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1. Examining images using the LEAP Viewer
The LEAP viewer is the central part of the software through which all input and output can be displayed in maps.

	Checking for new data

Manual: Paragraph 2.8 “Getting new data” Page 15 and 16.
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Exercise  AUTONUM   If you have an internet connection : check the server for new data.
	Display data in the viewer
Manual: Chapter 8 The LEAP image viewer Page 60 – 71


Exercise  AUTONUM   Display the rainfall image (RFE2 dataset) for the third dekad of September 2005.
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[image: image6.png]Actual Rainfall in mm ( 2005 September 3 )
[C:WipimagesRainRFE22005 Rain_2005_8_3 mg. Image created 13-04-07 16:5:36]




Exercise  AUTONUM  : For the boundaries select the zones.
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Exercise  AUTONUM   Zoom in to Addis Ababa. Addis contains about 4 complete pixels. Write down the values for these 4 pixels. Calculate the average rainfall for Addis by hand
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	Pixel No.
	Value

	1
	

	2
	

	3
	

	4
	

	Average
	


Exercise  AUTONUM   Zoom out to Ethiopia and select the mask for the Meher areas
[image: image10.png]



Exercise  AUTONUM   Find the pixel with the highest rainfall within the Meher area. Note the following properties:
	Pixel
	Value

	Pixel Value
	

	Latitude
	

	Longitude
	

	Pixel (row)
	

	Line (column)
	

	Name of the Region
	

	Name of the Zone
	

	Name of the Woreda
	


	Using LEAP output in bulletins (copying to MS Word)
Manual: Paragraph 8.2.12


Exercise  AUTONUM   Copy the image to the Windows Clipboard, Open Microsoft Word and paste the image into Word.
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Exercise  AUTONUM   Go Back to LEAP, move the cursor over the legend, press the right mouse button and use the function “Copy legend to Clipboard”. Paste the legend into Word below the image. Give the document a proper title.
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	Using data in Excel 
Manual: Paragraph 8.2.8


Exercise  AUTONUM   Go Back to LEAP and use the function “Aggregate to Excel” to fill the table below.
	Zone “North Wollo”
	Value

	Number of pixels in the Zone
	

	Approximate area in square kilometers the Zone covers, knowing that 1 pixel is approx. 100 km²
	

	Average Rainfall in mm for the Second dekad of September 2005
	

	Same for first dekad of April 2005
	

	Same for third dekad of April 2006
	

	Same for third dekad of April 2004
	


Exercise  AUTONUM   Display again the rainfall estimates (RFE2 dataset) for the third dekad of September 2005 and compare to normal rainfall
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Exercise  AUTONUM   Fill the following table. The first 2 rows are filled as an example.
	Zone
	Qualification of Rainfall compared to average

	South Wollo
	More or less normal

	South Gonder
	Half of the Zone above average; Half of the Zone received normal rainfall

	Jimma
	

	East Harerge
	

	Arsi
	

	
	


	Cumulative rainfall products  
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Exercise  AUTONUM   Make a cumulative rainfall picture for 2010 (January 1 to April dekad 1).
	Other parameters (example NDVI) 
Manual: Chapter 7


Exercise  AUTONUM   Read about NDVI in Chapter 7 of the manual. Display NDVI for all the dekads in 2010 (from January dekad 1 to April dekad 1 by walking through the images in the viewer). Look specifically at the Belg and Rangeland areas 
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Exercise  AUTONUM   Analyse the NDVI data for both the cropping areas (Belg) and the rangeland/pasture areas (Afar, Somali etc..). 
	Area
	Qualification of the season so far

	Southern Belg 

Cropping areas

	

	Northern Belg 

Cropping areas


	

	Rangeland Areas


	


	Comparing different datasets for NDVI
Manual: Chapter 7


NDVI is vegetation greenness. Dekadal composite images. In LEAP we have 2 satellites: 

· NOAA at 800 km orbit, circles around the earth. Passes about 3-4 times per dekad. Advantage: archive dating back to 1981.
· Meteosat at 36.000 orbit, geostationary. Image every hour : 150 per dekad. Advantage: higher resolution and more images
Exercise  AUTONUM  . Display the NDVI image for the first dekad of March 2010 for the dataset USGS. Copy the NDVI data to Word. Then select the other NDVI dataset called “Meteosat” 
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and copy this dataset to Word as well. Both NDVI datasets should be side by side now with a legend.
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Examine the images well and describe the similarities and the differences.
[image: image73.png]
2. Determining Planting Dekads
	Preparations for planting dekad calculations
Manual: Paragraph 4.4


