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Abstract

This research aims to estimate the two parameters and reliability
function of the two-parameters Weibull distribution based on
four estimation methods: Maximum likelihood (MLE), Method
of Moments (MOM), Rank Regression Method (RRM), Power
Density Method (PDM). In addition to a fifth method that
includes deriving a formula for a mixture estimator (Mix)
resulting from adopting Maximum Likelihood estimator by a
ratio (P) and a moment estimator by a ratio (1-P). Simulation
method was used to compare each of the five estimation
methods to reach the best method to estimate parameters and
reliability function. Simulation process was done by generating
random data that follows Weibull distribution, based on six
models as follows:(b=1,1,15,15,2,2), (=05,1,15,
2,2.5, 3), and based on sample sizes (h = 20, 50, 75, 100, 120),
repetitions of each experiment (R = 1000). A comparison was
made among these methods using mean square error (MSE) and
mean absolute bias error (MABE). The researcher found that
superiority of the Rank Regression Method (RRM) compared to
other methods. On the applied side, the reliability function and
the Weibull distribution parameters were calculated for real data
on wheat crop losses in Egypt, the researcher also found the
superiority of the Rank Regression Method (RRM).
Keywords:

Reliability, Two-parameters Weibull distribution, Maximum
likelihood Method, Method of Moments, Mixture Method, Rank
Regression Method, Power Density Method, Simulation.
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Aalidal) (3 kil Jug auisi Aalra cpali 1(Y) Jya

MLE MOM Mix RRM PDM
I O T I T Y O I
20 10.6821]0.7624/0.9632|0.7631|1.013810.5214|0.8911{0.5013|0.83820.5213
50 [0.7263|1.5328/1.6021(0.8432|1.082210.50310.97820.5108| 1.1471]0.5638
1| 75 ]0.7321]1.4325]2.0322/0.7318|1.0331]0.4328{0.9854)0.4972|1.0828|0.4972
100 |0.8235]0.7781|1.7523|0.7082|1.1026|0.6314|1.0038|0.5024|1.2741{0.4731
120 10.796310.9234|2.1311{0.6974|1.183210.6532|1.0136/0.5114]0.9173|0.4013
20 10.6832]0.9738/0.9633|2.1378|1.014110.96380.9312|1.0284]0.7168 | 0.63 14
50 [0.7271(1.3215/1.8019(1.1254|1.0825|1.03140.9781 | 1.0182|0.8932|0.9328
2 | 75 ]0.9362|1.7832|1.6338)1.61031.03421.1831/0.9855|1.176110.9362| 1.0213
100 10.9145]0.938212.0536{1.9283|1.1038|1.0371|1.0038 | 1.0825|1.02140.8752
120 10.6932|1.0281|1.5328|1.1282|1.1836| 1.3833|1.0133{1.0314|1.2833]0.9138
20 |1.6382]0.8356|1.6382|1.6312]1.6382|1.5632|1.5283 |1.6138|1.6314|1.4325
50 |1.8453(2.1639|1.7214|2.1218|1.5141]1.5815|1.5185/1.5653|1.8652{1.5014
3| 75 |2.5625(1.3325/1.9312|1.6351|15034|1.5214|1.4354|15313|1.6252{1.2528
100 |2.0183|1.8346|1.1282|0.9638|1.6136|1.5032|1.6288 | 1.5062 | 1.3341|1.8253
120 |2.2653]0.9725/0.8532{0.8325|1.3872|1.5144]1.5359|1.5225]1.5562 | 1.6253
20 |1.9258]0.9782|1.9328|2.6328|1.513812.0315|1.6213|2.1251|1.5328|1.7632
50 [2.6143(2.0314|1.8315(3.1251|1.5732|2.1432|1.3851 | 1.9822|1.9213|2.2254
4 | 75 |2.8352|1.6282|1.6214)2.1328)1.5125/2.1253|1.5732|2.1825 | 1.6352|2.3825
100 12.325210.9213|1.7251|1.6319|1.5114/2.0852|1.5028|2.0351|1.4352|1.9763
120 |1.7622|1.2013|1.1328|2.1638|1.4962 | 2.1514|1.5351{2.0312|1.7382|2.3924
20 |1.3825]3.63323.0325|1.6352)2.156212.3987|2.1536|2.6412| 2,1402|2.6552
50 |3.1369(3.9734/2.5214|2.1468|2.0823| 2.5038 | 2.0831 | 2.5151|2.2315|2.7138
S| 75 |3.3652]3.1266/2.1286|2.7964|2.3963|2.5524|2.1328|2.6132|2.7963 | 2.8842
100 |2.9374|2.,6352|2.8314|2.8325|2.2975|2,6031|2.1414|2.5155|2,5514|2.5613
120 14.3382|4.0204|2.9562|2.6628|2.0732|2.5132{2.0319|2.5914|1.9962 | 2.3825
20 |1.7352]4.8352|2.1328|2.5223|2.2314|1.8352|2.1825|2.9134|2.2563 | 1.7631
50 |2.6144(4.7636|2.6344|2.8312|1.9216|3.2421|2.04413.3215|2.2112| 2.7815
6 | 75 [1.6872{4.2833/2.2836|2.2883|2.0713|3.1052|2.1512|2.9416|1.8215|3.3522
100 |1.9733|3.7763|2.8323|3.7961|2.0215|2.8628|2.0311{3.0332|1.9913|2.8914
120 |1.8738|3.1821|2.5524|3.8631|2.1438/2.9341|1.9738|3.1415|2.3213|3.1303

