
In 2019, NiagaraRegionalCouncildeclareda ClimateEmergencyin responseto IPCCglobal climate changereports. With over 2

million datapointsfrom 36weatherandclimaterecordingstationsdistributedthroughoutthe region,datingbackto the early1900s,

we created a timeline to demonstrate sustainedchangesin temperature and weather patterns. Due to the NiagarawŜƎƛƻƴΩǎ

proximity to two GreatLakes: LakeOntarioandLakeErie,the regionwassub-dividedinto three Tiersbasedon latitude to accountfor

any lake-effect. Theoverall Niagararegion temperatureshowsa graduallyincreasingtrend with a slopesimilar to the global land

temperaturetrendsacrossthe sametimespan. Thethree Tiersof Niagarashowaverageannualtemperaturesincreasingaswell, with

the centralincreasingat a slowerrate than the north, while the southshowsthe slowestincreasein temperature. Acrossthe region,

precipitationhasbeenon an upwardstrend, however,in the Centraland SouthernTiers,annualsnowlevelshavebeendecreasing,

while in the north, snowhasbeenincreasing. Acrossthe Region,the numberof dayswith a freeze-thaw cyclehavebeendecreasing,

indicating lessdayswith fluctuations in temperature above and below freezing. The number of dayswhich meet the Canadian

criteria for ΨIƻǘ5ŀȅΩhasa decreasingtrend as well for the Region. When lookingat local surfacewater and ground water in the

UpperTwelveMile Creekwatershed,it canbe seenthat there is no significantincreasein temperaturesincedatacollectionbeganin

2000. The2022IPCCreport hasmultiple temperatureandCO2 projectionsthat varybasedon the modelused. Whenusinga model

where CO2 emissionsdo not changefrom present values,the projected temperature increaseis similar to the land temperature

increaseprojectedin this report. Theprojectedtemperaturechangefrom 1900to 2050for the entire Regionis similarto the NOAA

globalland temperaturefor the sameperiod,however,this is no longerthe casewhen narrowingdown to the three RegionalTiers,

suggestingthat globaland local climate changetrends do not necessarilyequate. That begsseveralquestions; what is a Climate

ChangeTippingPoint,andimportantlyhasthe NiagaraRegionreachedits TippingPoint?

Niagara Region Graphs

Northern Tier

Central Tier

Southern Tier

Conclusions
This study and its conclusions are based on 2,350,239 data counts 
from 36 weather, one groundwater and one surface water monitoring 
stations from throughout the Niagara Peninsula, In part covering the 
years from 1900 to 2021. Evaluation of the Niagara data compared, in 
part, to the compiled data from the National Oceanographic and 
Atmospheric Administration (NOAA), Brock University, the Ministry of 
the Environment, Conservation and Parks (MECP),and the 
Government ofCanada to the following conclusions:

1. Annual air temperature in the Niagara Region from 1910 to 2021 
has increased, on average, by 1.4°C, relative to pre-industrial 
time.

2. Extrapolation of measured trends suggests that annual air 
temperature of the Niagara Region by 2050 will increase, on 
average, to about 1.8°C.

3. The modelled annual air temperature increase for the Niagara 
Region by 2050 is higher by 0.3°C than that modelled using NOAA 
temperature data for the Global Land Air Temperature.

4. Warming and trends of surface air is not uniform and equal 
throughout the Niagara Region, and we recognize three distinct 
zones.

5. ¢ƘŜ ΨbƻǊǘƘŜǊƴ TƛŜǊΩ ōƻǳƴŘŜŘ ōȅ [ŀƪŜ hƴǘŀǊƛƻ ŀƴŘ ǘƘŜ bƛŀƎŀǊŀ 
Escarpment shows an increase, on average, of about 1.2°C (1960-
2021).

6. ¢ƘŜ Ψ/ŜƴǘǊŀƭ TierΩ ōƻǳƴŘŜŘ ōȅ ǘƘŜ northern and southern tiers, 
shows an increase, on average, of about 0.8°C (1910-2021).

