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SUMMARY 
 
Stochastic generation of rainfall data offers an alternative to the use of observed records. This 
paper presents an evaluation of daily rainfall generation models at 21 stations across Australia. 
The models are the Transition Probability Matrix (TPM) method, the Daily and Monthly 
Mixed (DMM) algorithm, and a variation of each model. A goal of stochastic modelling is to 
generate synthetic data that are representative of the statistical characteristics of the historical 
data. One hundred replicates of length equal to the historical data were generated using the 
above models. Preliminary assessment of the models suggests that overall both the TPM and 
DMM models preserved key statistical characteristics of the historical rainfall at the annual, 
monthly and daily levels. The DMM model was unable to preserve the amounts of rainfall on 
solitary wet days and the TPM model needed to be modified by the empirical adjustment 
factor to preserve the annual variability. 
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1. Introduction 
 
Stochastic generation of daily rainfall series is an increasingly used procedure for hydrological 
and water resources studies. There has been considerable development of daily single-site 
models such as two-parts models, transition probability matrix models, resampling models 
and time series models. A comprehensive review of approaches to modelling daily rainfall is 
given by Srikanthan and McMahon (1985, 2000). 
 
Most stochastic models of daily rainfall consist of two parts, a model for the occurrence of dry 
and wet days and a model for the generation of the rainfall amount on wet days. Models of 
rainfall occurrence are commonly based on Markov chains which specify the state of each day 
as wet or dry and develop a relation between the state of the current day and the states of the 
preceding days. Models used for rainfall amounts on wet days include the exponential, the 
Gamma, and skewed normal distribution. 
 
Srikanthan and McMahon (1985), in a study covering the main climatic regions of Australia, 
combined the modelling of rainfall occurrences and rainfall amounts by extending the Markov 
chain concept to a multi-state model or transition probability matrix (TPM). The daily 
rainfalls are grouped into states (maximum of seven) of specified sizes, and the probabilities 
are calculated for transition from each state to any other. Transition to the lowest state 
specifies the occurrences of dry days, to the other states gives the occurrences of wet days. 
The state of the largest magnitude is modelled by a power transformation and intermediate 
states are modelled by a linear distribution. 
 
Boughton (1999) observed that the TPM model underestimates the standard deviation of 
annual rainfall and proposed an empirical adjustment to match the observed standard 
deviation. 
 
Wang and Nathan (2002) developed a daily and monthly mixed (DMM) algorithm for the 
generation of daily rainfall. Daily rainfall data are generated month by month using two sets of 
parameters for the Gamma distribution: one estimated from the daily rainfall data and the 
other from monthly rainfall data. A pro-rata adjustment is made to the generated daily rainfalls 
from the daily Gamma parameters to match the serially correlated monthly rainfalls. 
 
This report presents the application and evaluation of stochastic data generation models of 
rainfall using data from 21 stations located in various parts of Australia. In this study, two 
basic daily models were examined namely the Transition Probability Matrix (TPM) method 
(Srikanthan and McMahon, 1985) and the Daily and Monthly Mixed (DMM) algorithm 
(Wang and Nathan, 2002), and a variation of these models. The models were assessed by a 
number of statistics. The daily rainfall data sets and the models are briefly described below, 
followed by an assessment of the performance of the models. 
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2. Rainfall Data 
 
Twenty one stations located across Australia with long daily rainfall records were selected. 
The details of the stations are given in Table 1 and their locations are shown in Figure 1 along 
with the CRCCH focus catchments. The data length varies from 42 to 125 years. The mean 
annual rainfall varies from 180 to 1490 mm and the average number of wet days per year is in 
the range 24 to 153. 
 
 
Table 1: Details of the rainfall stations selected. 
 

Number Name Latitude Longitude 
Record 
length 
(years) 

Mean 
annual 
rainfall 
(mm) 

CV 
of 

annual 
rainfall 

No 
of wet 

days per 
year 

004035 Roebourne PO -20.78 117.12 65 315 0.59 24 
006036 Meedo -25.66 114.62 57 209 0.50 27 
010037 Cuttening -31.73 117.76 70 303 0.26 61 
012065 Norseman PO -32.20 121.78 49 303 0.32 70 
014016 Darwin PO -12.40 130.80 42 1490 0.19 96 
015531 Hermannsburg -23.90 132.80 44 222 0.44 31 
017031 Marree -29.65 138.06 55 180 0.55 34 
023721 Happy Valley Res -35.07 138.57 85 639 0.22 133 
028004 Palmerville -16.00 144.08 87 1040 0.30 83 
035070 Taroom PO -25.65 149.80 102 668 0.28 62 
040082 Gatton-Lawes -27.55 152.33 58 815 0.24 97 
044026 Cunnamulla PO -28.07 145.68 97 374 0.43 44 
055045 Pine Cliff -31.50 150.45 66 550 0.27 62 
068034 Jervis bay -35.10 150.80 74 1254 0.37 141 
075035 Hay -34.48 144.98 45 328 0.31 51 
077030 Narraport -36.01 143.03 83 353 0.30 68 
086071 Melbourne RO -37.82 144.97 125 660 0.19 153 
086117 Toorourrong Res -37.48 145.15 99 803 0.20 145 
088060 Wallaby Creek -37.45 145.22 86 1219 0.20 165 
091013 Carrick -41.55 147.02 50 713 0.205 124 
092037 Swan Island -40.70 148.10 47 604 0.24 138 
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Figure 1: Locations of the rainfall stations used and CRCCH focus catchments. 
 
 

3. Daily Rainfall Models 

3.1 Transition Probability Matrix (TPM) model 
 
In the Transition Probability Matrix (TPM) model, the seasonality in the occurrence and 
magnitude of daily rainfall are taken into account by considering each month separately. The 
daily rainfall is divided into a number of states up to a maximum of seven. State 1 is dry (no 
rainfall) and the other states are wet. The state boundaries are given in Table 2. 
 
Table 2: State boundaries for the TPM models. 
 

State State Boundary in mm 
Number Lower Upper 

1 0.0 0.0 
2 0.1 0.9 
3 1.0 2.9 
4 3.0 6.9 
5 7.0 14.9 
6 15.0 30.9 
7 31.0 ∞ 
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The transition probabilities are estimated from 
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Where )(kpij  = probability of transition from state i to state j within month k, 
 )(kfij  = historical frequency of transition from state i to state j within month k, 
 C = the maximum number of states. 
 
The rainfall values in the intermediate states are modelled by a linear distribution. In an 
intermediate state, the derivation given by Srikanthan and McMahon (in Appendix G, 1985) 
shows that 
 

A
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where x is a value in the intermediate state, and lx  and ux are the lower and upper state 
boundaries of the state and U is a uniformly distributed random number between 0 and 1. 

3.0=A  and 3.1=B  are the empirical values used in the study. 
 
The rainfall values in the largest state are modelled by a power transformation. The exponent, 
λ, in the power transformation 
 

λ)( lxxy −=  (3) 
 
is obtained by trial and error so that the skewness of the transformed value, y, is close to zero. 
In Equation (3) x is a value in the largest state and lx  is the lower state boundary of the largest 
state. 
 
