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Climate-Smart Agriculture ? 

The SMART USE of CLIMATE INFORMATION 
in CLIMATE-SENSITIVE DECISION MAKING 
by AGRICULTURAL STAKEHOLDER 

(FAO) 
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“Climate-smart agriculture story” 
                                 by 

Farmer Smart 

Farmer Smart 

Climate-Smart Agriculture 



4 

“Climate-smart agriculture story” 

Farmer Smart 

- El Nino advisory 

- Drier than normal 
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“Climate-smart agriculture story” 

Farmer Smart 

□ Managing Planting date 

- El Nino advisory 

- Decision-support tool : Selection of 

high-yield planting date and variety 

- Drier than normal 
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“Climate-smart agriculture story” 

Farmer Smart 

- El Nino advisory 

- Decision-support tool : Selection of 

high-yield planting date and variety 

- Drier than normal 

- Insect infestation increases, thus 

cultivated Underhill for insect control 

□ Managing Pest control 
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Seasonal rainfall outlook : drier 

than normal => less soil moisture 

during cropping season 

No-till Drill 

“Climate-smart agriculture story” 

Farmer Smart 

- El Nino advisory 

- Decision-support tool : Selection of 

high-yield planting date and variety 

- Drier than normal 

- Minimum tillage to protect stored  

soil moisture 

- Insect infestation increases, thus 

cultivated Underhill for insect control 

□ Managing tillage 
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“Climate-smart agriculture story” 

Farmer Smart 

- El Nino advisory 

- Decision-support tool : Selection of 

high-yield planting date and variety 

- Drier than normal 

- Minimum tillage to protect stored  

soil moisture 

- Insect infestation increases, thus 

cultivated Underhill for insect control 

- Informed farm management based on  

weather and climate information 

□ Managing farm activities 

Informed decisions based on weather/climate information 

☞ Weather and Climate Forecasts         

☞ Disease Risk Forecasts 

☞ Irrigation scheduler 
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“Climate-smart agriculture story” 

Farmer Smart 

- El Nino advisory 

- Decision-support tool : Selection of 

high-yield planting date and variety 

- Drier than normal 

- Minimum tillage to protect stored  

soil moisture 

- Insect infestation increases, thus 

cultivated Underhill for insect control 

- Informed farm management based on  

weather and climate information 

wheat 
Production 

(mt) 

wheat 
market Price 

($/kg) 

□ Harvesting & Marketing 

Relation between climate and wheat production 

- Did NOT forward sell hay, decided 

to harvest the actual wheat 

Market 

and market price 
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Market 

“Climate-smart agriculture story” 

Farmer Smart 

- El Nino advisory 

- Decision-support tool : Selection of 

high-yield planting date and variety 

- Drier than normal 

- Minimum tillage to protect stored  

soil moisture 

- Insect infestation increases, thus 

cultivated Underhill for insect control 

- Informed farm management based on  

weather and climate information 

 

□ Harvesting & Marketing 

Relation between climate and wheat production 

- Sold a little for cash, but stored 

quite amount for higher priced market  

and market price 

- Did NOT forward sell hay, decided 

to harvest the actual wheat 

Wheat 
Market Price 

($/kg) 

Lag 

wheat 
Production 

(mt) 



What needed to be climate-smart? 

1. Tailored weather/climate information (Observed, Forecasted)  
     - Available, Accessible, Usable and Fairly Accurate  

2. Agriculturally-relevant, translated information 
     - Crop Yield, Pest/Disease Risk, Market Price Predictions 
     - Heat/Water Stress Index, AgroMet Index, Spray Index 
     - Agro-Advisories, Early Warnings  

3. Capacity building opportunity 
     - Climate Field School, Extension Meetings 
     - National/Local Climate Outlook Forum 

4. Success story 
     - ‘Farmer Smart’ (Champion Farmers) 
     - Knowledge/Technology Sharing Platform 

5. Institutional/governmental support 
     - Safety Net, Incentive, Policy, Market Access, Extension  
     - Inter-Departmental Collaboration  



Tailored weather/climate information 

Weather/climate information AVAILABLE 

(Source: http://slideplayer.com/slide/1447561/) 

Weather Forecast 

Climate Change 
Scenario 

Subseasonal to Seasonal  
Forecast 

Short-range 

Medium-range 

Weather Observation 



Tailored weather/climate information 

Weather/climate information AVAILABLE 

 

