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CChapter 1  
Introduction 













CChapter 2  
Review of related literature 

2.1 Defining LULCC 







2.2 How does LULCC affect climate? 







2.2.1 Surface energy balance 
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2.2.2 Surface water balance 

P  E − Rdrain − Rsurf −ΔS



2.3 Evidence from observational and modelling studies 



2.3.1 Changes in local climate 





2.3.2 Changes in the regional and global climate





2.4 Focus on the extremes 



























2.5 Drivers of climate extremes 





2.6 Summary 





CChapter 3  
Methodology 

3.1 The CSIRO Mk3L climate model 
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3.2 Mk3L-CABLE 





3.2.1 Model evaluation 













3.2.2 Default model set up and configuration 



lcouple
locean
qflux
nsstop
ndstop
lastmonth
months
bpyear
csolar
mstep
nrad
naerosol_d

co2_datafile
o3_datafile
irfilename
orfilename
filewrflag
runtype

lsm_type
statsflag

savehist
hist_interval









3.3 Design of numerical experiments 







3.4 Modifications to the model and related datasets 

3.4.1 Modification to facilitate the use of new datasets 



numGdpt



3.4.2 Use of vegetation patches 

patches_in_parfile

3.4.3 Development of land cover maps 





















3.4.4 Improvement of soil albedo parameters 











3.4.5 Improvement of leaf reflectance and transmittance parameters 
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3.5 Climate extreme indices 



Index Definition Unit
A. Temperature
Intensity

TXn Min Tmax Coldest seasonal daily maximum 
temperature

°C

TNn Min Tmin Coldest seasonal daily minimum 
temperature

°C

TXx Max Tmax Warmest seasonal daily maximum 
temperature

°C

TNx Max Tmin Warmest seasonal daily minimum 
temperature

°C

DTR Diurnal temperature 
range

Mean difference between daily Tmax 
and Tmin

°C

ETR*+ Extreme
temperature range 

TXx - TNn °C

Duration
GSL Growing season 

length
Annual number of days between the 
first occurrence of 6 consecutive 
days with T > 5°C and first 
occurrence of consecutive 6 days 
with T < 5°C. For the Northern 

Days per 
year



Index Definition Unit
Hemisphere this is calculated from 1 
January to 31 December while for 
the Southern Hemisphere it is 
calculated from 1 July to 31 June.

CSDI Cold spell duration 
indicator

Annual number of days with at least 
6 consecutive days when Tmin < 10th

percentile

Days per 
year

WSDI Warm spell duration 
indicator

Annual number of days with at least 
6 consecutive days when Tmax > 
90th percentile

Days per 
year

ID0* Ice days Annual count when daily maximum 
temperature < 0°C

Days per 
year

FD0* Frost days Annual count when daily minimum
temperature ≤ 0°C

Days per 
year

SU25* Summer days Annual count when daily maximum 
temperature > 25°C

Days per 
year

TR20* Tropical nights Annual count when daily minimum 
temperature > 20°C

Days per 
year

Frequency
TX10p Cool days Number of days when Tmax < 10th

percentile
Days per 
season

TN10p Cool nights Number of days when Tmin < 10th

percentile
Days per 
season

TX90p Warm days Number of days when Tmax > 90th

percentile
Days per 
season

TN90p Warm nights Number of days when Tmin > 90th

percentile
Days per 
season

B. Precipitation
Intensity

RX1day Max 1-day
precipitation

Seasonal maximum 1-day
precipitation

mm

RX5day Max 5-day
precipitation

Seasonal maximum 5-day
precipitation

mm

PCRPTOT* Annual total wet-
day precipitation

Annual total precipitation from wet 
days (i.e. when precipitation ≥ 1.0
mm)

mm

SDII Simple daily 
intensity index

Annual total precipitation divided by 
the number of wet days (i.e. when 
precipitation ≥ 1.0 mm)

mm/day

R95p* Very wet days Annual total precipitation from very mm



Index Definition Unit
wet days (i.e. when precipitation > 
95th percentile)

R99p* Extremely wet days Annual total precipitation from 
extremely wet days (i.e. when 
precipitation > 99th percentile)

Mm

R95pT+ Annual contribution 
from very wet days

(annual total precipitation > 95th

percentile)/ (annual total 
precipitation))*100

%

Duration
CWD Consecutive wet 

days
Maximum annual number of 
consecutive wet days (i.e. when 
precipitation ≥ 1.0 mm)

Days

CDD Consecutive dry 
days

Maximum annual number of 
consecutive dry days (i.e. when 
precipitation < 1.0 mm)

Days

Frequency
R10mm Heavy precipitation 

days
Annual number of days when 
precipitation ≥ 10 mm

Days

R20mm* Very heavy 
precipitation days

Annual number of days when 
precipitation ≥ 20 mm

Days

Rnnmm* User defined 
precipitation
threshold

Annual number of days when 
precipitation ≥ nn, where nn is a user 
defined threshold