The daily rainfall data are generated by following the steps set out below (Srikanthan and 
McMahon, 1985). Assume that the initial state is dry (i.e., state one). 
 
Step 1: Generate a uniformly distributed random number U between 0 and 1. Using the 

appropriate TPM for the month, determine the state of the next day. 

Step 2: If the state is wet, go to Step 3. Otherwise, set the rainfall depth to zero and go to 
Step 1. 

Step 3: Calculate the rainfall depth by using a linear distribution for the intermediate states 
and a power transformation for the largest state. 

Step 4: Repeat Steps 1 to 3 until the required length of daily rainfall data is achieved. 
 
The number of states for each month used for the TPM model are given in Table 3. The 
number of states chosen was based on the recommendation of Srikanthan and McMahon 
(1985). 
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Table 3: Number of states used for the 21 stations in the daily TPM model. 
 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Roebourne Post Office 6 6 6 5 5 5 2 2 2 2 2 5 
Meedo 6 6 6 5 5 5 2 2 2 2 2 5 
Cuttening 6 6 6 6 6 6 6 6 6 6 6 6 
Norseman Post Office 5 5 5 5 5 5 5 5 5 5 5 5 
Darwin Post Office 7 7 7 7 3 2 2 2 3 7 7 7 
Hermannsburg Mission 4 4 4 4 4 4 4 4 4 4 4 4 
Marree 4 4 4 4 4 4 4 4 4 4 4 4 
Happy Valley Reservoir 6 6 6 6 6 6 6 6 6 6 6 6 
Palmerville 7 7 7 7 3 2 2 2 3 7 7 7 
Taroom Post Office 7 7 7 7 7 7 7 7 7 7 7 7 
Gatton-Lawes 7 7 7 7 7 7 7 7 7 7 7 7 
Cunnamulla Post Office 4 4 4 4 4 4 4 4 4 4 4 4 
Pine Cliff 6 6 6 6 6 6 6 6 6 6 6 6 
Jervis bay (Pt Perpendicular) 7 7 7 7 7 7 7 7 7 7 7 7 
Hay 6 6 6 6 6 6 6 6 6 6 6 6 
Narraport 6 6 6 6 6 6 6 6 6 6 6 6 
Melbourne Regional Office 6 6 6 6 6 6 6 6 6 6 6 6 
Toorourrong Reservoir 6 6 6 6 6 6 6 6 6 6 6 6 
Wallaby Creek (Weir) 6 6 6 6 6 6 6 6 6 6 6 6 
Carrick 6 6 6 6 6 6 6 6 6 6 6 6 
Swan Island 6 6 6 6 6 6 6 6 6 6 6 6 

 
 

3.2 Modified Transition Probability Matrix (TPMb) model 
 
To improve the annual variability of rainfall, a modified version of the TPM model (TPMb) 
was formulated using the Boughton adjustment factor. 
 
Boughton (1999) proposed an empirical adjustment factor (F) in the TPM procedure to match 
the generated standard deviation of the annual rainfall with the observed value. The 
adjustment factor is obtained by trial and error until the frequency distribution of the observed 
and generated annual rainfalls agrees. The generated daily rainfall in each year is multiplied 
by the following ratio: 
 

iii TFMTMRatio })({ −+=  (4) 
 
where M = the observed mean annual rainfall, and 
 Ti = the generated annual rainfall for year i. 
 
Since the slope of the frequency curve is proportional to the standard deviation, the 
adjustment factor can be directly obtained as a ratio of the standard deviation of the observed 
and generated annual rainfall. 
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go StDevStDevF =  (5) 

 
The standard deviation of the generated annual rainfall is estimated from a number of 
replicates and averaged. In this study, we used generated mean annual rainfall averaged from a 
number of replicates instead of observed mean annual rainfall in Equation (4). 
 

3.3 Daily and Monthly Mixed (DMM) model 
 
In the DMM model, the occurrence of rainfall is determined by a first order Markov chain 
using the two transitional probabilities: DWp | , the conditional probability of a wet day given 
that the previous day was dry; WWp | , the conditional probability of a wet day given that the 
previous day was wet. The unconditional probability of a wet day can be derived as 
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The rainfall depth is obtained from a Gamma distribution whose probability density function 
is given by 
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where α is the shape parameter and β the scale parameter. It is assumed that the rainfall 
amounts in different wet days are unrelated. The mean and variance of the Gamma 
distribution are given by 
 

αβµ =)(x  (8) 
 

22 )( αβσ =x  (9) 
 
Seasonal variation is modelled by allowing the model parameters to vary with each calendar 
month. 
 
Given a two-state first-order Markov chain model for rainfall occurrence and the Gamma 
distribution model for daily rainfall amount, the expectation of the rainfall total, X, over a 
month of N days is 
 

παβµ NX =)(  (10) 
 
and the variance of X is (Katz 1985) 
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The daily and monthly mixed model of Wang and Nathan involves the following steps: 
 
Step 1: For month k )12,,1( L=k , generate a sequence of wet and dry days for the whole 

month using a two-state first order Markov chain. 
Step 2: For any wet day in that month, generate a daily rainfall amount xd from a Gamma 

distribution with parameters dαα =  and dββ =  which are estimated from the mean 
and variance of daily rainfall amounts by using Equations (8) and (9). 

Step 3: For the same wet day, generate a twin rainfall amount xm with exactly the same 
probability of non-exceedence from another Gamma distribution with parameters 

mαα =  and mββ =  which are estimated from the mean and variance of monthly 
rainfall using Equations (10) and (11). 

Step 4: Manipulate the monthly total of the daily rainfall generated in Step 3, ∑= m
i xX~ , to 

produce a new monthly total Xi by using the Thomas-Fiering monthly model. 
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−−  (12) 

 
The subscripts i-1 and i in Equation (12) denote the previous and current months 
respectively. The lag one autocorrelation is estimated from the non-seasonal data. 

Step 5: Produce a new daily rainfall series x for that month by multiplying all the xd by a 
factor ( ∑ d

i xX ). 
 
The core of the model is to generate two daily rainfall series which resemble each other, the 
first reproducing daily statistics and the second reproducing monthly statistics, and 
subsequently use the second series (after incorporation of autocorrelation in monthly rainfall) 
to adjust the first series. 
 

3.4 Modified Daily and Monthly Mixed (DMMm) model 
 
In this study, a variation of the DMM model (DMMm) was formulated to investigate the 
necessity of generating two daily rainfall series. The procedure of the DMMm model is very 
similar to the DMM model except that Step 3 is bypassed. The steps are: 
 
Step 1 & 2: As the DMM model 
Step 3: Manipulate the monthly total of the daily rainfall generated in Step 2, ∑= d

i xX~ , to 
produce a new monthly total Xi by using the Thomas-Fiering monthly model. 
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The mean )( iXµ′  and standard deviation )( iXσ ′  used in Equation (13) are obtained 
from Equations (10) and (11) using the daily Gamma parameters obtained in Step 2. 
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Step 4: Produce a new daily rainfall series x for that month by multiplying all xd by a factor 
( ∑ d

i xX ). 
 