7. ¢ƘŜ ΨSƻǳǘƘŜǊƴ ¢ƛŜǊΩΣ ōƻǳƴŘŜŘ ōȅ [ŀƪŜ 9ǊƛŜ ŀƴŘ ǘƘŜ central tier, 
shows an increase, on average, of about 0.1°C (2000-2021).

8. Increase in annual air temperature for the northern, central and 
southern tiers by 2050 is predicted to be an additional 0.8°C, 
0.2°C, and 0.2°C, respectively.

9. Precipitation, both rain and snow, has increased from 1960 to 
2021, throughout the Niagara Region, with differential impacts in 
the three zones.

10.According to the Canadian Database, precipitation in the Niagara 
Region has increased from 864 mm (1970) to 1023 mm (2021), 
with an increasing share of rain (+ 21.1 %) over snow (+3.9 %).

11.Local climate of the Niagara Region is different from the measured 
and predicted Global models.

12.This distinction between Local and Global climate scenarios is of 
much importance to the local agricultural industry for informed 
management decisions.

13. Has Niagara reached its tipping point?

y = 7E-05x2 + 0.0006x + 13.588
R² = 0.8849
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Figure 2. Average yearly temperature of the Niagara Region, including the trendline projected until the year 2050. 

Figure 3. Average yearly precipitation in the Niagara Region separated into total rain (blue line) and total snow (red line). 

Figure 4. Average yearly temperature in the Northern latitude of the Niagara region extending almost 13Km south from lake Ontario from the 
northern part of Niagara-on-the-Lake, reaching just past the Niagara Escarpment at Queenston Heights. 

Figure 5. Average yearly precipitation in the Northern latitude of the Niagara Region separated by total rain (blue line) and total snow (red line). 

Figure 6. Average yearly temperature in the Central region of the Niagara region extending 13Km south from the Northern region boundary.

Figure 7. Average yearly precipitation in the Central Region of the Niagara Region separated by total rain (blue line) and total snow(red line). 

Figure 8. Average yearly temperature in the Southern region of the Niagara region extending about 12Km south from Central region or 12Km
North from the shores of Lake Erie. 

Figure 9. Average yearly precipitation in the Lower Region of the Niagara Region separated by total rain (blue line) and total snow (red line). 

Figure 1. Map of the Niagara region. (Google, 2022)  
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Figure 10. Global land and ocean annual average temperature combined (blue solid line), from the National Oceanic and Atmospheric 
Administration (NOAA). The blue dotted line shows the projected average annual temperature until year 2050.

Figure 11. Global land annual average temperature combined, from the NOAA. The blue dotted line shows the projected average annual 
temperature until year 2050. 

Figure 12. Annual number of freeze-thaw events in the Niagara Region from 1900 to 2020. A freeze-thaw event is when the temperature fluctuates 
below and above 0ᴈwithin 24 hours.  
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Figure 13. Annual number of hot day events in the Niagara Region from 1900 to 2020. A hot day is when the minimum temperature is at least 20°C 
and the maximum is at least 30ᴈwithin 24 hours.  

Figure 14. The temperature of the ground and surface water of the upper Twelve-Mile Creek.  

Table 2. Average yearly temperature and precipitation levels based on mathematical trends. The black numbers are the measured valuesand the 
red numbers are the projected values.

Table 1. A count of all the points of data used for Figures 1-14.

Figure 15. Global atmospheric CO2 levels projected to the year 2050. The three lines 
represent three criteria: 1) no changes are made towards greener energy and CO2 levels 
triple by 2075, 2) CO2 emissions remain at present levels (36 gigatons a year) until 2050, 
and 3) CO2 emissions attain net-zero by 2050 (Adapted from IPCC 2022 report)