Model| n
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Gohl aaaad Ldgisal) Ala @it (MSE) Uadl) cilasye Jacusia :(3) Jga

Model| n MLE MOM MIX RRM PDM Best

20 | 0.027301 | 0.018635 | 0.008263 | 0.004541 | 0.025346 | RRM
50 | 0.025181 | 0.013259 | 0.006572 | 0.003508 | 0.021839 | RRM
1| 75 10022637 | 0.010962 | 0.005431 | 0.001497 | 0.016372 | RRM
100 | 0.021413 | 0.010264 | 0.005128 | 0.000481 | 0.015234 | RRM
120 | 0.019732 | 0.010128 | 0.004267 | 0.000397 | 0.014385 | RRM
20 | 0.025384 | 0.015274 | 0.005872 | 0.002835 | 0.018324 | RRM
50 | 0.025131 | 0.015133 | 0.005138 | 0.002214 | 0.018029 | RRM
2 | 75 | 0019632 | 0.014324 | 0.004256 | 0.001731 | 0.017596 | RRM
100 | 0.017318 |0.009172 | 0.003872 | 0.001589 | 0.013825 | RRM
120 | 0.015536 | 0.008751 | 0.001629 | 0.000671 | 0.011736 | RRM
20 | 0.027381 | 0.017628 | 0.006431 | 0.003156 | 0.019362 | RRM
50 | 0.025347 | 0.011328 | 0.005284 | 0.003025 | 0.017591 | RRM
31 75 10022636 |0.007351 | 0.003976 | 0.002681 | 0.013825 | RRM
100 | 0.022501 | 0.007163 | 0.002753 | 0.001722 | 0.011264 | RRM
120 | 0.017382 | 0.006682 | 0.002013 | 0.000537 | 0.008362 | RRM
20 | 0.031628 | 0.020139 | 0.003628 | 0.001128 | 0.009365 | RRM
50 | 0.028591 | 0.019782 | 0.001792 | 0.000717 | 0.007814 | RRM
4 | 75 10026327 |0.019264 | 0.001163 | 0.000706 | 0.007325 | RRM
100 | 0.022561 | 0.018631 | 0.001085 | 0.000523 | 0.005872 | RRM
120 | 0.008715 | 0.017276 | 0.000962 | 0.000341 | 0.005364 | RRM
20 | 0.033574 | 0.023815 | 0.004728 | 0.002892 | 0.007938 | RRM
50 | 0.031258 |0.022736 | 0.004362 | 0.002161 | 0.007514 | RRM
5 |75 |0.029782 | 0.021035 | 0.003654 | 0.000738 | 0.005864 | RRM
100 | 0.026324 | 0.017362 | 0.001832 | 0.000692 | 0.003972 | RRM
120 | 0.023857 | 0.013028 | 0.000793 | 0.000514 | 0.003158 | RRM
20 | 0.035284 | 0.028361 | 0.004253 | 0.001983 | 0.006328 | RRM
50 | 0.034371 | 0.022573 | 0.003968 | 0.001285 | 0.006152 | RRM
6 | 75 | 0.028562 | 0.007362 | 0.003537 | 0.001028 | 0.005629 | RRM
100 | 0.026381 | 0.007152 | 0.001628 | 0.000534 | 0.004728 | RRM
120 | 0.022743 | 0.002854 | 0.000976 | 0.000512 | 0.003655 | RRM
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Model| n MLE MOM MIX RRM PDM Best