In this variation, only one sequence rather than two of daily rainfalls is generated but at the 
same time the daily rainfalls are adjusted to match the monthly characteristics. The lag-1 
autocorrelation in monthly rainfall is considered by Equation (13). 
 
 

4. Model Evaluation 
 
A key requirement in stochastic data generation is that the synthetic sequences be statistically 
consistent with the observed characteristics of the historical record. In this section, we present 
the parameters for model evaluation and discuss the performance of the TPM, TPMb, DMM 
and DMMm models described in Section 3 in respect of annual, monthly and daily statistics of 
rainfall. 
 

4.1 Parameters for model evaluation 
 
The performance of the daily models is evaluated using a number of statistics. These include: 
 

• Annual 
 
(1) Mean annual rainfall (mm) 
(2) Standard deviation of annual rainfall (SD) 
(3) Coefficient of skewness (CS) 
(4) Lag one auto-correlation (r) 
(5) Maximum annual rainfall 
(6) Minimum annual rainfall 
(7) Minimum 2-, 3-, 5-, 7-, and 10-year rainfall sums 
(8) Adjusted range 
 
• Monthly 

 
(9) Mean monthly rainfall (mm) 
(10) Standard deviation of monthly rainfall (SD) 
(11) Coefficient of skewness of monthly rainfall (CS) 
(12) Serial correlation of monthly rainfall (r) 
(13) Maximum monthly rainfall 
(14) Minimum monthly rainfall 
(15) Frequency of months with no rain 
(16) Average number of wet days for each month 
 
• Daily 

 
(17) Mean daily rainfall for each month (mm) 
(18) Standard deviation of daily rainfall for each month (SD) 
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(19) Coefficient of skewness of daily rainfall for each month (CS) 
(20) Mean daily rainfall on a solitary wet day for each month (mm) 
(21) Mean daily rainfall on wet days bounded on one side by a wet day for each month 

(mm) 
(22) Mean daily rainfall on wet days bounded on each side by a wet day for each month 

(mm) 
(23) Correlation between rainfall depth and duration of wet spells over one or more days 
(24) Mean dry spell length for each month (days) 
(25) Standard deviation of dry spell length for each month 
(26) Coefficient of skewness of dry spell length for each month 
(27) Mean wet spell length for each month (days) 
(28) Standard deviation of wet spell length for each month 
(29) Coefficient of skewness of wet spell length for each month 
(30) Longest dry spell for each month (days) 
(31) Longest wet spell for each month (days) 
(32) Longest wet and dry spells using different threshold values (days) 
(33) Mean of monthly maximum daily rainfall 
(34) Maximum daily rainfall for each month 
(35) Coefficient of skewness of monthly maximum daily rainfall 
(36) Frequency distribution of annual maximum daily rainfall 
(37) Mean of annual maximum daily rainfall 
(38) CV of annual maximum daily rainfall 
(39) Coefficient of skewness of annual maximum daily rainfall 

 
These parameters represent annual statistics from (1) to (8), monthly statistics from (9) to 
(16), and daily statistics fro (17) to (32). The parameters from (33) to (39) represent the 
annual, monthly and daily statistics of maximum daily rainfall. 
 
The mean, standard deviation, skewness and lag-1 autocorrelation are estimated from the 
following expressions. 
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In the above equations, xt represents the annual, monthly or daily rainfall and n the number of 
data. The mean estimated from the historical data was used in computing the standard 
deviation, skewness and correlation. For convenience, the maximum and minimum rainfall 
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were standardised by dividing by the historical mean rainfall. The adjusted range (R) was 
obtained from 
 

{ } { } nkDDR kk ,,2,1minmax L=−=  (18) 
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4.2 Results 
 
One hundred replicates each of length equal to the historical data were generated using the 
models described in Section 3. Table 4 contains a selection of annual, monthly and daily 
statistics, which are the average of the parameters from the 100 replicates along with the 
historical values. The number in bracket represents the reference number to the statistics in the 
above section. 
 
For rest of this section, we discuss the model performance in respect of annual, monthly and 
daily statistics based on Table 4 and Figures A1 − A12. Table 5 presents the results of model 
assessment for selected statistics. The first column in the table provides the reference number 
to the statistics in the above section. 
 
As noted in the next section, TPMb model outperformed the other three models and is 
recommended as the most satisfactory daily stochastic model. In view of this, the average 
statistics for 100 replicates were compared with the historical values for the 21 test stations in 
Figures A13 − A24. The range, 25%, 75% values are shown in the figures. To reduce the 
number of plots in Figures A5 − A12 and A17 − A24, only four months January, April, July, 
and October are shown. 
 

4.2.1 Annual rainfall 
 
Mean 
 
The DMM and DMMm models reproduced adequately the annual mean as shown in Figure 
A1. The TPM and TPMb models slightly overestimated the observed means for nearly all 
stations, the maximum difference between historical and stochastic data being less than 4% 
(Table 4). Figure A13 shows the comparison of observed and TPMb model generated mean 
annual rainfall. 
 
Standard deviation 
 
The TPM, DMM and DMMm models underestimated the observed standard deviation of 
annual rainfalls in most cases as shown in Figure A2. A large discrepancy of the statistics 
between historical and generated data was observed at Jervis bay (#068034). The TPM model 
performed particularly poorly to reproduce this statistics. This shortcoming of the TPM model 
has been recognised (Boughton, 1999). The TPMb model, on the other hand, preserved 
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satisfactorily the historical standard deviation in all cases. Figure A2 shows that the DMM and 
DMMm models produced very similar results. Figure A14 shows the comparison of the 
standard deviation of annual rainfalls for historical and TPMb generated data. 
 
Lag-1 auto-correlation 
 
All four models did not reproduce the historical lag-1 auto-correlation statistics of annual 
rainfalls satisfactorily, as illustrated in Figure A3. However, the DMM and DMMm models 
performed slightly better for the stations with positive observed serial correlation coefficients. 
As indicated in Figure A15, the observed serial correlation coefficients are all within the 
ranges between the minimum and maximum values generated by the TPMb model. 
 
Minimum 2-, 3-, 5-, 7-, and 10-year sums 
 
The TPM, TPMb, DMM and DMMm models reproduced the observed minimum 2-, 3-, 5-, 7-, 
and 10-year sums of annual rainfalls satisfactorily. Figure A4 depicts the results for the ratios 
of minimum 5-year sums to the observed means for the 21 stations. Figure A16 shows the 
comparison of observed and TPMb model generated results. 
 

4.2.2 Monthly rainfall 
 
Mean 
 
All four models preserved the observed mean of monthly rainfall very well and Table 4 
presents the results for the months January and July for the 21 stations. 
 
Standard deviation 
 
All four models reproduced the observed standard deviation of monthly rainfall satisfactorily 
although the TPM model slightly underestimated the statistics for most of the 21 stations. The 
detailed results are not presented here. 
 
Skewness 
 
The TPM, TPMb, DMM and DMMm models reproduced the observed coefficients of 
skewness of monthly data satisfactorily (although underestimated) in most cases as shown in 
Figure A5 for the months January, April, July and October. Figure A17 presents the 
comparison of observed and TPMb model generated results for the same months as Figure 
A5. 
 