Planting dekads are expressed in dekad numbers

	
	Dekad 1
	Dekad 2
	Dekad 3

	January
	1
	2
	3

	February 
	4
	5
	6

	March
	7
	8
	9

	April
	10
	11
	12

	May
	13
	14
	15

	June
	16
	17
	18

	July
	19
	20
	21

	August
	22
	23
	24

	September
	25
	26
	27

	October
	28
	29
	30

	November
	31
	32
	33

	December
	34
	35
	36
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Exercise  AUTONUM    Suppose the crop is planted / sown at the second dekad of March. What is the number of that dekad?. 
Exercise  AUTONUM   Open the Belg Project.and make sure just one crop is selected: Maize_Belg
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                [image: image27.png]Project: Belg
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Exercise  AUTONUM   For 2010 we have just RFE2 rainfall images available. So make sure RFE2 is in the data priority box under “actual rainfall data”.
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Exercise  AUTONUM   Open the zonal spreadsheet that underlies the Belg project: belg.xls, look-up the “Sowing Window Start Dekad” and the “Sowing Window Start Dekad” for Maize_Belg for zone Guji in Oromia.
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	Item
	Value

	Sowing Window Start Dekad
	

	Sowing Window End Dekad
	


Exit the sheet (do not make changes)
Exercise 19. Planting dekads are calculated with actual rainfall data. Use the viewer to determine what the last available dekad is for RFE2 rainfall images in 2010..
	Item
	Value

	The last available dekad for RFE2 rainfall is
	

	The first dekad where the planting calculation will look for planting opportunities
	

	The last dekad where the planting calculation will look for planting opportunities
	


	Calculating planting dekads with a rainfall threshold
Manual: Paragraph 4.4


Exercise  AUTONUM   Now calculate the planting dekads for Maize Belg, 2010. 
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This is the planting rule we will assume: at least 20 mm of rainfall the first dekad and again 20 mm the dekad after.
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Exercise  AUTONUM   Display the image you just created in the LEAP viewer. In Guji, planting has been possible in some areas. The planting dekad is:
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Exercise  AUTONUM   Check the “Compare to normal” checkbox. Move your cursor over the image and determine where planting has been early and where planting has been late.
	Compared to a normal year, planting in 2010 has been early in the following zones.
	

	Compared to a normal year planting in 2010 has been late in the following zones.
	


Exercise  AUTONUM   Let’s verify the planting dekad calculation. Display the RFE2 rainfall image of the First dekad of April 2010 in the viewer. Move the cursor to Guji (see above). Press the right mouse button and select “View trend”. You will see the average rainfall for Guji (all pixels). Now calculate the planting dekad for Guji by hand.
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Exercise  AUTONUM   Now re-calculate the planting dekad with another rule: 10 mm the first dekad and 0 mm the second dekad. Answer the following questions
	The calculated planting dekads will be lower (earlier in the year). Why?
	

	The planting dekad for Bale Zone is now:
	


Exercise  AUTONUM   We will now generate a picture that displays areas where planting occurred on or before dekad 8 and after dekad 6. Recalculate the planting dekad with the normal 20+20 rule again. Then display the planting dekad image again. Then move your cursor to the legend and press the right mouse button, then press “Edit Legend”
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Change the legend on the left side, to the one on the right
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Press Ok. You see:
[image: image41.png]
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Exercise  AUTONUM   Edit the legend again and now save the legend for later use with the name “Planting Workshop.clr”
[image: image43.png]Save legend as.




3. Understanding and calculating the Water Balance
	Understanding the Water Balance

Manual: Paragraph 4.4


The objective of the water balance model is to convert raw observations of the atmospheric environment into a set of parameters which are of direct importance for crop production. Those parameters include: 

· the "Actual Evapotranspiration" (ETA), which is the amount of water actually used by the crop excluding runoff; 

· the amount of excess of water which may damage crops through water logging; 

· a Water Satisfaction Index (WSI) which expresses which percentage of the crop's water requirements were actually met.

Basically, the water balance is the difference between the effective amounts of rainfall received by the crop and the amounts of water lost by the crop and the soil due to the evaporation, transpiration and to deep infiltration. The amounts of water, held by the soil and available to the crop, is also taken into account. In practice, the water balance is computed using a book-keeping approach.
Actual and reference evapotranspiration

Through experimentation Penman found that that it was possible to calculate a “crop neutral” reference evapotranspiration (ET0) based on 4 basic meteorological parameters: 

· Wind 

· Solar radiation 

· Temperature 

· Humidity 
Many meteorological stations around the world measure these parameters making it possible to calculate ET0. Some of these input 4 parameters can be estimated from others. 

