = Delete Profile | (& Import... [§ Export... [, Paste Special |g| Copy To Excel

- Coarze ' - Field Wilk | Available W ater -
Prafile Harizan ThlcElr;r;ess Fragments E[;?i" [S?I,IE SF;]EI Sat?;eitlun Capacity [ Paoint Capacity
[%] B ) i ) [%] [%] [%]
4 1 1 [.200 000 7273 2254 46 45 3765 2569 11.86
1 2 [.200 Qoo 81,35 16.07 46.56 3566 26,48 918
1 3 0.200 0o a1.14 1633 46.61 3568 26.52 916 )
dverage | Average 0.600 0.00(72.41 1831 | 3.23| 4654| 3629 2623 10.07 i

x Cancel ‘

- After you enter all data, click ﬂl

»ﬂ Note that the weighted average values are calculated using the 3 horizons. These average values are

what will be used for calculating soil moisture by the MABIA Method.

If you have the soil profile data in a CSV file or Excel spreadsheet, you can read those in the

“Soil Profiles Wizard” without having to retype the data:

- ForaCSV file, click the & ImPert- | b tton and browse to find the CSV file.
- To bring in the data from the Excel spreadsheet, copy the data from Excel onto the

ER, Paste Special

Windows clipboard and click the button.

In both of these cases, WEAP will read in the rows and columns of data (from CSV file or
Windows clipboard), and display it in a new window, along with its best guess as to which
variable each column header represents. The data should be arranged so that each horizon of

each layer is on its own row, and each column represents a different variable.
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To test this functionality, you need to have the “SoilData.csv” file. You can download this file
from http://www.bgr.bund.de/IWRM-DSS .

1. In the “Soil Profiles Wizard” click & IMP- | 204 browse to find the “SoilData.csv™ file.
Click “Open”.

2. A “Special Copy” window appears. Select the model “Particle size (Jabloun and Sahli,
2006)” from the PTF drop down menu.

— L e i e = ——— - = y
W Paste Special eaE e moged Senags § 8 el = lil_li_hj
== g Vitei Wl Par tide size (Jabloun and Sahli 2008 j

For each input variable, select the column from the input text to use

Profile: |1 « Horizon: |2 - Thickness: |3 Coarse Fragments: |4 -
Clay: |5 - Silt: |6 -

Criginal Clipboard Contents To Be Pasted
I Col1 Col 2 Col3 Cola Col! | Profile | Horizon |Th'|cknﬁxs[m] |Coar5e Fragments[%a] |Clav[%] |5H:[%]
I Profile Harizon Thickness  Coarse Clay| |[1 1 0.2 0 7273 22.54
1 1 0.2 a 727 |1 2 0.2 0 81.35 16.07
1 2 0.2 a 81.3( |1 3 0.2 0 81.14 15,33
1 3 0.2 a 1.1
1 [ Al ER r

4rows, 10 columns o Save | X cancel |

Note that WEAP will read the column headers of the CSV file and perform for you the best
guess as to which variable each column header represents. Besides, you can define for each

input variable the column number from the input text to use.
3. Click ﬂl to import soil data into the “Soil Profiles Wizard”. The number of

profiles as well as the number of horizons per profile are also imported from the CSV file.

Use the Import from CSV file to define the Soil Water Capacity for the remaining soil scenarios.
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Compare Results for the Reference and the Soil Scenarios

Compare, graphically, the results of the seven scenarios you have established so far with the

reference scenario (for which the experimental values of SAT, FC and WP are used).

For example, select “Input Data/Demand Sites and Catchments/Land Use/Soil Water Capacity ”
from the primary variable pull-down menu. Click in the drop-down menu to the right of the chart
area, and select “All Scenarios”. Choose to show only “Agriculture Catchment\Potato Field”
Soil Water Capacity by selecting it from the pull-down list in the upper left pull-down menu of the

Results window. Your graph should be similar to the one below.

m Tahle ] tap ]
Catchment Soil Water Capacity |: {|Percent =|)
|Branch: Demand Sites and Catchmentzshdaniculture Catchment'Potato Field j |No Companson ﬂ

125 |AII Scenarios j v
12.0 4 I"
11,51 ¥ [ PSD Model @
11.01 v B PSD+BD Model
10,5 v IO PSD+BD+OM (JS)Model | | [
13'2: ¥ [] PED+BD+0M (V) Madel <
o0 | v [ PSD+BD+0M (W) Model =
ac | W ] PSD+0OM Model w
304 v [ Reference =
75 W [] Texture Class Model =

£ 7.0 =

ﬁ 6.5

I 60
551 H
5.0
4.5
4.0 o
3.5
3.0 @
2.5 4 ]
2.0 4 <
15 || =
1.0 4 .

E B

0.5
0.0 (=]

€«

Selected Years (1/2] - [~ Percent of Time Exceeded

Note that the estimation of the Soil Water Capacity depends on the Pedotransfer Function used.
The ‘Particle size Bulk density Organic matter (Jabloun and Sahli, 2006)" PTF gives the best
estimation 10.9% against 11.1% for the experimental value. However, the ‘Particle size Bulk
density Organic matter (Vereecken et al., 1989)° PTF gives the lowest Soil Water Capacity

compared to the experimental values (Reference scenario). This underestimation of the Soil
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Water Capacity could be due to the fact that the characteristics of the particle size distribution of
the soil sample used in this example were outside the range of validity of the ‘ Vereecken’ model

(see page 79).

Next, compare “water losses” of the seven scenarios with the reference. Use the primary variable
pull-down menu to select “Catchments/Infiltration/Runoff flow”. In the comparison combo-box

select “Relative to Reference”.

Please notice that surface runoff in WEAP is not determined by applying a process-based

rainfall-runoff model. For three influencing effects see page 33.

m] Table ] Map ]

Infiltration/Runoff Flow F (|Th0usand j |Cu bic Meter j 1]

|Hun0ff;”|nfiltration: RunoffInfilration frar Agriculture Catchment to Main River j |AII months [12] j v Annual Total [ Maonthly Average |Relative to Reference -

1801 — |AII Scenarios ﬂ v
170
]
160 4 ¥ (& PsD Model P
. ¥ Il PSD+BD Model
Z ¥ [ PSD+BO+OM (JS) Model E7
140 W [] PSD+BD+0M (V) Model =
1301 V¥ [ PSD+BO+0OM (W) Model =
120 V¥ [ PSD+0OM Model w
5 0 v I Reference =
g I+ [] Texture Class Model o
o 100 a
e
=1
2 90
2
o 80
2 - #
g 0, ]
601 A
50 |§
40 | =
30 2
201 =
101
0 =

2001

“«©

Selected Years [1/2] - [~ Percent of Time Exceeded
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m Table | Map |
Infiltration/Runoff FIowF (lThousand L”Cuhic Meterj}

IFunoffHInfiItration: Funoffnfilration from Agriculture Catchment to Agriculture Groundwa LI IAII months [12] LI v Annual Total [ Maonthly Average IHeIative to FRefere

;g : IAII Scenarios ;I :rl
15
v [ PSD Model

5 ] [+ Il PSD+BD Model
o] [ [ PSD+BD+0M (J5) Model
5 ¥ [] PSD+BOD+0OM (V) Model
10 Il - PSD+BD+0M (W) Model
-;g: v [ PsD+0OM Model
- v I Reference
W [ Texture Class Model

Thaouzand Cubic Meter
s
=

&
« OB D @D EE 0 01 0t -4 md
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