Number of months with no rain 
 
The three models − TPM, TPMb and DMMm − reproduced adequately the observed number 
of months with no rain as shown in Figure A6, but the DMM model could not preserve the 
statistics for some stations. In Figure A18 the comparison of observed and TPMb model 
generated results shows that the number of months of no rain are preserved in the TPMb 
model. 
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Number of wet days 
 
As shown in Figure A7, all the models satisfactorily preserved the number of wet days for the 
21 stations. Figure A19 presents the comparison of observed and generated results for the 
TPMb model. 
 

4.2.3 Daily rainfall 
 
Mean daily rainfall 
 
The TPM, TPMb, DMM and DMMm models adequately reproduced the observed mean in 
most cases as shown in Figure A8. Figure A20 presents the comparison of historical and 
TPMb model generated results. 
 
Mean daily rainfall for different types of wet days 
 
Chapman (1994) has mentioned the importance of modelling solitary, one-sided and two-
sided wet days. The TPM and TPMb models adequately reproduced the observed mean daily 
rainfall for solitary wet days in all cases as shown in Figure A9 and a comparison of observed 
and TPMb model generated results is shown in Figure A21. However, the DMM and DMMm 
models overestimated the mean in most cases. 
 
To improve the performance of the DMM model on this statistics, another modified version 
was investigated. In this version of the DMM model (DMM3), the rainfall depth is obtained 
from three separate Gamma distributions for solitary, one-side and two-side rain days, using 
the three following guidelines: 
 
• For each month, if the numbers of wet days for all three cases - solitary, one-side and two-

side rain days, are not less than 18, use three separate Gamma distributions. 
• If the number of solitary days or total number of one-side and two-side rain days is less 

than 18, use single Gamma distribution only for all three cases. 
• If the total number of one-side and two-side rain days is not less than 18, but the number 

of either one-side rainfall or double-side rainfall is less than 18, use two separate Gamma 
distributions, one for solitary days and one for the other two cases. 

 
In this study, based on the data we arbitrarily chose 18 rain days as a threshold for simplicity. 
However, this number should be used as a guideline. 
 
Figure A9 shows that the DMM3 model significantly improved the performance of the DMM 
model, but still overestimated the statistics. 
 
Mean wet spell length 
 
All four models satisfactorily preserved the historical mean wet spells in all stations as shown 
in Figure A10. Figure A22 presents the comparison of observed and TPMb model generated 
results. Overall this is satisfactory, although the generation for a July initiated spell is not 
adequately preserved for Roebourne. 
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Longest dry spell 
 
The TPM, TPMb and DMMm models reproduced the observed longest dry spells 
satisfactorily in most cases as shown in Figure A11, but the DMM model overestimated the 
parameter in some cases. Figure A23 shows the TPMb model generated data preserves the 
historical longest dry spell. 
 
Maximum daily rainfall 
 
Finally all the models reproduced the observed maximum daily rainfall satisfactorily in most 
cases as shown in Figure A12. Figure A24 presents the comparison of observed and TPMb 
model generated results. 
 
 

5. Conclusions 
 
The daily stochastic models were assessed by a number of statistics at annual, monthly and 
daily levels using rainfall data from 21 stations across Australia. The TPM model was found 
to preserve key statistical characteristics of the historical rainfall at the annual, monthly and 
daily levels so long as the Boughton adjustment is applied. The DMM model performed well 
in reproducing these statistics. The DMM and DMMm models produced very similar results 
in terms of the above analysis. 
 
The TPM model preserved the rainfall depth for solitary wet days, which the DMM model did 
not handle satisfactorily. This factor is considered important for estimating runoff using 
generated daily rainfall in a rainfall-runoff model. The DMM model can be improved using a 
Gamma distribution with three sets of parameters for the rainfall amounts on solitary, one-side 
and two-side rain days. Another important difference between the two types of models was 
that the DMM/DMMm model performed slightly better in reproducing the serial correlation, 
although all the four models were unable to preserve this statistic satisfactorily. 
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Table 4: Selection of annual, monthly and daily statistics. 
 