Reference evapotranspiration (ETo or sometimes referred to as potential evapotranspiration) is defined as the evapotranspiration from a 10cm tall grass that completely covers the ground, and is supplied with adequate water. Many scientists refined Penman’s work. FAO / United Nations has standardized on the adaptations by Montheith. 
Crop coefficients

The relation between actual and reference evapotranspiration and actual evaporation in the field is based on crop coefficients. ETa is determined by the crop coefficient approach whereby the effect of the various weather conditions are incorporated into ET0 and the crop characteristics into the Kc coefficient: 
ETa = Kc * ET0 
The effect of both crop transpiration and soil evaporation are integrated into a single crop coefficient. In other words, the Kc coefficient incorporates crop characteristics and averaged effects of evaporation from the soil. Crop coefficients (Kc) are dependent on: 

· Crop 

· Phenological stage of the crop (planting, vegetative phase, yield formation, ripening etc..) 

· Soils, climate etc. Crop coefficients are known to be slightly different for different parts of the world. 
Exercise  AUTONUM   Read Chapter 4.1 Page 39. Examine the Crop coefficients for Teff
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Calculating the Actual Water Balance
The water Balance is forward looking! Predict WRSI to the end of the season using normal rainfall.
[image: image46.png]View Calculat

nin detai

Caleulation Details for

Pixel 79 Line 51 Longitude

40.50 Latitude 6.03

Cyele Length:
Total vater requiremencs
Hormal water requiremencs.
Plancing dexad:

HMaximum soil water storage

Befective/Toral

Pre-season Ker

Date wom et
Jan-dek-1 2 o
Jan-aek-2 H 1
Jan-aek-3 H o
Feb-dek-1 1 o
Feb-dek-2 o H
Feb-dek-3 H o
Mar-ask-l 10 o
Mar-ask-z 10 o
Mar-ask-: 1o H
BprodeR-1 13 1
Bpredek-z 41 104
sprodek-s  ss 20
May-dek-1 38 s
May-dek-z 17 &7
May-dek-3 18 s
Jun-aek-l 10 14
Jun-aek-2 PR
Jun-aek-3 5 a0
Jul-dek-1 s =
Jul-aek-2 3 s
Phase e
Initial 26
Vegerarive 62
Flovering 145
Ripening 8
Surplus: Sl (UEXe)
e 275un

Norn index: 52+ (TNDXn)

K

Surpl
18

13

o

o

10 aexads (c)
559w (TR
559 ma  (TmNor)
1 )
50 (2 ox wE)
100 5 (5 o Bems)
o.zs
BT KCR R A S0 s/ TDEX
ss0zs 1 -1 o
ss0lzs 1 -0 o
ss0lzs 1L o-u o
slolzs 10 -0 o
szolzs L -6 o
ss0lzs 1L - o
soozs 13 413 o
sLolzs 13 413 o
sLozs 13 -8 o
s602s 1z - o
43030 13 sl s L 1o
sz030 13 7 s 7 1o
430050 22 -1 66 0 1o
430054 40 27 80 13 loo
43120 53 -a8 32 0 1o
45120 54 40 0 -8 58
43120 3 43 0 43 e
43120 sz -1z 0 -1z e
a0z 3 - 0 -7 w0
o060 23 -ls 0 -1s 76
us Deficit
o
o

63

22

Deticit, ssun (wEFe)

© daca avail:l00 (SAVATL)





The computation is done dekad-by-dekad (DEK) and it starts before the planting to take into account previous rainfall amounts stored into the soil. From the planting dekad, the crop water requirements (WR) are calculated as the potential evapotranspiration (PET) times the crop coefficient (KCR) values. 

WR = ET * KCR   (1)
IF actual rainfall data (ACT) are available these are used, otherwise the calculation uses normal rainfall data (NOR). The rainfall used in the calculations is called the working rainfall (WRK). So for a dekad the following is valid:

If ACT is missing 
then WRK = NOR

If ACT is not missing  then WRK = ACT

The available water amount (AvW) is the difference between the crop water requirements and the working rainfall (WRK). 
AvW = WRK - WR

Surplus or deficit (S/D) result from the water budget between the soil water storage (SW), ranging between the field capacity and the permanent wilting point, depending on the root depth, as well, and the soil water holding capacity (WHC). 
SW = SW of previous dekad + AvW.

And 

0 < SW < WHC

In the final column, the water requirements satisfaction index (INDEX) summarizes, up to a specific growth stage or the end of its development, the degree to which cumulative crop water requirements have been met. The WRSI represents, at any time of the growing period, the ratio between the actual and the potential evapotranspiration.

