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Understanding seasonal patterns of jetstreams, hazardous weather, 
typhoons, fog, surface winds, etc. allows air traffic control and airlines to 
plan routes, schedules, and operations strategically. Forecasts and 
decision tools allow for better tactical and operational planning.  

Airlines can take advantage of tailwinds in the jetstream, and avoid strong 
headwinds to reduce fuel burn. This presents exploiting, or harnessing, the 
weather as a key leverage point  in the fight on CO2 emissions and 
greenhouse gases.

Executive Summary
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Fuel burn represents a significant cost to 
airlines, and to the environment. This poses 
a threat to sustainable growth of aviation.  

New technology in the cockpit, and 
enhancements to navigation systems free 
modern aircraft from having to navigate by 
ground-based navigation aids. 

Flexible Routings and Free Route Airspace, 
coupled with advanced aircraft and 
improved technology, allow the industry to 
harness the power of weather to reduce 
their fuel costs and CO2 emissions. 

Industry research shows nearly 40% savings 
in CO2 emissions can be obtained through 
flight path trajectory optimisat ion. 
Significant savings (average 1 - 2%) in fuel 
costs and CO2 emissions can be realised 
through enhanced fl ight p lanning 
techniques harnessing weather. 
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By 2020, global international aviation emissions are projected to be 
around 70% higher than in 2005.(4) As traffic increases, so too does the 
pressure on airlines, industry and governments to minimise flight times, 
improve fuel efficiency and reduce carbon emissions; while maintaining 
and improving levels of safety. 

The International Air Transport Association (IATA) and ICAO recognise 
that future air traffic management and airspace planning must consider 
innovative planning mechanisms and use of technology in order to 
sustain continued traffic growth and achieve global aviation industry 
targets; while ensuring and continually improving safety.  

• Air transport 
accounts for 2% of 
global man-made 
CO2 emissions. (1) 

• In the next 15 years (by 2034), both 
air passenger traffic and air freight 
traffic are expected to more than 
double, compared to 2016. (2) 

• Asia/Pacific shows the strongest forecasted 
regional traffic growth. 

• By 2050, global international aviation 
emissions could grow by a further 
300-700% over 2005 levels according 
to forecasts by the International Civil 
Aviation Organization (ICAO). (3)

Aviation 
Environmental Impact
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Towards 
Sustainable Growth
The aviation industry recognises the need to address 
the global challenge of climate change and in 2009 
adopted a set of ambitious targets to mitigate CO2 
emissions from air transport:(5)  

 An average improvement in fuel efficiency of 1.5% 
per year from 2009 to 2020. 

 A cap on net aviation CO2 emissions from 2020 
(carbon-neutral growth). 

 A reduction in net aviation CO2 emissions of 50% by 
2050, relative to 2005 levels. 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CO2 emissions per seat kilometre have decreased  

80% since first jet aircraft. (6)  

Deployment of sustainable aviation fuels could 
reduce CO2 emissions as much as 80% compared 
with traditional fuel.  

It is expected that a million commercial flights will 
have taken place using a blend of alternative fuel by 
the end of 2020.(8)  

Each new generation of aircraft is 
roughly 15% to 20% more efficient 

than the previous generation. (7)  

The aviation industry must use a variety of methods to 
reduce CO2 emissions - e.g., biofuels, fuel efficiency,  
how we fly.



Studies by IATA’s Green Team under the Fuel Efficiency Gap Analysis Program 
(FEGA) revealed that: 

38% of savings in emissions were attributed to flight trajectory 

optimisation using enhanced flight planning techniques. Compared 
to infrastructure improvements at 12%.(9) 

• New technology in the cockpit and 
enhancements to navigation systems 
free modern aircraft from having to 
navigate by ground-based navigation 
aids. These new technologies have the 
potential to open the airspace as well. 

• But we are flying the old way; fixed 
ro u t e s . A i r s p a c e n e e d s t o b e 
e f f e c t i v e l y m a n a g e d a n d n e w 
technologies fully utilised to handle 
more aircraft and increase efficiency. 
Hence, the development of flexible 
tracks (Flex Tracks) in Free Route 
Airspace (FRA). 