 Annual Monthly Daily 
Station Model Mean Stdev Skew Corr Max Min 2YrS1 WetD2 Mean (9) Wet days (16) Max (34) Mean (17) Solitary r/f (20) One-sided r/f (21) Two-sided r/f (22) CorrDD (23) 
  (1) (2) (3) (4) (5) (6) (7)  Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul Jan Jul 
Roebourne Hist 315 186 0.48 -0.200 2.64 0.03 0.45 24 65 12 3.5 1.7 213 57 18.5 7.1 5.4 3.4 16.0 7.7 40.9 11.7 0.63 0.68 
Post Office TPM 318 187 1.06 -0.001 2.95 0.15 0.60 24 65 13 3.5 1.8 328 104 18.7 7.6 8.1 7.3 18.9 7.6 32.9 7.6 0.66 0.46 
4035 TPMb 313 186 0.88 -0.022 2.82 0.11 0.54 24 62 12 3.4 1.7 239 51 18.4 7.3 8.7 7.1 18.7 7.5 32.4 7.2 0.68 0.54 
 DMM 316 186 0.97 -0.004 2.89 0.12 0.58 23 64 12 3.3 1.7 276 64 19.5 7.2 19.6 7.4 19.4 7.1 19.7 6.9 0.40 0.48 
 DMMm 331 181 1.10 -0.017 2.83 0.15 0.71 24 65 13 3.4 1.7 264 58 19.2 7.5 17.9 6.9 19.8 7.7 19.5 7.8 0.45 0.56 
Meedo Hist 209 105 1.38 -0.046 2.69 0.31 0.82 27 14 35 1.7 4.6 133 88 8.4 7.7 5.2 6.7 10.1 7.7 14.2 10.7 0.46 0.55 
6036 TPM 209 84 0.85 0.008 2.25 0.33 0.95 27 15 33 1.7 4.5 128 97 8.7 7.3 6.1 7.2 9.0 7.3 16.5 7.5 0.58 0.46 
 TPMb 211 105 0.71 0.004 2.44 0.15 0.69 26 16 35 1.7 4.3 116 79 9.0 8.2 6.0 8.1 9.7 8.3 16.7 8.5 0.57 0.47 
 DMM 207 90 0.67 0.008 2.28 0.26 0.83 26 14 35 1.5 4.4 131 99 9.9 7.8 10.7 7.8 9.5 7.7 9.4 7.8 0.30 0.39 
 DMMm 214 87 0.82 -0.007 2.21 0.29 0.93 27 16 36 1.7 4.5 109 88 9.4 7.9 9.0 7.6 9.8 8.1 10.0 8.3 0.37 0.45 
Cuttening Hist 303 79 0.62 -0.182 1.97 0.56 1.19 61 10 46 1.3 10.4 89 34 7.9 4.4 5.8 4.6 11.6 4.6 7.4 3.9 0.53 0.62 
10037 TPM 313 75 0.96 0.007 1.77 0.56 1.37 61 11 49 1.3 10.4 73 33 8.0 4.7 6.9 5.0 9.2 4.8 12.0 4.2 0.50 0.61 
 TPMb 312 79 0.80 0.031 1.76 0.52 1.28 60 10 49 1.3 10.3 69 33 8.2 4.7 7.2 5.0 9.3 4.8 11.9 4.2 0.47 0.62 
 DMM 302 74 0.41 0.000 1.69 0.50 1.28 61 10 46 1.3 10.4 68 37 8.2 4.4 8.4 4.5 7.9 4.4 6.7 4.5 0.30 0.64 
 DMMm 303 74 0.35 0.010 1.65 0.51 1.26 61 10 46 1.3 10.4 63 36 7.7 4.4 7.6 4.4 7.9 4.4 7.2 4.4 0.33 0.66 
Norseman Hist 303 97 1.45 0.065 2.06 0.54 1.14 70 23 29 3.2 9.0 67 33 7.2 3.3 4.2 2.8 7.0 3.3 21.9 4.1 0.72 0.61 
Post Office TPM 311 77 0.71 0.014 1.67 0.55 1.34 70 24 31 3.3 9.0 87 33 7.3 3.4 5.4 3.0 8.0 3.5 10.8 3.8 0.55 0.63 
12065 TPMb 310 97 0.65 0.011 1.84 0.42 1.14 69 23 31 3.2 8.8 77 31 7.3 3.5 5.5 3.1 8.2 3.6 11.3 3.9 0.58 0.63 
 DMM 303 89 0.50 0.016 1.79 0.47 1.20 69 24 29 3.2 9.0 79 35 7.5 3.2 7.6 3.3 7.4 3.2 7.2 3.3 0.38 0.52 
 DMMm 310 86 0.72 0.000 1.79 0.50 1.27 69 24 30 3.2 9.0 73 31 7.3 3.3 7.1 3.2 7.4 3.3 7.7 3.5 0.43 0.57 
Darwin Hist 1490 283 0.53 -0.115 1.49 0.69 1.49 96 393 2 19.2 0.3 174 43 20.4 6.3 12.7 0.7 13.8 6.9 26.1 43.4 0.84 0.92 
Post Office TPM 1508 285 0.42 0.035 1.46 0.64 1.49 96 398 2 19.3 0.3 205 32 20.6 5.8 11.2 6.0 16.0 5.4 25.6 2.6 0.83 0.33 
14016 TPMb 1504 284 0.37 -0.016 1.47 0.63 1.47 96 396 2 19.2 0.2 196 34 20.6 7.9 11.2 8.3 15.9 5.9 25.7 1.6 0.83 0.22 
 DMM 1490 299 0.26 0.031 1.47 0.61 1.43 96 390 2 19.2 0.2 236 40 20.3 7.8 20.5 8.8 20.4 6.4 20.2 2.9 0.75 0.22 
 DMMm 1490 297 0.17 0.005 1.46 0.60 1.43 96 388 2 19.1 0.3 213 40 20.3 7.3 19.8 6.7 20.0 8.2 20.6 3.0 0.77 0.32 
Hermanns- Hist 222 98 0.67 0.043 2.06 0.26 0.72 31 30 8 3.5 1.6 135 53 8.6 5.2 7.8 4.0 8.2 6.6 10.6 5.5 0.54 0.65 
burg Mission TPM 222 87 0.64 -0.004 2.04 0.33 1.01 31 30 9 3.5 1.6 104 37 8.4 5.5 7.4 5.0 8.4 5.7 10.0 6.6 0.52 0.53 
