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Productivity & Profitability
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Maize In
Tanzania

Can maize farmers
profit from
Investments on
Improved seeds and
iInorganic fertilizer?
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Legumes In
Malawi

Can farmers profit
from rotating maize
with legume crops?

Example Case Studies
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Weather Risk In
Sub-Saharan Africa

How does weather risk
change the yield
benefits of fertilizer and
Improved maize
varieties?



= Maize in Southern Tanzania Case Study #]1

Can maize farmers profit from
Investments on improved seeds
and inorganic fertilizer?

e Combined crop simulation modeling o
with household data on costs and
prices to investigate field-scale
profitability.

e Scaled up the household-level results

- = = % n
. . —
to the regional and national level %
° = . =

using an economic surplus model. o-

Value-cost ratio (US $ US $ '1)

Rungwe Mbozi Mbarali Kyela lleje Chunya

I ocal seed I improved seed



= Maize in Southern Tanzania Case Study #1

Can maize farmers profit from

investments on improved seeds Mbeya Rest of Southern Highlands
- - g g1
and inorganic fertilizer?
& Use of improved seeds and fertilizer % : |
increased ylelds and profits without B akgNms' TokgNhas okgNhao  aOkgNna 0kgNha T 30kgNha
] ] ] % Rest of Tanzania Tanzania
negative effect on yield or profit -
stability. ¢ g I
. . o 8 .
& Economic benefits to farmers and Ny — . H B .
COnSlJmerS bOth Increased Wlth the E‘ local seed , improved seed improved seed local seed , improved seed improved seed
o ] 30ngha1 10 kg N ha 30 kg N ha 30ngha1 10 kg N ha 30 kg N ha
uptake Of Seed and fertlllzer' desplte B Producer surplus [ Consumer surplus

negative effects on prices.



Legume in Central Malawi

Case Study #2

Grain yields Grain prices
Can farmers profit by rotating et
maize with legumes?
€» Combined crop modelling and an [T et meteesaace R AVENEV AN
agricultural household survey with an OGO w2 200

B Maize in maize-groundnut rotation

economic analysis. i i T Gt et
0 Explored the economic, risk, and labor

implications of using different lequme

and fertilizer practices in maize-based

cropping systems in central Malawi.

B Fertilized maize monoculture ——&——  Groundnut (shelled)




Legume In Central Malawi Case Study #2

Can farmers profit by rotating R e
maize with legumes? ) ‘ )
Al RV

& The maize-groundnut rotation
increased risk-adjusted profits.
€) The maize-groundnut rotation had

Winter

400
1

Labor used (days farm” season)
200

54% lower caloric yield and used more ‘1 i
labor than the maize monoculture, 0 W 4 0 W o
augmenting the increased chance of o Moo roundnt (ol i (GUS) . Vane reundnt Gl eation 4GS)

1:1 line (45-degree line)

labor shortages for farm households.

Labor available (days farm” season'1)



= Weather Risk in SSA Case Study #3

How does weather risk change A @
the yield benefits of fertilizer
and improved maize varieties?

traditional

Likelihood

improved

e Combined crop modeling with the
willingness to pay bounds analysis to Yild
provides a practical strategy for N ®)
dealing with farmer’s risk tolerances.

e Comprehensive continental-scale
analysis using a grid-based crop
modeling framework to account for
spatio-temporal heterogeneity.
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= Weather Risk in SSA Case Study #3

Figure 2: Traditional Variety With versus Without 40 kg/ha of Nitrogen Fertilizer in Year 1
(Panels (a) and (b)) and 10 Years After Adoption (Panels (c) and (d))

How does weather risk change u o ﬁ 0
the yield benefits of fertilizer w
and improved maize varieties?

WTP Upper Bound (tons/ha)
\

4

WTP Upper Bound (tons/ha)
9 o ~ N > @ 2

2 While the benefits of fertilizer increase 4
over time without improved seeds, the PR P
benefits of improved seeds decrease
overtime without fertilizer. Introducing
improved seeds first would help raising
farmer adoption of both fertilizer and
Improved seeds.




Better Data

9 Crop geography
(2010)

€» Daily weather
(since 2008)

€» CMIP6 monthly mean climate
(2030/2050/2080)

0 Soll properties
(250m/1 km)
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New Model

€» DSSAT v4.7
(2017)

= Temperature responses updated for high
temperature response.

= ET functions and effect of CO, has been
Improved.

= Updated the hourly energy balance routines,
which have a finer grained simulation of
water uptake and plant stress due to water
deficit.

= |ncludes growth stage-controlled irrigation
routines and allows deficit irrigation regimes.

