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၁။         
1-1? aemufcHordkif;a=umif;  

rkwWryifv,fauGŒonf rsm;jym;aom xl;uJr_jzifh jrefrmedkifiH. taemufawmifbufwGif wnf&SdjyD; tm'ref 

yifv,feSifhxdpyfvsuf &Sdonf? 4if;. us,fjyef@aomekef;wifajrekvGifjyifonf iSuf/  ig;/ tjcm;w&dp>mefrsm;ESifh 

a'owGif;tcgtm;avsSmfpGmaygufa&mufaomtyifrsm;wkd@.tdrfvnf;jzpfonf? jrpf0.tus,fonf 100 uDvdkrDwmcef@ 

jzpf+yD; ppfawmif;jrpfonf ajrmufbufokd@ uawmhykHpH usOf;oGm;onf (ykH-1-21)? xdk{&d,monf 4if;.tm;aumif;aom 

'Da&twwftus jzpfpOfa=umifh vlodrsm;onf? 'Da&wwfcsdefwGif 'Da&rsm;onf 1 rDwmcef@ tjrifh&Sdaom v_dif;yHkpH 

jzpfay:jyD; jrpf0.txufbufokd@ wufoGm;onf? 
 

'Da&wufonfhtcgwdkif;wGif/ jrifhrm;aomtenfaemufZkefonf awmifeSifhajrmufa&GŒvsm;+yD;/ uDvdkrDwm 100 

txd&Snfvsm;aom urBmht&SnfqHk;&GHŒEGHŒjyiftjzpfjzpfay:aponf? ab;rS0ef;&Hxm;aomajronf t=urf;zsif;tm;jzifh 

ajrjyef@ewfpyg;/   us,fjyefŒaom rzGHŒ+zdK;ao;onfh aomifEkajrrsm; ESifh ajredrfh{&d,m ('Da&tjrifhqkH;tcsdefwGif urf;&dk; 

wrf;wpfav#mufa&v$rf;onfha'o) 

rsm;yg0ifygonf?  

rkwWrauG@eSifhppfawmif;jrpf0tm; 

yJcl;wdkif;a'o}uD; eSifh rGefjynfe,fwkd@rS 

0ef;&Hxm;onf? ppfawmif;jrpfwGif 

a&G@vsm;tm;rsm;aom 'Da&vrf;a=umif; 

onf urf;&dk;wef;{&d,mtajrmuftjrm;  

t&Sdefjyif;pGm jydKusysufpD;r_udk jzpfaponf? 

yJcl;wdkif;a'o}uD;wGif urf;jydKr_a=umifh 

&GmvHk;u|wfysufpD;jcif;rsm; ajymif;a&$@jcif; 

rsm;jyKvkyf&onf? v,form;rsm;eSifh a& 

vkyfom;rsm;. toufarG;0rf;a=umif; 

vkyfief; rsm;pGmxdcdkuf&onf?  urf;jydKjcif; 

eSifh aomifxGef;jcif; wpfvSnfhpD t}udrf 

rsm;pGm jzpfay:ae+yD; cefŒrSef;acst& 

xdkk@tjzpftysufrsm;onff 10 eSpfrS 15 

eSpftwGif;wGif wpf}udrfjzpfonf?  

yJcl;wdkif;a'o}uD;wGif t"duurf;jydKurf; 

pm;r_'%fudk cHpm;ae&aom &Gmrsm;onf 

ppfawmif;jrpfteD;&Sd jrdK@e,feSpfckrS 

jzpfonf? 4if;wdk@rSm u0jrdKŒe,feSifh 

oeyfyifjrdK@e,fwdk@ jzpfonf? ,cktcsdef 

wGif xdkaus;&Gmrsm;wGif aexdkifaom 

&Gmom; 7000 ausmfonf urf;jydKurf; 

pm;jcif;ab;. jcdrf;ajcmufr_udk ,cktcsdef 

ESifh vGefcJhaomumv vaygif;rsm;pGmu 

wdkuf&dkufcHpm;aeonf? xdk@a=umifh 

yJcl;wdkif;a'o}uD;. tpdk;&tzGJ@rS rkwœrauG@. urf;jydKurf;pm;jcif;u dk udkifwG,fajz&Sif;&ef taxmuftyHhrsm; &SmazGaecJhjcif; 

jzpfygonf? 
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 toufarG;0rf;a=umif; vkyfief;tcGifhtvrf;rsm; zGHŒ+zKd;a&;ESifh obm0ywf0ef;usif xdef;odrf;apmifha&Smufa&; ESpfckpvkH; 

twGuf jrpf. oGifjyiftaetxm;ajymif;vJjcif;udk cef@rSef;edkif&efrSmtvGefyifta&;ygonf? xdkodk@ cef@rSef;wGufcsuf&wm 

yifv,fa&jrifhwufvmjcif;udk jzpfapaom &moDOwkajymif;vJjcif; ta=umif;t&mrsm;udk xnfhoGif;pOf;pm;&ef vdktyf 

onf? urf;&dk;wef;wpfavsSmuf trsm;qHk;urf;jydKedkifaom tajctaeudk }uKdwifcef@rSef;jcif; tm;jzifh vHkjcHKaomae&mrsm; 

eSifh ajymif;a&G$@edkifaom ae&mrsm;tm; owfrSwfedkifjcif;wdk@ aqmif&Gufedkifonf?  