15531 TPMb 222 98 0.57 0.000 2.18 0.25 0.89 30 30 9 3.5 1.5 108 42 8.6 5.5 6.8 5.0 8.9 5.9 11.0 6.6 0.53 0.50 
 DMM 221 98 0.68 0.010 2.22 0.27 0.89 30 30 8 3.4 1.5 141 55 8.9 5.6 9.8 5.9 8.4 5.3 8.4 5.9 0.34 0.34 
 DMMm 235 95 0.91 0.010 2.17 0.32 1.01 31 32 9 3.5 1.5 120 47 9.1 6.1 8.2 5.6 9.4 6.4 10.2 6.3 0.46 0.43 
Marree Hist 180 98 0.81 0.121 2.27 0.22 0.74 34 24 12 3.0 3.1 151 29 8.0 3.7 4.0 2.9 5.6 4.0 18.9 7.5 0.74 0.61 
17031 TPM 183 83 1.17 -0.003 2.54 0.32 0.94 34 24 12 3.0 3.2 112 30 8.0 3.7 6.4 3.1 8.1 4.0 10.2 5.1 0.54 0.54 
 TPMb 182 98 0.89 0.008 2.67 0.16 0.66 33 25 11 3.0 3.1 121 31 8.4 3.7 6.5 3.2 8.7 4.0 10.9 4.9 0.50 0.53 
 DMM 180 90 0.95 0.004 2.56 0.24 0.80 31 24 11 2.8 3.1 118 32 8.5 3.6 9.3 3.7 8.1 3.6 8.2 3.7 0.37 0.42 
 DMMm 186 88 1.13 -0.020 2.58 0.28 0.86 33 24 12 3.0 3.2 112 33 8.2 3.8 8.3 3.7 8.2 3.8 8.4 4.1 0.42 0.44 
Happy Valley Hist 639 139 0.23 0.004 1.59 0.49 1.30 133 23 89 5.0 18.1 83 56 4.5 4.9 2.7 3.5 4.5 4.0 8.5 5.8 0.56 0.79 
Reservoir TPM 659 113 0.81 0.025 1.51 0.65 1.51 133 24 91 5.0 18.1 67 55 4.7 5.0 3.1 3.0 4.9 4.5 7.3 5.8 0.62 0.83 
23721 TPMb 659 138 0.66 0.016 1.60 0.56 1.39 131 24 91 4.9 17.8 70 54 4.8 5.1 3.2 3.0 5.1 4.6 7.6 5.9 0.61 0.82 
 DMM 636 123 0.24 -0.006 1.53 0.57 1.38 133 23 88 5.0 18.0 57 62 4.6 4.9 4.7 4.8 4.6 4.9 4.6 4.9 0.46 0.76 
 DMMm 639 124 0.20 0.002 1.51 0.57 1.40 133 22 88 4.9 18.1 57 55 4.5 4.9 4.6 4.6 4.5 4.8 4.5 5.0 0.45 0.78 
Palmerville Hist 1040 316 0.72 0.094 2.02 0.43 1.25 83 254 5 17.3 1.0 139 40 14.7 5.2 9.5 4.2 12.5 6.3 17.3 7.1 0.87 0.59 
28004 TPM 1061 271 1.22 0.018 2.11 0.55 1.36 83 259 6 17.4 1.1 152 56 14.9 5.2 9.3 5.1 13.1 5.2 17.5 5.2 0.83 0.39 
 TPMb 1047 316 0.41 0.007 1.84 0.37 1.09 82 259 5 17.3 1.0 168 36 15.0 5.3 9.3 5.2 13.1 5.5 17.7 5.4 0.81 0.45 
 DMM 1038 283 0.36 0.032 1.76 0.44 1.15 82 252 5 17.4 1.0 207 46 14.5 5.7 14.6 6.1 14.5 5.4 14.5 5.3 0.71 0.35 
 DMMm 1041 277 0.28 0.017 1.72 0.44 1.17 83 250 6 17.3 1.1 179 39 14.4 5.7 13.5 5.5 14.2 5.9 14.8 6.3 0.75 0.46 
Taroom Hist 668 186 0.64 -0.087 1.79 0.36 1.10 62 95 33 7.4 4.1 119 109 12.8 8.0 10.9 5.9 11.1 7.3 18.1 14.6 0.68 0.60 
Post Office TPM 681 174 0.66 0.005 1.80 0.48 1.22 62 97 33 7.5 4.1 148 90 12.9 8.1 10.3 5.7 12.9 8.3 16.1 12.2 0.65 0.64 
35070 TPMb 679 186 0.60 0.005 1.83 0.43 1.16 61 96 34 7.4 4.1 135 90 13.0 8.2 10.2 6.0 13.0 8.3 16.5 12.5 0.66 0.64 
 DMM 667 186 0.44 0.013 1.83 0.42 1.13 61 95 33 7.4 4.0 136 107 12.8 8.2 12.8 8.3 12.8 8.2 12.7 8.0 0.57 0.43 
 DMMm 677 184 0.51 0.020 1.80 0.44 1.16 62 94 33 7.4 4.1 138 99 12.7 8.2 12.6 7.8 12.7 8.4 12.8 8.4 0.57 0.49 
Gatton- Hist 815 195 -0.32 -0.073 1.52 0.44 1.01 97 115 43 10.6 5.8 199 192 10.9 7.4 9.0 3.6 9.0 5.9 14.1 16.4 0.69 0.60 
Lawes TPM 838 200 0.79 0.015 1.70 0.57 1.37 97 117 45 10.6 5.9 179 203 11.0 7.6 7.9 3.9 10.6 7.3 13.0 12.8 0.65 0.57 
40082 TPMb 836 196 0.76 -0.001 1.66 0.57 1.38 96 117 45 10.6 5.8 187 176 11.1 7.7 8.3 4.1 10.7 7.3 13.0 13.3 0.64 0.59 
 DMM 815 206 0.42 0.013 1.68 0.52 1.28 96 115 43 10.6 5.6 157 178 10.9 7.6 10.7 7.7 11.0 7.7 10.9 7.4 0.57 0.33 
 DMMm 828 201 0.52 0.004 1.65 0.52 1.32 96 117 45 10.6 5.8 152 163 11.0 7.8 11.1 7.6 10.9 7.8 11.1 8.0 0.57 0.36 
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Table 4: Cont’d. 
 