• Aircraft range and capabilities are also 
increasing. Ultra Long Haul (ULH) 
flights are chal lenging today's 
outdated airspace structure and 
published route network. Air traffic 
services (ATS) are coming under 
increased pressure to accommodate 
Flex Tracks and dynamic routing, and 
ease facilitation across jurisdictions. 

How We Fly

Not Just Increasing  
Fuel Efficiency & Biofuels
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80% of aviation CO2 emissions are emitted from 
flights of over 1,500 kilometres, for which there is 

no practical alternative mode of transport.(10)

Aircraft and ground systems are sophisticated enough to support Flex Tracks. 
A flexible route network framework will enable airlines to leverage weather 
using their flight planning systems to generate appropriate routes in response 
to prevailing wind conditions, etc. We can take advantage of dynamic or 
flexible tracks in FRA based on today’s winds, temperatures and weather.



Fuel Planning
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33% of the operating costs of airlines is spent on fuel; 

up from 13% in 2001. This proportion is likely to rise further 
as fuel prices go up. So this alone is a major incentive for 
the whole industry to focus on fuel efficiency.(11)  

Airlines flight plan the optimum route taking into account 
many factors, including: 

 Payload & aircraft performance capabilities 

 Upper level winds and temperatures 

 Airspace restrictions; EDTO*; RVSM** 

 Significant weather avoidance (storms, typhoon/
tropical cyclone, volcanic ash, turbulence) 

 Air Traffic Control (ATC) navigation charges 

Upper winds and temperatures have a direct influence on 
fuel burn and on the carbon footprint. These change by 
time of day, season, and geographical area of flight; 
requiring strategic and tactical planning around weather. 

Airlines already have a strong incentive to emit less: 

an airline reduces its fuel costs by approx. 225 USD 

for each tonne of CO2 it is able to avoid. (12) 

6
* EDTO = Extended Diversion Time Operations |** RVSM = Reduced Vertical Separation Minimum



Emirates: DXB - SYD / DXB - MEL (A340-500) Fuel (kg) Time (mins) CO2 (kg)

Average Savings per flight (Total: 592 flights) 1000 6 960

Savings in 10 months - 27 Jun 05 - 19 Apr 06 628,000 3418 [56.7 hours] 546,880
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Harnessing the Weather Using Flexible Tracks

JULY

FEBRUARY

(16) 

 Flex Track: A non-fixed ATS route 
calculated on a daily basis to provide 
the most efficient operational flight 
conditions between specific city pairs.  

 Within Free Route Airspace (FRA), a 
flexible route allows airlines to 
leverage their flight planning systems 
to take advantage of today’s weather, 
prevailing winds, and temperatures. 

 Understanding seasonal patterns of 
hazardous weather, typhoons, fog, 
winds, etc. allows ATCs and airlines to 
p l a n r o u t e s , s c h e d u l e s , a n d 
operations strategically. Forecasts and 
decision tools allow for better tactical 
and operational planning.

YSSY

OMDB

YMML

NOTE: CO2 figure is derived using: 1 minute reduction saves CO2 emissions of 160 kilograms. (17) 

Average 34,000 ft Winds

1981-2010

Jetstream

WEATHER SITUATION  
In February, the South Indian 
Ocean is impacted by Tropical 
Cyclones, and the Monsoon.  
 
In July, India and SE Asia is 
affected by the Monsoon.

JULY

Dubai (OMDB/DXB) to Sydney (YSSY/SYD) & Melbourne (YMML/MEL) 

(13) 

(14) (15) 
Photo: Dutcher (2019) after IRI-Columbia.



Eastbound: São Paulo (SBGL/GRU) to Dubai (OMDB/DXB) - Tracks for December and June

Emirates: GRU - DXB (B777-200) Fuel (kg) Time (mins) CO2 (kg)

Average Savings per flight (YR 2010) 1557 kg 19 mins 4905

Range - Average Savings per month 1020 - 3012 kg 12 - 37 mins 3213 - 9488 kg
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Harnessing the Weather Using Flexible Tracks

Fixed Route

JUNE

DECEMBER

Eastbound

(18) 

(19) 

SBGL

OMDB  Flex Tracks are designed to 
p r o v i d e c o s t s a v i n g 
opportunities for airlines and 
benefits to the environment 
through significant reduction 
in fuel burn. 