= GHG emissions (CO,, N,0) now predicted.
Working on methane.

o DSSAT Version 4.7.0.0

Soil Data

Experimental Data

Weather Data

€ DSSAT / dssat-csm  povase

< Code Issues @ [ Pull requests 3

> @ FruitCrops DSSAT Cropping Systems Model

D 2243 commit ts P 4 branches

i Projects 0

@Uamarche 20 e 8 Yhok 86

Wiki | Insights

136 releases 2827 contributors

Brand develop v | New pull request

(D crporter nctuse Corvarsicator
- vscode
- CSM_Main

™ Data Rever

)
e
;

me stamps

Seasonal Analys|

I Utilities
Reference
My Shortcuts

[ 20°C rainfed wheat with CO, effects |

(a) CAM4-2° pDSSAT  (f) CAM4-2° GEPIC (k) CAM4-2°

(b) CanAM4 pDSSAT  (g) CanAM4

LPJmL

GEPIC (/) CanAM4
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(d) MIROCS LPJmL

pDSSAT (i) MIROCS GEPIC () MIROCS
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Figure 4. Projected rainfed wheat yield change (compared with HAPPI 2006-2015 current period). Columns show different
global gridded crop models ((a—e) parallel Decision Support System for Agrotechnology Transfer, pDSSAT; (f-j) Geographic
Information System-based Environmental Policy Integrated Climate, GEPIC; and (k-0) Lund-Potsdam~Jena managed Land,
LPJmL), and rows show five HAPPI GCMs that provided driving climate projections. Grid cells with less than 10 ha of wheat not
shown.

(DSSAT) Version is a software application program that comprises
6),

hanagement programs for soil, weather, and crop management and
ms. The crop simulation models simulate growth, development and

many applications ranging from on-farm and pracision management
and climate change. It has been in use for more than 20 years by
pwers, and policy and decision makers in over 100 countries

ding guidelines.




Technology Potential Assessments Case Study #4

MAIZE RICE WHEAT
Drought Tolerance (DT) ]5% 12% _16%
Heat Tolerance (HT) I 1 32% ] 6% I 20%
Integrated Soil Fertility Management (FM) 9% L 121% L 114%
N Use Efficiency 1IN 16% D 34% I 1%
Scenarios of Change No-Tilt (NT) I 28% IR 32%
Precision Agriculture (PA) __]8% _ 118% _ 26%
Water Harvesting (WH) ] 4% 11%
Irrigation - Drip [] 1% 7%
Irrigation - Sprinkler || 1% W 4%
Organic Agriculture | 0% | 0% ] 0%
Crop Protection (Diseases) __] 7% __19% ___110%
« Rainfed, low-input Abiotc and biotc wea, | | by location, e, Crop Protection (Insects) ___]9% 7% 7%
« Rainfed, high-input Sriein il i , Production®, Eii‘s‘*{r‘;"f{‘“’ e Crop Protection (Weeds) I 12% 8% 7%

* |rrigated Yield",
0% 20% 40% 0% 20% 40% 0% 20% 40%

Areai‘ ity _
/Produchun‘ i
Yield, g

SPAM (Baseline patterns of crop distribution and performance)

Key system attributes

* Cropping patterns/intensities

* Germplasm and input choices

* Water and nutrient management
* Pest and disease management
* Tillage practices

Yield Impact Yield Impact Yield Impact




= Simulation of Risk Management Policy Options

Case Study #5

FIGURE 6 INTEGRATED ANALYTICAL FRAMEWORK

Weather and climate data
Rainfall, temperature (maximum, minimum)

Crop management options
Seed varieties, fertilizer, irrigation,
crop calendar

Crop and livestock data
Herd size by type of livestock

Social accounting matrix
Producers, households, government

Market policy options
Foreign trade taxes and subsidies,
social safety nets

Source: Authors.

—
Crop yield impacts
$ Spatial crop models (DSSAT)
Yield outcomes
e

Yields by crop and region under alternative
technologies and practices

Production impacts
——)  Statistical trends analysis

Supply outcomes
Quantities by crop, livestock
type, and region

==p Economywide impacts
Dynamic spatial CGE and microsimulation model

Economic outcomes
National and agricultural GDP, rural and
urban poverty, and so on

Note: CGE = computable general equilibrium; DSSAT = Decision Support System for Agrotechnology Transfer; GDP = gross domestic product.

Household consumption losses during

strong El Nifo events in Ethiopia
(percentage reductions)

7 Poorest quintile
3.6%

m All households 3.4%
2.6% 2.5% 2.6%
1.0% 0.9% 0.9%
0.4%
0.2%
Without Food import Distribute stored  Cash transfers Combined
interventions subsidies grains

With interventions



More Sophistications

€» Modeling to understand A
considerably more "
complexity in changes In
yields at the pixel-level.

Moxico: _

€» Capability to understand
possible unintended
consequences (e.qg., 10
export ban in Zambia
Increased poverty of net
sellers)

Simulated yield differences between baseline and El Nifio in
2015/16 in Zambia



= Learn More

Case Studies
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