 Annual Monthly Daily 
Station Model Mean Stdev Skew Corr Max Min 2YrS1 WetD2 Mean (9) Wet days (16) Max (34) Mean (17) Solitary r/f (20) One-sided r/f (21) Two-sided r/f (22) CorrDD (23) 
  (1) (2) (3) (4) (5) (6) (7)  Jan Jul Jan Jul Jan Jul Jan Jul (1) (2) (3) (4) (5) (6) (7)  
Cunnamulla Hist 374 159 0.85 0.110 2.47 0.36 0.85 44 49 25 4.6 3.5 119 59 10.6 6.9 5.4 3.7 10.9 7.2 18.4 15.1 0.65 0.69 
Post Office TPM 375 117 0.51 -0.001 1.93 0.38 1.06 44 49 25 4.6 3.5 145 69 10.5 7.0 8.3 5.2 10.9 7.5 13.2 10.1 0.59 0.63 
44026 TPMb 376 159 0.56 -0.019 2.30 0.17 0.78 44 50 25 4.6 3.5 138 68 10.7 7.0 8.0 5.1 11.3 7.9 13.8 10.0 0.59 0.63 
 DMM 375 148 0.70 0.020 2.27 0.27 0.86 42 48 25 4.4 3.4 164 89 10.9 7.3 11.4 7.6 10.7 7.1 10.6 7.2 0.42 0.41 
 DMMm 392 143 0.95 0.019 2.23 0.32 0.99 44 50 25 4.6 3.5 144 78 10.9 7.2 10.7 6.9 10.9 7.3 11.2 7.6 0.49 0.48 
Pine Cliff Hist 550 151 0.38 -0.079 1.94 0.44 1.37 62 59 37 5.8 5.6 78 63 10.2 6.7 8.4 4.9 9.4 6.6 16.2 11.2 0.73 0.58 
55045 TPM 556 136 0.52 0.001 1.68 0.52 1.28 63 60 38 5.8 5.6 92 71 10.3 6.8 8.4 5.5 10.5 7.0 13.6 8.9 0.66 0.64 
 TPMb 555 151 0.55 -0.008 1.76 0.46 1.21 62 60 37 5.9 5.4 87 63 10.2 6.8 8.3 5.6 10.7 7.1 13.3 8.9 0.65 0.64 
 DMM 549 143 0.33 0.017 1.69 0.48 1.22 62 59 37 5.8 5.6 77 67 10.2 6.7 10.2 6.7 10.1 6.6 10.3 6.7 0.58 0.52 
 DMMm 552 143 0.39 0.020 1.70 0.48 1.25 62 59 37 5.8 5.6 83 61 10.2 6.7 10.2 6.6 10.1 6.7 10.2 7.0 0.57 0.55 
Jervis bay Hist 1254 461 0.99 0.225 1.99 0.47 1.14 141 100 94 12.0 10.4 199 117 8.3 9.1 3.4 4.9 7.7 7.8 11.9 13.0 0.66 0.71 
(Pt Perpendi- TPM 1287 282 0.74 0.006 1.65 0.58 1.38 141 102 96 12.0 10.3 178 137 8.5 9.2 4.5 4.7 7.5 8.3 12.1 12.9 0.69 0.72 
cular) TPMb 1286 459 0.57 0.012 2.01 0.30 0.96 139 101 96 11.8 10.2 190 135 8.6 9.4 4.5 4.7 7.6 8.4 12.3 13.3 0.67 0.71 
68034 DMM 1251 352 0.41 0.014 1.78 0.44 1.15 138 99 94 11.9 10.2 167 151 8.3 9.2 8.4 9.3 8.2 9.2 8.3 9.1 0.49 0.54 
 DMMm 1291 338 0.71 0.027 1.76 0.48 1.27 139 101 95 11.9 10.2 157 134 8.5 9.3 8.0 8.8 8.5 9.3 8.8 9.4 0.54 0.59 
Hay Hist 321 111 -0.48 -0.045 1.70 0.00 1.18 51 24 27 2.4 6.9 52 25 9.7 3.9 7.5 3.7 10.3 4.2 14.2 3.8 0.73 0.62 
75035 TPM 335 87 0.60 0.008 1.67 0.53 1.33 53 25 28 2.6 7.1 61 26 9.6 3.9 7.2 3.8 10.6 4.0 14.2 4.2 0.67 0.61 
 TPMb 333 101 0.62 0.011 1.82 0.45 1.20 52 25 28 2.5 7.1 63 25 10.2 4.0 7.3 3.8 11.3 4.1 15.3 4.0 0.68 0.60 
 DMM 329 100 0.41 0.016 1.76 0.44 1.18 52 24 28 2.4 7.1 73 27 10.0 3.9 10.3 3.9 9.7 3.9 9.5 4.1 0.47 0.59 
 DMMm 333 97 0.50 0.013 1.73 0.47 1.21 52 25 28 2.5 7.2 67 26 10.0 3.9 9.8 3.8 10.0 3.9 10.4 4.0 0.53 0.60 
Narraport Hist 353 106 0.25 0.158 1.72 0.44 0.93 68 16 35 2.6 8.8 49 42 6.2 4.0 4.5 3.5 8.5 4.1 8.1 4.6 0.66 0.59 
77030 TPM 361 85 0.70 0.010 1.71 0.53 1.32 68 16 37 2.6 8.9 49 38 6.1 4.2 5.0 3.6 7.2 4.3 9.8 4.7 0.63 0.64 
 TPMb 361 106 0.68 -0.012 1.89 0.42 1.15 67 16 37 2.6 8.8 48 39 6.3 4.2 5.1 3.6 7.2 4.3 11.1 4.8 0.64 0.64 
 DMM 353 96 0.45 0.009 1.79 0.45 1.19 68 16 35 2.5 8.8 50 40 6.3 4.0 6.5 4.0 6.1 4.0 6.0 4.1 0.42 0.58 
 DMMm 357 93 0.53 -0.003 1.75 0.47 1.24 68 16 35 2.6 8.8 52 37 6.4 4.0 6.4 4.0 6.3 4.0 6.4 4.0 0.43 0.60 
Melbourne Hist 660 128 0.02 0.012 1.47 0.50 1.31 153 48 48 8.2 16.6 108 74 5.9 2.9 3.9 1.7 5.7 2.6 8.6 3.7 0.64 0.62 
86071 TPM 683 119 0.88 0.041 1.55 0.64 1.49 153 50 51 8.3 16.5 83 78 6.0 3.1 4.0 2.0 6.1 2.8 8.3 3.9 0.65 0.70 
 TPMb 683 127 0.86 0.040 1.58 0.61 1.44 150 49 51 8.0 16.1 85 68 6.1 3.1 4.0 2.1 6.3 2.9 8.3 4.0 0.65 0.70 
 DMM 658 122 0.29 0.011 1.54 0.58 1.38 153 48 48 8.2 16.6 98 51 5.9 2.9 6.0 2.9 5.8 2.9 5.9 2.9 0.48 0.62 
 DMMm 661 123 0.35 -0.013 1.56 0.59 1.40 153 48 48 8.2 16.6 89 51 5.9 2.9 5.9 2.9 5.9 2.9 5.9 2.9 0.50 0.62 
Toorourrong Hist 803 163 0.06 -0.002 1.54 0.59 1.35 145 55 67 7.9 15.9 73 79 6.9 4.2 5.3 2.6 6.9 4.0 9.3 5.0 0.58 0.69 
Reservoir TPM 827 138 0.78 0.022 1.50 0.65 1.52 146 56 70 7.9 15.9 91 68 7.0 4.4 5.3 3.1 7.3 4.1 9.0 5.2 0.62 0.75 
86117 TPMb 827 162 0.69 0.033 1.58 0.58 1.40 143 57 70 7.8 15.6 88 63 7.2 4.4 5.3 3.2 7.5 4.2 9.3 5.2 0.63 0.75 
 DMM 802 146 0.30 -0.002 1.51 0.59 1.42 145 55 67 7.9 15.9 90 52 6.9 4.2 6.9 4.2 6.9 4.2 6.9 4.2 0.52 0.69 
 DMMm 804 145 0.32 -0.001 1.51 0.61 1.43 145 54 67 7.9 15.9 87 52 6.9 4.2 6.9 4.2 6.8 4.2 6.9 4.2 0.51 0.70 
Wallaby Hist 1219 241 0.17 0.046 1.49 0.60 1.46 165 64 129 8.4 19.4 81 119 7.7 6.7 5.1 3.2 6.9 5.9 12.9 7.5 0.63 0.80 
Creek (Weir) TPM 1238 191 0.53 0.003 1.43 0.67 1.53 165 65 131 8.4 19.3 107 97 7.8 6.8 5.1 4.2 7.8 5.9 11.0 7.6 0.67 0.82 
88060 TPMb 1237 240 0.48 0.011 1.55 0.59 1.41 163 66 131 8.3 19.1 99 102 7.9 6.9 5.3 4.4 8.0 6.1 11.2 7.7 0.68 0.81 
 DMM 1217 211 0.25 0.003 1.46 0.61 1.44 165 64 129 8.3 19.3 121 81 7.7 6.7 7.8 6.6 7.7 6.6 7.7 6.7 0.49 0.78 
 DMMm 1223 208 0.29 0.010 1.45 0.63 1.48 165 65 129 8.3 19.4 101 78 7.8 6.7 7.6 6.7 7.9 6.7 8.0 6.7 0.53 0.79 
Carrick Hist 713 146 0.28 0.069 1.47 0.53 1.57 124 37 84 7.1 13.8 46 46 5.3 6.1 3.8 4.0 5.3 5.3 8.9 8.0 0.69 0.76 
91013 TPM 729 118 0.60 0.006 1.42 0.68 1.56 124 38 85 7.1 13.8 46 48 5.4 6.2 3.9 4.1 5.6 5.6 8.3 7.7 0.67 0.81 
 TPMb 727 146 0.54 0.020 1.52 0.60 1.44 122 39 85 6.9 13.6 47 48 5.6 6.3 4.0 4.3 5.7 5.7 8.7 7.8 0.66 0.80 
 DMM 713 135 0.22 0.005 1.46 0.61 1.44 124 37 84 7.0 13.8 49 54 5.3 6.1 5.4 6.1 5.3 6.1 5.2 6.1 0.51 0.73 
 DMMm 712 131 0.12 0.021 1.43 0.62 1.46 124 38 84 7.1 13.8 52 52 5.3 6.1 5.3 6.1 5.4 6.1 5.4 6.1 0.53 0.73 
Swan Island Hist 604 142 1.14 0.040 1.73 0.63 1.53 138 34 62 7.4 15.2 37 60 4.6 4.0 3.4 2.2 4.4 3.6 8.5 5.3 0.61 0.78 
92037 TPM 628 111 0.95 0.049 1.50 0.69 1.57 139 35 65 7.3 15.2 41 51 4.8 4.3 3.7 2.9 4.9 3.8 6.9 5.4 0.62 0.75 
 TPMb 626 141 0.76 0.035 1.60 0.59 1.41 136 35 65 7.2 14.9 45 53 4.9 4.4 3.7 2.9 5.1 3.9 7.0 5.6 0.63 0.73 
 DMM 603 118 0.30 0.007 1.48 0.61 1.43 138 34 61 7.3 15.2 51 52 4.6 4.0 4.7 4.1 4.6 4.0 4.6 4.0 0.46 0.63 
 DMMm 605 115 0.30 0.006 1.46 0.63 1.47 137 34 62 7.3 15.2 51 50 4.7 4.1 4.5 3.9 4.8 4.0 4.6 4.2 0.49 0.66 