 Airlines can take advantage 
of tailwinds in the jetstream, 
and avoid strong headwinds. 
This presents exploiting, or 
harnessing, the weather as a 
key leverage point  in the 
fight on CO2 emissions and 
greenhouse gases.

Min Fuel Flex Track: 12:55 & 99.2 Tonnes  
Actually flown track: 13:28 & 104.0 Tonnes  
Flex Track Potential Savings: 33 minutes  
       4.87 Tonnes of Fuel        
                 15.3 Tonnes of CO2. 

Example: EK262 / 08 Feb 2011 
(20) 

 Upper winds and temperatures have a direct influence on fuel burn and on the carbon footprint.



• It’s true using climatology to know 
where the jetstream is going to be as 
the seasons change, will save you 
money in reduced fuel burn and CO2 
emissions. 

• However, a clear understanding of 
today’s weather (and the coming days) 
will help flight planners and pilots to 
avoid turbulence, including clear air 
turbulence, and other adverse weather. 

• Knowing where and when to use the 
jetstream is critical to safety. Reducing 
diversions due to injuries will also save 
fuel, added CO2 emissions, and costs 
associated with ferry flights, etc. 

Not Just 
Use The 
Max Wind

When to Use the Jet
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(23) 

Note: Assume Average Cost per Flight Attendant Injury at Airline#1 & Airline#2 is $10,000 

Airline & Years Injury Rate per 100K hours Cost per Year Avoided Total Costs Avoided

NWA (1996-2001) 4.85 Base Base

Airline #1 (1996-99) 8.80 $447,426 USD $1,789,704 USD

Airline #2 (1996-98) 16.56 $1,325,299 USD $3,975,897 USD

Flight Attendant Injury Rates & NWA Costs Avoided using Turbulence Plot System

9

IATA data reveals that 25% of 
serious injuries in turbulence result 
in a diversion. One flight diversion 
can cost $150,000 USD.(21)

IATA estimates the cost to airlines of turbulence-related 
injuries to cabin crew (including lost workdays and medical 
bills) at more than $65.8 million USD per year. (22) 

Some airlines are using proactive weather risk control 
solutions to reduce their injury rate and associated costs.

(23) 

Photo: US Navy - FNMOC

NWA = Northwest Airlines



Benefits
Some of the benefits that have accrued from IATA’s Flex 
Route program (iFLEX) allowing optimum use of 
jetstreams include: (24)  

Reduced flight operating costs  
1% to 2% of operating costs on long-haul flights 

Reduced fuel consumption  
1% to 2% on long-haul flights 

More efficient use of airspace  
Access to airspace outside of fixed airway structure 

More dynamic flight planning  
Airlines able to leverage capability of sophisticated 
flight planning systems;  

Reduced carbon footprint  
Savings of over 3,000kg of CO2 on long-haul flights 

Reduced ATC controller workload  
Aircraft spaced over a wider area 

Increased passenger and cargo capacity 
Approx. 10 extra passengers on long-haul flights 

10© John Dutcher (2019)
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Comparison of Savings in Flight Time and Fuel Burn using Flex Routes 
GRU-DXB flights throughout the Year 2010 (25) 

São Paulo - Dubai



Comparison of Flight Time and Fuel Burn using Fixed & Flex Routes 
GRU-DXB flights throughout the Year 2010

Note: Figures are approximate. 

Someone flying from London to New York and 
back generates roughly the same level of 
emissions as the average person in the EU does 
heating their home for a whole year. 
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(27) 

São Paulo - Dubai
GRU DXB

Depart 
Airport

Arrival 
Airport

No. 
PAX Cabin Class Trip Aircraft Fuel 

Burn (kg)
Total PAX’ 
CO2 (kg) 

LHR JFK 1 Economy Round Trip 105,244.3 666.8

(28) 



• Globally, 67% of all flights in 2018 
were domestic. These account for 
approximately one-third of global 
revenue passenger kilometers 
( R P K s ) , a n d 4 0 % o f g l o b a l 
passenger transport-related CO2 
emissions.  