Figure 16. Global temperature changes projected to the year 2050 relative to 1850-1900. 
The three lines represent three criteria: 1) no changes are made towards greener energy 
and CO2 levels triple by 2075, 2) CO2 emissions remain at present levels (36 gigatons a 
year) until 2050, and 3) CO2 emissions attain net-zero by 2050 (Adapted from IPCC 2022 
report)
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Has Niagara Reached its Climate Change Tipping Point?
Nima Vaez-zadeh Asadi, Pierre Simiganoschi, Uwe Brand (Department of Earth Sciences)

Annualized Global, Regional and Local Air and Water Temperatures and Precipitation

Global and Regional Air Temperatures (°C) 1910 1960 2000 2021 2030 2050 1910 - 2021 2021 - 2030 2021 - 2050
Change % 
1910-2021

Change % 
2021-2050

Global Land and Water (NOAA) 13.6 13.9 14.3 14.7 14.8 15.3 1.1 0.2 0.6 8.0 3.9

Global Sea Surface (NOAA)  15.8 16.1 16.5 16.8 16.9 17.2 0.9 0.1 0.4 5.9 2.4

Global Land (NOAA) 8.3 8.3 8.8 9.1 9.3 9.8 0.9 0.2 0.6 10.5 6.9

Niagara Region(Canadian Database) 8.2 8.8 9.4 9.6 9.7 10.0 1.4 0.1 0.4 17.3 3.9

Northern Tier  (Canadian Database)  8.4 8.9 9.6 10.1 10.4 10.9 1.7 0.2 0.8 19.9 8.0

Central Tier   (Canadian Database) 8.4 8.8 9.1 9.3 9.3 9.5 0.8 0.1 0.2 10.0 2.4

2000-2021
Change % 
2000-2021

Southern Tier (Canadian Database) 9.2 9.4 9.4 9.5 0.1 0.1 0.2 1.3 1.8

upperTwelve Mile Creek watershed(°C) 2004 2010 2015 2020 2030 2050 2004-2020 2020-2030 2020-2050
Change % 
2004-2020

Change % 
2020-2050

Surface water; Cannery Pond (upstream; 8 months of 
data) 12.0

GroundwaterMSSPark(MECP) 12.8 12.4 12.0 11.6 10.9 9.4 -1.2 -0.7 -2.2 -9.1 -18.8

Surface water; McSherry Lane (NPCA, Brock) 10.6 10.7 10.9 11.2 11.8 0.3 0.9 8.2

Surface water; Roland Rd (NPCA, Brock) 9.6 9.8 10.0 10.2 10.5 11.2 0.5 0.3 1.0 5.5 9.7

Niagara Region Precipitation (Rain: mm; Snow: cm) 1910 1970 2000 2021 2030 2050 1910-2021 2021-2030 2021-2050
Change % 
1910-2021

Change % 
2021-2050

Niagara Region Rain (Canadian Database) 644 732 814 886 921 1006 242 35 120 37.6 13.6

Niagara Region Snow (Canadian Database) 126 132 135 137 138 140 11 1 3 8.9 2.1

Northern Tier Rain (Canadian Database) 648 719 794 863 896 978 215 33 115 33.1 13.4

Northern Tier Snow  (Canadian Database) 107 123 130 136 138 143 29 2 7 26.7 5.5

Central Tier Rain  (Canadian Database) 656 739 780 809 821 848 152 12 40 23.2 4.9

Central Tier Snow  (Canadian Database) 143 142 141 140 140 140 -3 0 -1 -2.1 -0.5

1970-2021
Change % 
1970-2021

Southern Tier Rain  (Canadian Database) 739 848 925 957 1030 186 33 106 25.1 11.4

Southern Tier Snow  (Canadian Database) 172 144 124 116 97 -48 -8 -27 -27.9 -22.0

*Snow Water Equivalent 1 cmof snow = 1 mmof rain 
(Government of Canada)
*numbersare subjectto rounding

y = -0.1619x + 90.14
R² = 0.1786
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To have access to this data please 
contact Nima Vaez-zadeh Asadi 
and Pierre Simiganoschi at

psimiganoschi@brocku.ca
nvaezzadehasadi@brocku.ca

https://climate.weather.gc.ca/historical_data/search_historic_data_e.html