 
Note: 
1. 2YrS − Minimum 2-year rainfall sums. 
2. WetD − Average number of wet days per year. 
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Table 5: Assessment of daily models. 
 

No Parameters TPM TPMb DMM DMMm 
 Annual     

(1) Mean a a a a 
(2) SD r a a a 
(4) Lag-1 Serial Corr r r r r 
(7) Min n-years a a a a 

 Monthly     
(9) Mean a a a a 
(10) SD a a a a 
(11) CS a a a a 
(13) Max a a a a 
(14) Min a a a a 
(15) No rain months a a r a 
(16) No of wet days a a a a 

 Daily     
(17) Mean a a a a 
(18) SD a a a a 
(19) CS a a a a 
(20) Solitary rainfall a a r r 
(21) One-sided rainfall a a r r 
(22) Two-sided rainfall a a a a 
(23) Corr depth & dur a a a a 
(24) Mean dry spell a a a a 
(25) SD of dry spell a a a a 
(27) Mean wet spell a a a a 
(28) SD of wet spell a a a a 
(30) Longest dry spell a a r a 
(31) Longest wet spell a a a a 
(34) Max daily rainfall a a a a 

 
TPM – Transition probability matrix method (Srikanthan and McMahon, 1985) 
TPMb – Boughton’s adjustment to the above model 
DMM – Daily and monthly mixed algorithm (Wang and Nathan, manuscript) 
DMMm – Modified DMM model 
a – adequately modelled 
r – poorly modelled 
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Appendix A: Figures −−−− Annual, Monthly and Daily Rainfall Data and Model Results 
 
(All statistics calculated from generated data are based on one hundred replicates) 
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Figure A1: Mean annual rainfall. Figure A2: Standard deviation of annual rainfall. 
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Figure A3: Lag one auto-correlation. Figure A4 Minimum 5-year rainfall sums. 
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Figure A5: Coefficient of skewness of monthly rainfall. 
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Figure A6: Number of months with no rain. 

 



 

 22 

0.
0

5.
0

10
.0

15
.0

20
.0

25
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
ine

 C
liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
elb

or
ne

To
or

ou
rro

ng

W
al

lab
y 

C
re

ek

C
ar

ric
k

S
wa

n 
Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

January

0.
0

5.
0

10
.0

15
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
in

e 
C

liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

S
w

an
 Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

April

0.
0

5.
0

10
.0

15
.0

20
.0

25
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
ine

 C
liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
elb

or
ne

To
or

ou
rro

ng

W
al

lab
y 

C
re

ek

C
ar

ric
k

S
wa

n 
Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

July

0.
0

5.
0

10
.0

15
.0

20
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
in

e 
C

liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

S
w

an
 Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

October

0.
0

5.
0

10
.0

15
.0

20
.0

25
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
ine

 C
liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
elb

or
ne

To
or

ou
rro

ng

W
al

lab
y 

C
re

ek

C
ar

ric
k

S
wa

n 
Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

January

0.
0

5.
0

10
.0

15
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
in

e 
C

liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

S
w

an
 Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

April

0.
0

5.
0

10
.0

15
.0

20
.0

25
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
ine

 C
liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
elb

or
ne

To
or

ou
rro

ng

W
al

lab
y 

C
re

ek

C
ar

ric
k

S
wa

n 
Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

July

0.
0

5.
0

10
.0

15
.0

20
.0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

No
rs

em
an

Da
rw

in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
we

s

C
un

na
m

ul
la

P
in

e 
C

liff

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

S
w

an
 Is

la
nd

A
ve

ra
ge

 n
um

be
r o

f w
et

 d
ay

s

Observed
TPM
TPMb
DMM
DMMm

October

 
Figure A7: Average number of wet days. 
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Figure A8: Mean daily rainfall. 
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Figure A9: Mean daily rainfall for solitary wet days. 
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Figure A10: Mean wet spell length. 
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Figure A11: Longest dry spell. 

 



 

 27 

0
10

0
20

0
30

0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 ra

in
fa

ll 
(m

m
)

Observed
TPM
TPMb
DMM
DMMm

January

0
10

0
20

0
30

0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
al

m
er

vi
lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rvi

s 
ba

y

H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 r

ai
nf

al
l (

m
m

)

Observed
TPM
TPMb
DMM
DMMm

April

0
50

10
0

15
0

20
0

25
0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 ra

in
fa

ll 
(m

m
)

Observed
TPM
TPMb
DMM
DMMm

July

0
50

10
0

15
0

20
0

25
0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
al

m
er

vi
lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rvi

s 
ba

y

H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 r

ai
nf

al
l (

m
m

)

Observed
TPM
TPMb
DMM
DMMm

October

0
10

0
20

0
30

0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 ra

in
fa

ll 
(m

m
)

Observed
TPM
TPMb
DMM
DMMm

January

0
10

0
20

0
30

0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
al

m
er

vi
lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rvi

s 
ba

y

H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 r

ai
nf

al
l (

m
m

)

Observed
TPM
TPMb
DMM
DMMm

April

0
50

10
0

15
0

20
0

25
0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
alm

er
vi

lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rv

is
 b

ay H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 ra

in
fa

ll 
(m

m
)

Observed
TPM
TPMb
DMM
DMMm

July

0
50

10
0

15
0

20
0

25
0

R
oe

bo
ur

ne

M
ee

do

C
ut

te
ni

ng

N
or

se
m

an

D
ar

w
in

H
er

m
an

ns
bu

rg

M
ar

re
e

H
ap

py
 V

al
le

y

P
al

m
er

vi
lle

Ta
ro

om
 P

O

G
at

to
n-

La
w

es

C
un

na
m

ul
la

P
in

e 
C

lif
f

Je
rvi

s 
ba

y

H
ay

Na
rra

po
rt

M
el

bo
rn

e

To
or

ou
rro

ng

W
al

la
by

 C
re

ek

C
ar

ric
k

Sw
an

 Is
la

nd

M
ax

im
um

 d
ai

ly
 r

ai
nf

al
l (

m
m

)

Observed
TPM
TPMb
DMM
DMMm

October

 
Figure A12: Maximum daily rainfall. 
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Figure A13: Comparison of observed and TPMb model 

generated mean annual rainfall. 
Figure A14: Comparison of observed and TPMb model generated 

standard deviation of annual rainfall. 
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Figure A15: Comparison of observed and TPMb model 

generated lag one auto-correlation of annual rainfall. 
Figure A16: Comparison of observed and TPMb model generated 

minimum 5-year rainfall sums. 
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Figure A17: Comparison of observed and TPMb model generated coefficient of skewness of monthly rainfall. 
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Figure A18: Comparison of observed and TPMb model generated number of months with no rain. 
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Figure A19: Comparison of observed and TPMb model generated average number of wet days. 
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Figure A20: Comparison of observed and TPMb model generated mean daily rainfall. 
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Figure A21: Comparison of observed and TPMb model generated mean daily rainfall for solitary wet days. 
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Figure A22: Comparison of observed and TPMb model generated mean wet spell length. 
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Figure A23: Comparison of observed and TPMb model generated longest dry spell. 
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Figure A24: Comparison of observed and TPMb model generated maximum daily rainfall. 
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