• Benefits gained on long-haul flights 
from wind optimised flight paths 
can also be obtained from shorter 
domestic flights. 

• I ATA’s i F L E X p r o g r a m a l s o 
examined Free Route Airspace and 
short-haul, domestic operations.  In 
an example 2 hour 20 minute flight 
from Madrid to Frankfurt, over 3% 
in flight and CO2 efficiencies were 
possible.  

• Eurocontrol’s 2019 European Route 
Network Improvement Plan makes 
the implementation of Free Route 
Airspace and other a i rspace 
structure improvements a priority.

Domestic
Not Just Long Haul Flights
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Frankfurt

Madrid

Savings  
Time: 8 minutes 
Fuel: 621 kg / 1,369 lbs 
CO2: 1,956 kg / 4,312 lbs

Flex Route

Fixed Route

(32)

Madrid - Frankfurt  
Flight Time: 2h 20 minutes 
GC Distance: 768 NM / 1,422 km

(30)

(33)

% of 
Total CO2

2%

6%

2%

22%

28%

39%

Intra-Asia/Pacific
Intra-North America
Intra-Europe
Intra-Middle East
Intra-Latin America/Caribbean
Intra-Africa

(29)

% of Total CO2 emissions from 
passenger transport in 2018 - 
Intra-region travel

2018

(31)

On short-haul flights (less 
than 1,500 km), the average 
carbon intensity is about 35% 
higher than the medium-haul 
flight average. (34)



• Regardless of flight duration, adverse 
weather, winds and temperatures in 
the terminal and airport environment 
can have a massive impact on safety, 
operational efficiency, fuel burn and 
CO2 emissions. 

• Airline dispatchers must account for 
the possibility of delays due to 
impeding weather phenomena and 
decide whether extra fuel should be 
loaded onto an aircraft.  However, 
carrying fuel, burns more fuel. Hence, 
higher fuel costs and CO2 emissions. 

• To overcome the limitations of current 
weather products and forecasts, some 
airlines and cargo operators, airports 
and ATCs have started to use 
specialised weather support, and 
customised weather information. This 
allows them to be more proactive in 
dealing with weather, fuel planning, 
and efficient operations.

Airport
Holding & Weather Impacts

13
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(40)

Proactive Forecasting Systems for Fog & 
Other High Impact Local Airport Weather (38) (39)

Photo: zzathras777 via Flickr

(35) (36)

Fewer Fuel Stops
10%

Fewer Diversions
30% Reduced Fuel Burn or Payload Substitution

60%

Reduced Fuel Burn or Payload Substitution
Fewer Diversions
Fewer Fuel Stops

(37)

Value of Aerodrome Forecast Accuracy Improvement

$12.5M
Savings 
per year

Avoidable Delays

Avoidable Cancellations

0 6.5 13

6.9%

12.2%

Due to Inaccurate Weather Forecasts

A Study in the USA found $330M 
annually due to  avoidable weather 

delays & cancellations  
[Terminal Weather Forecast & Arrivals Only]

(42)

A Canadian study estimates the benefit of a 100% 

accurate terminal aerodrome forecast (TAF) at 

Canadian airports at $12.5M annually; as a 

conservative number. This would translate into an 

order-of-magnitude higher potential benefit for 

the traffic demand levels typical for Asia / Pacific 

region and countries with larger traffic volumes.(41)



• The best performing airlines and 
airports are integrating key weather 
information into the decision 
making processes, including route 
planning and scheduling, traffic 
flow management, flight planning, 
fuel planning, resource protection, 
safety and operational efficiency. 

• To reduce fuel burn and CO2 
emissions we must make it easy to 
use weather to our advantage, and 
proactively manage its impact. 
Airlines, ATC, and airports can 
leverage applied climatology and 
meteorology to capitalise on recent 
a d v a n c e m e n t s i n a i r c r a f t 
technology, navigation and air 
traffic management. 

Supporting 
Decision 
Making

Reducing CO2 Emissions

14
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(45)

The aviation industry must move from reactive, 
short-term weather avoidance towards more 

strategic, proactive management approaches. 