If SW (previous dekad) + WRK > WR then INDEX remains the same

If SW (previous dekad) + WRK < WR then INDEX drops proportionally
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Exercise  AUTONUM   Fill the yellow holes in the following water balance calculations:
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	Calculating the water balance
Manual: Paragraph 5.1


Exercise  AUTONUM   Calculate the Water Balance for 1 crop, for just 1 season
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Exercise  AUTONUM   LEAP will give you status messages. Describe clearly what these messages mean
	One or more actual rainfall files not found (using normal rainfall)...

	

	Using normal ET0 (actual ET0 not available)...

	

	Total number of Water Balance Calculations (pixels): 18445

	

	Calculation succeeded: 4034


	

	Missing Planting Dekad: 1769


	


Exercise  AUTONUM   The final index of a Water Balance calculation is called the WRSI. Display the WRSI in the viewer.
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Exercise  AUTONUM   Move your cursor to the northern areas (a colored pixel) and with the right mouse button view Water Balance details.
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Exercise  AUTONUM   Please answer the following questions:
	Why do you find -999 in the ACT column


	

	The final WRSI value for this pixel is  
	

	What does this WRSI value mean in terms of crop yield forecasting (see image legend)
	

	In which crop phase, the highest water deficit is expected? 


	


Exercise  AUTONUM   In the LEAP viewer compare the WRSI to Normal. Please give an indication of the expected WRSI compared to normal in the North, South and Eastern areas
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Exercise  AUTONUM   Now display the Total Water Deficit. Find the pixel with the highest deficit in millimeters of moisture
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	The pixel with the highest water deficit is located in zone:
	

	The WRSI for that pixel is:
	


Exercise  AUTONUM   Please check whether there are areas with water excess. 

	In which zones water excess is taking place (or is expected)


	

	In which growing phase of the crop does water excess occur? 


	

	Is the crop during this phase vulnerable for water excess?


	


Exercise  AUTONUM   Now calculate the Water Balance for the years 2006-2010 (5 years)
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Exercise  AUTONUM   Export all the WRSI values for these years to Excel
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Please note that the number of pixels on which these exported data are based can differ from year to year.
Exercise  AUTONUM   Why do you see 1 or 2 empty cells for certain zones?
	


Exercise  AUTONUM   In Excel, make this chart for Bale
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WRSI can be calculated for Rangeland as well:

· Continuous calculation (36 dekads in a year)

· Based on 5 dekad cycle length (arbitrary)

· Based on a cop coefficient of 1.

Exercise  AUTONUM   Look at WRSI for Rangeland for 2010 
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Exercise  AUTONUM   Give an estimation of the development of grazing conditions in 2010 in the following areas:

	Afar
	

	Somali


	

	Southern Oromia


	


4. From Water Balance to yield reduction
Relation between crop water use and yield

Doorenbos and Kassam outlined in their FAO publication “Yield response to water” that there is a clear relation between crop yield and water use. This relation is the basis of the use of a water balance calculation in crop forecasting. It is possible to establish a maximum yield (Ym) based on a season without water stress and water deficit. The total evapotranspiration is then at his maximum (ETm). In semi-arid circumstances yield is usually reduced due to water stress leading to a lower actual yield (Ya) and lower actual evapotranspiration (ETa) 
Yield Reduction is the percentage reduction compared to a yield obtained without water stress. 

It is therefore not measured against maximum yield!
Yield response to water

The authors introduced the so-called yield response factor (ky) to explain the yield reduction due to water stress. They established the yield response factor for a large number of crops in a limited number of climates. Doorenbos and Kassam found this relation to be near-linear for most crops (see graph). The general formula is: 

(1- Ya/Ym) = ky * (1 - ETa/ETm) 

The graph below establishes the relationship for a number of crops. 
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Horizontal axis: Yield from 0 (no water stress; high yield) to 1 (100% water deficit; no yield)

Vertical axis: Evapotranspiration deficit from 0 (no deficit) to 100 (100% deficit)

In LEAP the Yield Reduction can be calculated from Total Actual Evapotranspiration (ETa) and Total Water Requirement (TWR, same value as ETm), with the formula:

100-((1-(1-ETa/TWR)*Ky)*100)

Ky is a crop specific value stored in LEAP
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Exercise  AUTONUM   Calculate the Yield Reduction
	The Ky for Maize is:


	

	Assume the Total Water Requirement for maize in a given season is 401 mm. The Actual Evapotranspiration in that season is 343 mm.

What is the yield reduction percentage?
	


Exercise  AUTONUM   Now calculate the predicted Yield Reduction in LEAP for Maize (Belg season) for 2010.
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Exercise  AUTONUM   Now display the yield reduction in the viewer. Change the legend to the legend below:
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 Answers to Water Balance Exercise
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