rkwœrauGŒ.pDrHudef;udk,fpm; Helvetas tzGJ@tpnf;rS Arcadis tm; xdkurf;&dk;wef;urf;jydKurf;pm;jzpfpOftm; 

avhvmjcif;rsm; vkyfaqmif&ef oabmwlpmcsKyf csKyfqkdcJhonf? ,ckpD&ifcHpm. avhvmr _awGŒ&Sdcsufrsm;ukd  Mr. R.C. 

Steijn (ya&m*suftzGJ@acgif;aqmif)  dr.J.Cleveringa, Mr.J.van der Baan (Arcadis e,fomvefedkifiH) ESifh Tanya 

Huizer (Arcadis jrefrmedkifiH) wdk@rS jyifqifa&;om;cJhjcif;jzpfonf? Alexander de Ruijter, Floris Verbeek (Arcadis 

jrefrmedkifiH) eSifh  Jasper Leuven (Utrecht wuUodkvf) wdk@. tultnDrsm;jzifh aqmif&Gufjcif; jzpfygonf?  Prof.dr.M. 

Kleinhans (Utrecht wuUodkvf) eSifh  Prof.dr.Z.B.Wang ( Deltares)wdk@rS odyH`enf;us avhvmcsufrsm;udk 

aqmif&Gufonf? 

 

Figure 1.2 Two pictures (Courtesy Helvetas) of the same school. The picture at the left taken on 07.11.2017; the picture 
on the right was taken only one month later on 12.12.2017. 

 

 

1-2?  &nf&G,fcsufrsm; 

1? rkwWryifv,fauGŒa'o. urf;yg;+yKdr_udk wGef;vSefEkdif&eftwGuf ta&;yg;aomwdkif;wmr_ us,fus,fjyefŒjyefŒ 

jyKvkyfEkdif&ef rkwWrauGŒpDrHcsufESifh tpdk;&tkyfcsKyfa&;Xmersm; awGŒqkH;aqG;aEG;jcif;? 

2? oufqkdif&mtzGJŒtpnf;Xmersm;ESifhnSd;E_dif;aqG;aEG;+yD;aemuf r[mAsL[mrsm;a&;qGJI yJcl;wkdif;ESifh rGefjynfe,fwGif 

jzpfysufaeaom urf;yg;+yKdr_rsm;udk pDavsSmfpGmjyKvkyfjcif;/ ukdufnDpGmjyifqifjcif;/ xdrf;csKyfjcif; (odkŒr[kwf) wGef;vSefjcif; 

jyKvkyfoGm;&efESifh 4if;urf;yg;+yKdr_rsm;a=umifh ajz&Sif;r_ukefusp& dwfrsm; cefŒrSef;wGufcsuf&mwGif “obm0ESifhudkufavsSmfnD 

axG&Sdonfhajz&Sifcsuf” t,ltprsm; yg0ifygonf? 

3? yJcl;wkdif;ESifS rGefjynfe,ftwGuf tem*wfwGif rwlnDaom tcsdefumvrsm;. urf;pyfwpfavsSmuf +yKdusr_ 

cefŒrSe fcsufrsm;jyKvkyf+yD; aemufvmrnfhESpfrsm;wGif “vkH+cKH”onfh {&d,mrsm;cefŒrSef;+yD; }uD;rm;aom tajccHtaqmuf 

tOD;rsm;jzpfonfh “pmoifausmif;/ vrf;/ aomufokH;a&uefESifh tjcm;aom tpdk;&0efaqmifr_rsm;” jyKvkyfjcif;? 

4? oufqdkif&marmfv+rKdifESifh yJcl;wuUokdvfrsm;ESifh yl;aygif;I urf;&kd;wef;a'o w&dp>mefESifhtyifrsm; oufqkdifonfh 

avhvmonfh ynm&SiftzGJŒwck zGJŒpnf;jcif;? 