Days



3.6 Statistical methods 

3.6.1 Difference between means 



3.6.2 Difference between distributions 



3.6.3 Accounting for spatial correlation 



3.6.4 Regression method 

3.7 Summary 





CChapter 4  
Changes in the mean climate 



4.1 Data description 



4.2 Changes due to LULCC compared to CO2 doubling 































4.3 Changes due to LULCC at different CO2 levels 











4.3.1 Eurasia 





4.3.2 North America 



4.3.3 South East Asia 







4.4 Summary 
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CChapter 5  
Changes in climate extremes 



5.1 Introduction 





5.2 Methods 







5.3 Impact of LULCC on temperature intensity extremes 







5.4 Impact of LULCC on temperature duration extremes 

5.5 Impact of LULCC on temperature frequency extremes 



























5.6 Impact of LULCC on precipitation extremes 

















5.7 Summary 
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CChapter 6  
Multi-model estimate of changes 
in extremes 



6.1 Introduction 

6.2 Description of models 



www.ecmwf.in
t/research/ifsdo
cs/CY31r1/

http://www.ecmwf.in
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6.3 Calculation of climate extremes indices 

6.4 Results 





6.4.1 Mean impact of LULCC at different levels of atmospheric CO2 









6.4.2 Impact of LULCC on temperature intensity extremes 























6.4.3 Impact of LULCC on temperature frequency extremes 













6.4.4 Impact of LULCC on temperature duration extremes 







6.4.5 Impact of LULCC on rainfall extremes 





















6.5 Summary 









CChapter 7  
Discussion 



7.1 Changes in the mean climate 









7.2 Changes in the climate extremes 









7.3 Multi-model estimates of changes in climate extremes 







7.4 Limitations of the study 













CChapter 8  
Conclusions 
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Climate Change Indices
Definitions of the 27 core indices

1. FD, Number of frost days: Annual count of days when TN (daily
minimum temperature) < 0oC.

Let TNijbe daily minimum temperature on day i in year j. Count the
number of days where:

TNij < 0oC.

2. SU, Number of summer days: Annual count of days when TX (daily
maximum temperature) > 25oC.

Let TXij be daily maximum temperature on day i in year j. Count the
number of days where:

TXij > 25oC.

3. ID, Number of icing days: Annual count of days when TX (daily
maximum temperature) < 0oC.

Let TXijbe daily maximum temperature on day i in year j. Count the
number of days where:

TXij < 0oC.

4. TR, Number of tropical nights: Annual count of days when TN (daily
minimum temperature) > 20oC.

Let TNijbe daily minimum temperature on day i in year j. Count the
number of days where:

TNij > 20oC.

5. GSL, Growing season length: Annual (1st Jan to 31st Dec in Northern
Hemisphere (NH), 1st July to 30th June in Southern Hemisphere (SH))
count between first span of at least 6 days with daily mean temperature
TG>5oC and first span after July 1st (Jan 1st in SH) of 6 days with
TG<5oC.

Let TGij be daily mean temperature on day i in year j. Count the number
of days between the first occurrence of at least 6 consecutive days with:

TGij > 5oC.

and the first occurrence after 1st July (1st Jan. in SH) of at least 6
consecutive days with:

TGij < 5oC.

Indices

Definition

Calculation

Homogeneity

Examples

Software

Data

Workshops

Home

http://cccma.seos.uvic.ca/ETCCDI/list_27_indices.shtml
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6. TXx, Monthly maximum value of daily maximum temperature:

Let TXx be the daily maximum temperatures in month k, period j. The
maximum daily maximum temperature each month is then:

TXxkj
=max(TXxkj

)

7. TNx, Monthly maximum value of daily minimum temperature:

Let TNx be the daily minimum temperatures in month k, period j. The
maximum daily minimum temperature each month is then:

TNxkj
=max(TNxkj

)

8. TXn, Monthly minimum value of daily maximum temperature:

Let TXn be the daily maximum temperatures in month k, period j. The
minimum daily maximum temperature each month is then:

TXnkj
=min(TXnkj

)

9. TNn, Monthly minimum value of daily minimum temperature:

Let TNn be the daily minimum temperatures in month k, period j. The
minimum daily minimum temperature each month is then:

TNnkj
=min(TNnkj

)

10. TN10p, Percentage of days when TN < 10th percentile:

Let TNij be the daily minimum temperature on day i in period j and let
TNin10 be the calendar day 10th percentile centred on a 5-day window
for the base period 1961-1990. The percentage of time for the base
period is determined where:

TNij < TNin10

To avoid possible inhomogeneity across the in-base and out-base
periods, the calculation for the base period (1961-1990) requires the
use of a bootstrap processure. Details are described in Zhang et al.
(2004) .

