
Huaxia Yao, research scientist 

Hydrology monitoring at Dorset Environmental 
Science Centre (DESC), MOECC and its 
application to climate change impact analyses 

1. Introduction of DESC inland waters monitoring network 
2. One example of using monitored hydrology data: explain 

the calcium decline (what the changes in climate have 
contributed to Ca decline) 

3. Intro of hydrology models developed 
4. One example of using the models for projection of 

hydrologic response to future climate 



1. DESC inland waters monitoring 
network 

Investigate the cumulative effects of multiple stressors, including 
climate change, on the quantity and quality of water in 
Ontario’s inland aquatic ecosystems.   
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Great Lakes; 
 
Large 
rivers/lakes; 
 
Head-water 

DESC 

Muskoka & Halliburton 
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A monitoring network that 
aims to understand the 
status of aquatic 
ecosystems (past, 
present and future)  

(a) Temporal and 
spatial variability 
of lakes and 
streams 

(b) Response to 
multiple stressors 

(c) Effectiveness of 
management 
policies and 
strategies 

(d) Identification of 
emerging issues 

 

(figure from: Church, 2015) 



4 

DESC inland waters 
monitoring consists 
of: 
 
9 lakes (sampled 
monthly to bi-weekly) 
 
25 streams 
(sampled weekly; 14 
gauged) 
 
4 climate stations 
(automatic, real-time) 
 
2 lake monitoring 
buoys (automatic, 
real-time) 

   climate station            lake buoy 
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Harp Lake 

 
Climate 
Station 

Stream data: 
chemistry, 

hydrology & 
biology  

Lake data: 
chemistry, physics 

and biology 

Harp: example of 
catchment-lake system Lake 

Sampling 
Buoy 



2. Changes in both stream Ca concentration 
and stream flow contributed to Ca decline 

in lakes 
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• declining Ca is a 
concern for Ca-rich 
aquatic organisms 
(daphnia, crayfish, 
etc.) 
 

• Ca declines due to a 
combination of the 
effects of acid rain, 
timber harvest, and 
climate change 
 

• How much is 
contributed by CC? 



Climate variation had an important role to changes in base cations of lakes 
 
Harp Lake example: 
 Relative percent contributions by 3 drivers, based on trend analysis 

Base 
cations 

Stream concentration 
change  
(acid rain, emission 
reduction) 

Stream discharge 
change 
(climate variation) 

Artificial shoreline 
loading (road 
salts, dust control) 

Ca  48 % 52 % 0 

K 77 % 14 % 9 % 

Mg 58 % 42 % 0 

Na 43 % 20 % 37 % 

from Yao et al 2016, Hydrol. Process. 



3. Hydrological models tested and applied 
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Lake hydrothermal model: 
 
- DYRESM (DYnamic REservoir Simulation Model) 

 
- Hostetler 

 
- Minlake 

 
- GLM (General Lake Model) 

Catchment hydrology model for water cycle: 
 
- USGS monthly water balance model 
 
- Daily BROOK90 (calibrated and tested for Dorset watersheds) 

 
- SWAT (Soil-Water-Assessment-Tool. Modified for Canadian Shield landscape) 
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      BROOK90 

1985 inputs:  
temperature / precip. 

2050 inputs: 
temperature / precip. 

      BROOK90 

Compare outputs of two model runs, find the 
differences in runoff, evaporation etc. 

Projected 
Climate 

More 
winter 
flooding 

4. Responses to future climate 
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        GLM 

Air temp 
 
Precipitation 
Humidity 
Radiation 
Wind-speed 

Lake temperature 
Lake ice date 

present: 1971-2000   future: 2036-2065 
use projected air temp   use projected air temp 
run GLM     run GLM 
   Compare 

2-3 0C higher!   
Stress or threat to 
zooplanktons 
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More hot water days in 2050 
 
Case 1: Clear water like Harp Lake 
 
  1985  2050  
 
>27 0C   0.4                     5.4    
>28 0C   0.3                     1.9    
>29 0C   0.1                     0.6    
 
 
Case 2:  Tea-colored water 
 
  1985  2050  
 
>27 0C   1.0             11.2  
>28 0C   0.5                 4.6  
>29 0C   0.3                     1.1  
 

28 oC is a damaging 
temperature threshold for 
daphnia. 
 
Days of >28 oC in 2050 will be 
5-8 times more common. 
  
Daphnia may reduce their 
population or change its 
community structure; causing 
changes in food-web of 
zooplankton-phytoplankton. 
 
Research into the combined 
effects of temperature, Ca, 
and other stressors is ongoing 
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length of ice-cover season: shortening 

future
present

  1985  2050  change 
ice-on date Dec 7  Dec 16  9 days later 
ice-off date Apr 20  Apr 7  13 days earlier 
ice-cover 135  113  20 days shorter 
open-season 230  252  20 days longer 
 
 

Impacts to winter roads, fishing, recreation, aquatic health 

Changes in ice cover: 

from Yao et al. 2014, Hydrol. Process. 



Summary for Part 2 
 Long-term monitoring of inland waters helped identify 

environmental changes (i.e. climate, landuse) and their 
impacts on water quantity and quality. 

 Changes or deterioration in lakes are associated to multiple 
stressors. For example, Ca decline is caused by acid rain, 
forestry and climate change. 

 Comparing 2050 to 1985, lakes would experience shifted 
runoff inflows, 5-8 times more hot-water days, 20 days 
shorter ice-cover duration, and continued Ca decline.  

 These future changes impact aquatic biota in certain lakes, 
maybe cause loss of some critical members of the 
zooplankton community, and therefore, changes in the food 
web. 
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