 

Figure – 1.1 Sittaung estuary with names of the villages in Bago and Mon 
states. 
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urf;&kd;wef; xdef;odrf;umuG,fa&;wkdif;wmcsufrsm;rjyKvkyfcif urf;yg;+yKd;r_. tusKd;ta=umif;rsm;udk od&SdemvnfzdkŒ 

tvGefta&;ygovdk urf;&kd;wef; ajymif;vJjzpfay:r_t,ltqrsm;jzpfonfh yifv,fa&jrifhwufvmjcif;/ tenfxkdifjcif; ESifh 

vlom;wdkŒvkyf&yfr_jzpfpOfrsm;udkvnf; od&SdemvnfzdkŒ tvGefta&;}uD;ygonf? 

1-3?  csOf;uyfykHESifh enf;vrf;rsm;  

xdk{&d,mwGif ,ckuJhokd@ urf;&dk;wef;urf;jydKr_ avhvmjcif;onf yxrqHk;t}udrfjzpfonf? ppfawmif;jrpf0wGif urf;&dk;wef; 

urf;jydKjcif;jzpfpOfrsm;udk avhvmcJ@onfh t}udrfa&enf;cJhonf? 2017 ckESpfwGif  De Ridder onf vd_if;acgif;jzL (tidal 

bore) jyef@yGm;r_jzpfpOfudk avhvmcJ@onf? wpfcsdKŒaom avhvmaqmif&Gufr_rsm;wGif uGif;qif;avhvmwdkif;wmjcif; 

rsm;yg0ifcJ@onf? Oyrmtm;jzifh 2016 ckeSpfwGif Yamashita eSifh Aung wdkh wdkusdKwuUodkvf. axmufyHhr_jzifh 

avhvmaqmif &GufcJ@onfh ya&m*sufjzpfonf? ,ckjyKvkyfcJhonfh avhvmr_ya&m*sufwGif tqifhav;qifh yg0ifonf?  

tqifh 1?  wnf&Sdr_taetxm;tay: em;vnfjcif; (Understanding the situation – Chapter 2) 

Tu¾. t"dutcsufonf urf;&dk;wef;a&G@vsm;ajymif;vJr_ oabmobm0udk em;vnf+yD; ,ckvuf&Sd wnf&Sdaeaom 

tcsuftvufrsm;udk oHk;oyfEkdif&ef udef;*%ef;ESifhoufqkdifonfhykHpHrsm;ESifh uGif;qif;avhvmwdkif;wmjcif;rsm;udk 

tajccHum aqmif&GufoGm;rnf? xdkvkyfief;pOfrsm; wpfckeSifhwpfck=um;wGif &Sif;vif;aocsmaom qufEG,fr_rsm;&Sdonf? 

Oyrmtm;jzifh oHk;oyfavhvmrnfjzpfaom a'wmtcsuftvufrsm;onf uGefjyLwmarmf',f wnfaqmuf&mwGif 

toHk;jyK&rnfjzpfjyD; uGif;qif;avhvmwdkif;wmjcif;rsm;onfvnf; uGefjyLwmarmf',frS &&Sdvmaom tajzrsm;eSifh 

csdefqed_if;,SOf&rnf jzpfonf? xdkuJhokd@ wdkif;wmI &&Sdvmaom a'wmtcsuftvufrsm;eSifh uGefjyLwmrS &&Sdvmaom 

tajzrsm;udk twlwuGaygif;pnf;csdefq toHk;jyKjcif;onf tem*wfwGif jzpfay:edkifrnfh tajctaersm;udk cef;rSef;&mwGif 

taumif;qHk;jzpfonf?  

tqifh 2? tem*wftajctaersm;udk cef@rSef;jcif; (Predicting the future – Chapter 3) 

cefŒrSef;jcif;vkyfief;pOfrsm;udk a&wdrfydkif;ae&mrsm;eSifh 'Da&twuftus &Sdaomae&mrsm;. oGifjyif taetxm; 

ajymif;vJjcif;eSifh 4if;wdk@eSifh qufpyfaom urf;&dk;wef;wpfavsSmufajymif;vJjcif;wdk@udk tajccHum aqmif&GwfchJygonf? 

tqifh 3? jyD;ajrmufatmifaqmif&Gufedkifrnfh vkyfief;pOfrsm;  (What can be done – Chapter 4) 

TtqifhwGif urf;&dk;wef; urf;jydKjcif;tm; xdef;csKyfedkif&ef jzpfedkifaomumuG,fa&;enf;vrf;rsm;udk jcHKiHkI 

azmfjyoGm;rnfjzpfygonf? rwlnDaomenf;vrf;rsm;udk aqmif&Guf&rnfh tajccHvkyfief; tqifhqifhudk azmfjyrnfjzpfonf? 

tqifh 4? pkpnf;wifjyjcif; (Integration – Chapter 5) 

TaemufqHk;tqifhwGif pkaqmif;&&Sdxm;aom owif;tcsuftvufrsm;eSifh tjrifrsm;aygif;pnf;um jyD;jynfhpHkaom 

t}uHay;csufrsm; wifjyoGm;rnf jzpfonf? urf;&dk;wef; urf;jydKr_ jzpfpOfrsm;eSifh arsSmfrSef;xm;aom tem*wf. zHGŒjzdK;wdk; 

wwfr_rsm;udkyg twnfjyKedkifrnf jzpfonf? xdk@tjyif urf;&dk;wef;urf;jydKr_eSifh oufqdkifaom vkyfoifh§rvkyfoifh onfh 

t&mrsm;twGuf t}uHjyKcsufrsm; ay;edkifrnfjzpfonf?  