Short term (1-3 days) forecast  
o Decide whether to sow or not to sow  

o Decide irrigation based on rainfall forecast  

o Decide to harvest or not to harvest  

o Management of labor and equipment  

o Livestock protection from cold and heat  

o Fertilizer and pesticide applications  

 

 

Medium range (5-7 days) forecast  
o Irrigate water during the dry period  

o Planning of planting date  
 

Seasonal forecast (3-6 months)  
o Cropping strategy for the season  

o National planning on response   

    activities and budget for relief and  

    rehabilitation  
o Estimating the likely crop production  

    to plan importing food crops  

 

 

Climate change scenarios (>10 years) 
o Land use planning  

o Planning on cropping system and  

     crop varieties  
o Investing on building infrastructure  

 

Observation  
o Historical, long-term data  

o Monitoring and analysis 

o Immediate action based on monitoring 

o Mostly from weather stations  

(Adopted from Jothiganesh S., 2016) 

Seamless weather/climate information  



• Historical and forecasted      
meteorological data 

• Radio, TV, Newspaper, etc 

• Web, mobile-based ICT services     
(email, text message, push-alarm) 

• Face to face communication      
(meetings using comm. tools     
such as agro-advisory bulletin,  
weather/climate board) 

Tailored weather/climate information 

Weather/climate information ACCESSIBLE 



• Temporal, spatial downscaling to daily, local scales 

- Dynamical downscaling with WRF,  
   Reanalysis, and satellite data 
  (observation, ~1 km grid, >30 years) 

- Statistical, dynamical, or hybrid downscaling of  
  weather/climate forecast 

- ENACTS(Enhancing National Climate Services) by IRI 
  (observation, satellite + station, ~5 km grid, >30 years) 

• Tailored information for agricultural use 
- 3-month average rainfall vs Season Onset, Duration, Extremes, Wet/Dry Spells 

Tailored weather/climate information 

Weather/climate information USABLE 



Tailored weather/climate information 

Weather/climate information USABLE 

(Yun, 2011) 

9℃ 

8℃ 

° 



Tailored weather/climate information 

Weather/climate information ACCURATE 

APCC has developed a climate prediction 
system based on a Multi-Model Ensemble 
(MME) technique, which collects seasonal 
forecast data from 17 institutes in 11 
economies 

• APCC Multi-Model Ensemble (MME) Seasonal Forecast 



Tailored weather/climate information 

Weather/climate information ACCURATE 

MME prediction skill for 

   El Niño impact analysis 

    (w/ UNDP, UNESCAP, UNOCHA, RIMES) 

• APCC Multi-Model Ensemble (MME) Seasonal Forecast 

APCC 



What needed to be climate-smart? 

1. Tailored weather/climate information (Observed, Forecasted)  
     - Available, Accessible, Usable and Fairly Accurate  

2. Agriculturally-relevant, translated information 
     - Crop Yield, Pest/Disease Risk, Market Price Predictions 
     - Heat/Water Stress Index, AgroMet Index, Spray Index 
     - Agro-Advisories, Early Warnings  

3. Capacity building opportunity 
     - Climate Field School, Extension Meetings 
     - National/Local Climate Outlook Forum 

4. Success story 
     - ‘Farmer Smart’ (Champion Farmers) 
     - Knowledge/Technology Sharing Platform 

5. Institutional/governmental support 
     - Safety Net, Incentive, Policy, Market Access, Extension  
     - Inter-Departmental Collaboration  



Agriculturally-relevant information 

Climate Services for Agriculture 

 ∙AgroMet Station Network 

 ∙Agro-Climate Modeling  



Seasonal Rice and Pest Outlook 

(By Dr. Amor Ines, Dr. Eunjin Han @ IRI) 

Climate-Agriculture Model Decision Tools (CAMDT) 

Agriculturally-relevant information 



Agriculturally-relevant information 

Probabilistic Seasonal Climate Forecasts 

• Tercile-probabilities (Below -,  Near - and Above Normal) at seasonal 
time scale (typically 3 months) 

BN: 90% 
NN: 5% 
AN: 5%  

(Adopted from Han et al, 2016) 



Agriculturally-relevant information 

Linking probabilistic seasonal climate forecasts with crop models 

• Crop models require daily weather inputs for simulating 
crop growth 

Example DSSAT weather input 

Example DSSAT plant growth output 

DOY YY 

(Adopted from Han et al, 2016) 



Agriculturally-relevant information 

Linking SCF with crop models  

Seasonal 
Climate 

Forecasts 

Cropping 
system  
models 

Yield forecasts, 
water balance 

etc. 