20 | 0.049385 | 0.038462 | 0.025683 | 0.016358 | 0.044285 | RRM
50 | 0.046213 | 0.036285 | 0.023974 | 0.016179 | 0.042687 | RRM
1| 75 | 0.044387 | 0.034791 | 0.022638 | 0.016084 | 0.042138 | RRM
100 | 0.042163 | 0.033825 | 0.021549 | 0.015839 | 0.041769 | RRM
120 | 0.041877 | 0.031056 | 0.021163 | 0.015764 | 0.041325 | RRM
20 | 0.047625 | 0.035362 | 0.023671 | 0.015863 | 0.043726 | RRM
50 | 0.046827 | 0.035182 | 0.022834 | 0.015728 | 0.043259 | RRM
2 | 75 | 0.044726 | 0.034619 | 0.021763 | 0.014632 | 0.042863 | RRM
100 | 0.043921 | 0.034453 | 0.017593 | 0.014351 | 0.042215 | RRM
120 | 0.043268 | 0.029754 | 0.016825 | 0.013976 | 0.041637 | RRM
20 | 0.049473 | 0.037428 | 0.024823 | 0.015982 | 0.044382 | RRM
50 | 0.048652 | 0.035271 | 0.023754 | 0.015263 | 0.043261 | RRM
31 75 ] 0.046915 | 0.027463 | 0.023518 | 0.014736 | 0.042853 | RRM
100 | 0.045537 | 0.024682 | 0.017392 | 0.014521 | 0.041685 | RRM
120 | 0.043893 | 0.019756 | 0.016835 | 0.013864 | 0.040293 | RRM
20 | 0.049865 | 0.039628 | 0.020385 | 0.014768 | 0.039758 | RRM
50 | 0.047322 | 0.039152 | 0.018562 | 0.014629 | 0.039674 | RRM
4 | 75 | 0.046038 | 0.038625 | 0.017674 | 0.014211 | 0.039287 | RRM
100 | 0.044835 | 0.031794 | 0.015873 | 0.013683 | 0.038825 | RRM
120 | 0.039624 | 0.029731 | 0.014628 | 0.012963 | 0.035962 | RRM
20 | 0.051639 | 0.041652 | 0.022583 | 0.012735 | 0.042563 | RRM
50 | 0.050316 | 0.040183 | 0.021626 | 0.012283 | 0.041792 | RRM
S| 75 10.048215 | 0.039152 | 0.020823 | 0.011731 | 0.040853 | RRM
100 | 0.046953 | 0.037284 | 0.017935 | 0.011386 | 0.039576 | RRM
120 | 0.043182 | 0.035268 | 0.015638 | 0.011297 | 0.038827 | RRM
20 | 0.053748 | 0.043526 | 0.021694 | 0.011369 | 0.049628 | RRM
50 | 0.051629 | 0.041825 | 0.021182 | 0.010852 | 0.048163 | RRM
6 | 75 | 0.047262 | 0.032571 | 0.016358 | 0.010263 | 0.047037 | RRM
100 | 0.046381 | 0.031652 | 0.012837 | 0.010214 | 0.046158 | RRM
120 | 0.045873 | 0.026371 | 0.009735 | 0.006213 | 0.043591 | RRM
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Wiy (MSE) Wadll cilasye Lasic (Hlae alasials plall oda cp 4ijlie

(M) Jsaall

2D b aead Audial) cililad) a)adiuls Bakall adl) :(A) Jgia
Method| MLE [ MOM MIX RRM | PDM
b 1.1539 | 1.7248 | 1.6835 | 1.6352 | 1.5381
B 1.8304 | 2.8744 | 22139 | 2.1385 | 1.8735
MSE 0.0427 0.0351 0.0038 0.0014 | 0.0408
MABE | 0.0518 | 0.0413 | 0.0237 | 0.0126 | 0.0427
R (t) 0.7258 0.8356 0.8973 0.9216 | 0.7632
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