11. TX10p, Percentage of days when TX < 10th percentile:

Let TXij be the daily maximum temperature on day i in period j and let
TXin10 be the calendar day 10th percentile centred on a 5-day window
for the base period 1961-1990. The percentage of time for the base
period is determined where:

TXij < TXin10

To avoid possible inhomogeneity across the in-base and out-base
periods, the calculation for the base period (1961-1990) requires the
use of a bootstrap processure. Details are described in Zhang et al.
(2004) .

12. TN90p, Percentage of days when TN > 90th percentile:

Let TNij be the daily minimum temperature on day i in period j and let
TNin90 be the calendar day 90th percentile centred on a 5-day window

http://cccma.seos.uvic.ca/ETCCDI/list_27_indices.shtml
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for the base period 1961-1990. The percentage of time for the base
period is determined where:

TNij > TNin90

To avoid possible inhomogeneity across the in-base and out-base
periods, the calculation for the base period (1961-1990) requires the
use of a bootstrap processure. Details are described in Zhang et al.
(2004) .

13. TX90p, Percentage of days when TX > 90th percentile:

Let TXij be the daily maximum temperature on day i in period j and let
TXin90 be the calendar day 90th percentile centred on a 5-day window
for the base period 1961-1990. The percentage of time for the base
period is determined where:

TXij > TXin90

To avoid possible inhomogeneity across the in-base and out-base
periods, the calculation for the base period (1961-1990) requires the
use of a bootstrap processure. Details are described in Zhang et al.
(2004) .

14. WSDI, Warm speel duration index: Annual count of days with at
least 6 consecutive days when TX > 90th percentile

Let TXij be the daily maximum temperature on day i in period j and let
TXin90 be the calendar day 90th percentile centred on a 5-day window
for the base period 1961-1990. Then the number of days per period is
summed where, in intervals of at least 6 consecutive days:

TXij > TXin90

15. CSDI, Cold speel duration index: Annual count of days with at least
6 consecutive days when TN < 10th percentile

Let TNij be the daily maximum temperature on day i in period j and let
TNin10 be the calendar day 10th percentile centred on a 5-day window
for the base period 1961-1990. Then the number of days per period is
summed where, in intervals of at least 6 consecutive days:

TNij < TNin10

16. DTR, Daily temperature range: Monthly mean difference between
TX and TN

Let TXij and TNij be the daily maximum and minimum temperature
respectively on day i in period j. If I represents the number of days in j,
then:

17. Rx1day, Monthly maximum 1-day precipitation:

Let RRij be the daily precipitation amount on day i in period j. The

http://cccma.seos.uvic.ca/ETCCDI/list_27_indices.shtml
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maximum 1-day value for period j are:

Rx1dayj = max (RRij)

18. Rx5day, Monthly maximum consecutive 5-day precipitation:

Let RRkj be the precipitation amount for the 5-day interval ending k,
period j. Then maximum 5-day values for period j are:

Rx5dayj = max (RRkj)

19. SDII Simple pricipitation intensity index: Let RRwj be the daily
precipitation amount on wet days, w (RR ≥ 1mm) in period j. If W
represents number of wet days in j, then:

20. R10mm Annual count of days when PRCP≥ 10mm: Let RRij be the
daily precipitation amount on day i in period j. Count the number of days
where:

RRij ≥ 10mm

21. R20mm Annual count of days when PRCP≥ 20mm: Let RRij be the
daily precipitation amount on day i in period j. Count the number of days
where:

RRij ≥ 20mm

22. Rnnmm Annual count of days when PRCP≥ nnmm, nn is a user
defined threshold: Let RRij be the daily precipitation amount on day i in
period j. Count the number of days where:

RRij ≥ nnmm

23 CDD. Maximum length of dry spell, maximum number of consecutive
days with RR < 1mm: Let RRij be the daily precipitation amount on day i
in period j. Count the largest number of consecutive days where:

RRij < 1mm

24 CWD. Maximum length of wet spell, maximum number of
consecutive days with RR ≥ 1mm: Let RRij be the daily precipitation
amount on day i in period j. Count the largest number of consecutive
days where:

RRij ≥ 1mm

25. R95pTOT. Annual total PRCP when RR > 95p. Let RRwj be the
daily precipitation amount on a wet day w (RR ≥ 1.0mm) in period i and
let RRwn95 be the 95th percentile of precipitation on wet days in the
1961-1990 period. If W represents the number of wet days in the period,
then:

http://cccma.seos.uvic.ca/ETCCDI/list_27_indices.shtml
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26. R99pTOT. Annual total PRCP when RR > 99p: Let RRwj be the
daily precipitation amount on a wet day w (RR ≥ 1.0mm) in period i and
let RRwn99 be the 99th percentile of precipitation on wet days in the
1961-1990 period. If W represents the number of wet days in the period,
then:

27. PRCPTOT. Annual total precipitation in wet days: Let RRij be the
daily precipitation amount on day i in period j. If I represents the number
of days in j, then
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