<<<Bridge the 

GAP>>> 

•  Tercile-based Forecasts 
•  Full dist’n-based Forecast 

Temporal downscaling of 
tercile-based probabilistic SCF 
1) Stochastic disaggregation 

(PredictWTD) 
2) Resampling (Fresampler) 
3) WG-based resampling 

(Adopted from Han et al, 2016) 



Agriculturally-relevant information 

Stochastic Disaggregation Tool (PredictWTD) 
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Example forecast CDF from PILI.WTD 

• Conditioned weather generator 
• Parameterizes long-term 

observed weather 
• SCF is translated into monthly 

target values either as rainfall 
amount, frequency or intensity 
which are used to constrain the 
weather generator for 
generating daily forecast 
realizations.  

• Precipitation is modeled by a 
two-state second-order hybrid 
Markov chain.  

 

(Adopted from Han et al, 2016) 



Agriculturally-relevant information 

Resampling tool (FResampler1) 

• Uses the concept of ‘conditional block sampling’ of weather 
data, based on probabilities of rainfall forecast categories 

• Conditional block sampling is a way of randomly drawing, 
from historical records, time series of daily weather 
parameters e.g., rainfall, Tmin, Tmax and SRad, for the season of 
interest from years that belong to a certain rainfall tercile 
category e.g., being BN, NN and AN.  

• Block sampling also preserves the covariance of other 
weather parameters with rainfall as if conditionally sampling 
Tmin, Tmax and SRad if that day is wet or dry. 

(Adopted from Han et al, 2016) 



Agriculturally-relevant information 

Resampling tool (FResampler1) 

Long-term weather data (WTD file) 
Example WTD file 

At least 30 years daily weather  containing  
 - solar radiation (MJ/m2 day) 
 - maximum temperature (°C) 
 - minimum temperature (°C) 
 - rainfall (mm) 

 

(Adopted from Han et al, 2016) 



Agriculturally-relevant information 

Resampling tool (FResampler1) 

Example auxiliary output from FResampler1 
 four auxiliary output files: 
- Resampled-belowN.txt – stores the years 
sampled for below normal category 

- Resampled-nearN.txt – stores the years 
sampled for near normal category 

- Resampled-aboveN.txt – stores the years 
sampled for above normal category 

BN: 20% AN: 50%  NN: 30% 

(Adopted from Han et al, 2016) 



Agriculturally-relevant information 

WG-base Resampling tool 

Similar to the ‘FResampler1’  
But using weather generator, more than 300 weather realizations with the 
similar parameters are generated. 
And sampling takes place from the weather pool with more than 300 
weather data.     

Mahalanobis 
distance 

Monthly 
Averaged 
Historical 

Weather Data 

Historical Weather 

Data (ASOS, 30yr) 

Reference Weather 

Data Bank (>1,000) 

A Best-fit Synthetic 

Weather Data 

A Bias-corrected 

Best-fit Weather Data 

bias correction 

100 Best-fit Synthetic 

Weather Data 

100 Bias-corrected 

Best-fit Weather Data 

temperature, precipitation 

Seasonal 
Climate 
Forecast 

Weather 

Generator 



Agriculturally-relevant information 

Outputs of PredictWTD, FResampler1, WG-based sampling 

• Output: n realizations of Agro-Model-compatible weather file 
(*.WTH) 

Example WTH file Example: generated output WTH files (2008) 

(Adopted from Han et al, 2016) 



Seasonal Rice and Pest Outlook 

Climate-Agriculture Model Decision Tools (CAMDT) 

Yield 

Pest 

Agriculturally-relevant information 



Seasonal Rice and Pest Outlook 

Agriculturally-relevant information 



Climate Services for Agriculture 

SCF: Seasonal Climate Forecast 
WF : Weather Forecast 

Web-based, mobile-compatible 
Decision Support System 

- Weather/Climate Information 

- AgroMet Indices (SCF-based) 

- Crop Yield Prediction (SCF-based) 

- Crop Disease Spray Planner 

- Climate Smart Farming (SCF-based) 
   = traditional knowledge inventory 

- Crop Management Simulator (SCF-based) 