(43)
(44)

Weather Decision Support is the Future – Translate Weather into Impacts

We must distill weather information into valuable tools to support and enhance decision-making, 
leading to improvements in safety and operations. The greatest potential for impact in the future 
is in integrating weather forecasts into decision-making, and coordinating activities through 
strategically directing resources using a risk based, systematic approach aimed at minimising 
the impact of weather on operations and safety.

Weather Risk Management System (WRMS) as part of an Airline’s Management Systems 



• Fuel burn represents a significant 
cost to airl ines, and to the 
environment. This poses a threat 
to sustainable growth of aviation.  

• New technology in the cockpit, 
and enhancements to navigation 
systems free modern aircraft from 
having to navigate by ground-
based navigation aids. 

• We must take advantage of these 
improvements to shift the way we 
use airspace to increase capacity, 
efficiency, and reduce fuel burn 
and CO2 emissions. 

• Industry research shows significant 
savings in fuel costs and CO2 
emissions can be realised through 
flight path trajectory optimisation 
using enhanced flight planning 
techniques harnessing weather.

Conclusion 
Safe & Sustainable Aviation

15
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Airlines, ATC, and airports can leverage applied climatology 
and meteorology to capitalise on recent advancements in 
aircraft technology, navigation and air traffic management.

Flexible Routings and Free Route Airspace presents the industry with an 
opportunity to harness the power of weather. Airlines can take advantage 
of tailwinds in the jetstream, and avoid strong headwinds. This presents 
exploiting, or harnessing, the weather as a key leverage point  in the fight 
on CO2 emissions and greenhouse gases.
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International Aviation Meteorology Experience 

Our team has experience with aviation meteorology in both 
hemispheres, and the tropics - international and domestic 
flight operations. Our team applies this combined capability 
to provide the most appropriate aviation centric weather 
advice and assistance to airlines, airports, and air navigation 
service providers (ANSPs). Harness the power of weather!  

Decision Support / Human Factors / System Safety 

Our team includes expertise in safety, human factors & 
cognitive engineering applied to weather. We work with 
your organisation to develop a weather risk profile, and to 
design and develop processes and Weather Decision 
Support Tools. We will work with your team to develop 
procedures to operationally integrate and use weather 
information to reduce CO2 emissions, fuel costs and 
improve safety. 

Weather Risk Management Expertise

© John Dutcher (2019)

Photo: Climate Reanalyzer (https://ClimateReanalyzer.org), Climate Change Institute, University of Maine, USA
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Services

© John Dutcher (2019)
Photo: NOAA

 Our Services include developing or conducting: 

Sustainable Weather Fuel Planning Gap Analysis,  

Weather Impact Assessments, 

Weather Decision Support Tools, 

Airport & Route Climatologies,  

Operational Safety Studies & Research,  

Weather-related Investigations, 

Procedure & Manual Writing,  

Document and Plan Review, 

Consulting and Capacity Building, 

Crisis Management Weather Plans, 

Case Study Development, and  

Training Development.

Photos: Dutcher, 2014
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Photo: US Navy - COAMPS-TC

Aviation Weather Alerts & Insight Briefs 

These customised weather alerts & briefs provide in-depth 

analysis of any weather-related element of significant 

concern to your operation. We look at the wider picture, 

the causes and effects, and forecast potential impact on 

operations. This allows your company to plan and allocate 

resources where and when needed to effectively manage 

the impact and risk of weather.



Training
Airports, airlines and ATC must learn how to make 
maximum use of weather through leveraging their flight 
planning systems and equipment to generate appropriate 
routes in response to prevailing winds, temperatures, 
VOLASH, typhoons/tropical cyclones, turbulence, etc. 

Aviation Meteorology Training 

We offer a variety of applied aviation meteorology courses 
allowing you to leverage airspace and aircraft capabilities 
to use weather to your advantage, and minimise weather 
risk and impacts. Courses include: 

Applied International Aviation Meteorology 

Conducting Effective Flight Weather Briefings  

Weather for Sustainable Fuel Planning 

Monsoon Operations & Various Refresher Courses 

Aviation Weather Risk Management 

We offer training to companies to help them identify and 
mitigate weather-related risk. We show you how weather 
impacts your operations, and how to effectively monitor 
and manage operational weather risk. 

© John Dutcher (2019) 19
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