Tonga Climate Service for Agriculture (ToCSA) 

▪ Historical and Forecast (WF&SCF) Data 

(http://met.gov.to:2016) 

- Text message, push alarm, easy bulletin 

- Extension Diary 

Agriculturally-relevant information 

http://met.gov.to:2016/


Climate Services for Agriculture 

Soil-Water-Atmosphere-Plant relationship model 

Crop water stress index  
Forecast-based    

  irrigation management 

• Climate smart irrigation using the crop water stress index 

Agriculturally-relevant information 



Climate Services for Agriculture 

• Seasonal market price estimation based on seasonal climate forecast 
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Agriculturally-relevant information 



Early Warning for Agricultural Disasters 

• AgroMet Disasters Warning 

- Drought 
- Flood 
- Frost 
- Freeze 
- Heat 
- Wind 

High 

Medium 

Low 

FROST WARNING 

observed forecasted 

Agriculturally-relevant information 



(Bicol Agri-Water Project) 

Agro-Advisory 

Agriculturally-relevant information 



Farmer Field School, Extension Meetings, Trainings 

Tonga Farmer Field School 

• Face-to-face comm.  
  - knowledge exchange 
  - training of trainers 

• Applied climate 
education 

• Working with local 
     NGOs and champion  
     farmers 

Capacity Building Opportunity 



What needed to be climate-smart? 

1. Tailored weather/climate information (Observed, Forecasted)  
     - Available, Accessible, Usable and Fairly Accurate  

2. Agriculturally-relevant, translated information 
     - Crop Yield, Pest/Disease Risk, Market Price Predictions 
     - Heat/Water Stress Index, AgroMet Index, Spray Index 
     - Agro-Advisories, Early Warnings  

3. Capacity building opportunity 
     - Climate Field School, Extension Meetings 
     - National/Local Climate Outlook Forum 

4. Success story 
     - ‘Farmer Smart’ (Champion Farmers) 
     - Knowledge/Technology Sharing Platform 

5. Institutional/governmental support 
     - Safety Net, Incentive, Policy, Market Access, Extension  
     - Inter-Departmental Collaboration  



Holistic Approach 
        for Climate-Smart Agriculture 

Tonga AgroMet Project - Improving agricultural productivity through  
ensuring data availability and enhancing agro-climate services 

Agricultural Development Plan 

- Tonga Agriculture Sector Plan (2016-20) 
- Cooperation with local NGOs for  
    community level adaptation strategy 
- National Agriculture Data Management   
     Plan by the MAFFF 

Climate Information Services 
- Tonga Meteorological Service:  
    historical weather data, nowcast,   
    warnings, weather/climate forecasts 
- Installation of agro-met station 
- Delivery: radio, TV, email, apps 
- National Climate Outlook Forum 

       Local Knowledge and Institutions 

- Establish AgroMet Working Group 
- Capacity building for extension, NGOs,  
     commercial farmers 
- Farmer field school or national forum 
- Traditional knowledge and know-how  
     sharing 

Climate Smart Technologies 
- Agromet index-based crop phenology  
    and yield prediction 
- ICT technologies for data collection &  
    analysis, and information delivery  
  - Crop model-based decision support tool 
         - Crop pest spray tools 
 

Tonga 
Agricultural  
Community 

(Adopted from the CSV concept from CCAFS) 



Thailand Agri-Water Project - Utilization of multi-range climate 
information for risk assessment on agriculture-water resources 

Holistic Approach 
        for Climate-Smart Agriculture 



To Summarize 

1. Climate-Smart Agriculture needs: tailored weather/climate  
Information; agriculturally-relevant, translated information,  
capacity building opportunity; institutional/governmental 
support; many success stories 

2. ICT is a key supporting component for effective/efficient 
Implementation of the five areas for CSA 

3. To facilitate the uptake of CSA: 
   - Demand-driven, Local-specific, User-friendly 
   - New CSA built on existing capacity and a gradual upgrade 
     into more sophisticated one  
   - Very close involvement of stakeholders such as extension   
     workers, farmers, and relevant ministries 
   - Regular participatory meetings for feedback 
   - Long-term sustainability mattered 



 Thank-you 
 Kwang-Hyung Kim 

kh.kim@apcc21.org 
www.apcc21.org 