1-4? okH;oyfcsufrsm;ESifh t}uHjyKcsufrsm;   

urf;&dk;wef;urf;jydKr_rsm;twGuf r&Sdrjzpfta&;}uD;aom oHk;oyfcsufrsm;eSifh yJcl;wdkif;a'o}uD;eSifh rGefjynfe,f&Sd urf;&dk;wef; 

a'orsm;. pDrHcef@cGJr_rsm;twGuf t}uHjyKcsufrsm;rSm atmufygtwdkif; jzpfonf? 

oHk;oyfcsufrsm; - 
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1? yJcl;wdkif;a'o}uD;eSifh rGefjynfe,f&Sd urf;&dk;wef;wpfavsSmufwGif jzpfaom urf;jydKurf;pm;r_ rsm;onf 

ppfawmif;jrpf0Y jrpfa=umif;rsm;. obm0twdkif; ajymif;vJa&$@vsm;aeaomjzpfpOfay:wGif tajccHonf? 

avhvmawG@&Sd&aom jrpf.jzpfpOfajymif;vJr_ay:wGif vlwkd@. xdef;csKyfr_§ tudsK;oufa&mufr_rsm; rawG@&Sdyg? 

2? rkwœrauG@&Sd yJcl;wdkif;a'o}uD; urf;&dk;wef;wpfavsSmufwGif a&jyiftwdkif;urf;yg;rsm; aemufodk@a&G@vsm;jcif; 

jzpfpOfonf tcsdK@ae&mrsm;wGif wpfeSpfvsSif 1 uDvdkrDwm (1 &ufvsSif 5rDwm) xufydkI jzpfyGm;aeonf? jyif;xefaom 

jzpfpOfrsm;rSvGJI xdkuJhodk@ urf;jydKurf;pm;jcif;onf urf;yg;wpfavsSmuf&Sd obmtwdkif;jzpfaom ajymif;vJr_ azmfjyae 

onfh urf;rsm;aemufodk@a&G@jcif;eSifh urf;ajrrsm;vsifjrefpGm jzpfay:vmjcif;. tpdwftydkif;jzpfonf?  

3? rkwœrauG@Y jzpfaom a&pDqif;r_ykHo¾mef tjyKtrlrsm;. jyif;tm;onf urBmay:wGif xl;jcm;&Sm;yg;onf? 

Tjrpf0eSifh teD;qHk;ae&monf w&kwfEkdifiH *Gmefxef (Qiantang) jrpf0jzpfonf? 

4?  xl;jcm;onfh a&pD;a=umif;oGifjyif zGJ@pnf;yHk eSpfae&mtm; yHkwGifazmfjyxm;onf? ajrmifbufydkif;&Sd {&d,m (eHygwf 

- 1)wGif oJaomifrsm; vsifjrefpGm }uD;xGm;vmjyD; a&pD;a=umif;rsm;onf aemufokd@ wGef;ydk@cHae&yHk ay:onf? {&d,m 

(eHygwf -2)wGif a&pD;a=umif;rsm;onf ta&SŒbufeSifh taemufbuf eSpfbufvHk;tm; a&G@vsm;pD;qif;ae[ef&SdjyD; ydkrdkI 

vnf; t&Sdefrsm;onf? 

5? wdusaom tajzudk rod&ao;aomfvnf; ydkI=urf;wrf;aom tenfrsm;onf ajrmufbufodkh o,f,lydk@ 

aqmifjcif; cH&jyD; {&d,m(eHygwf - 1) tenfrsm;ydk@csonf? xdkuJhodk@ ajrmufbufodk@ o,f,lydk@aqmifcH&jcif;onf 

a&}uD;r_jzpfpOf. v$rf;rdk;r_a=umifhjzpfjyD; 'Da&v_dif;rsm; jzpfay:zGJ@pnf;r_ a=umifhvnf; jzpfonf? oJaomifjyifrsm; 

a&G@vsm;r_eSifhtwl obm0twdkif; jrpfauG@rsm;jzpfay:vmr_onf jrpfa=umif;rsm; ajymif;vJa&G@vsm;jcif;udk jzpfapjyD; 

xdkrSwpfqifh urf;&dk;wef;wpfavsSmufwdkufpm;r_rsm; jzpf&onf? 

6? {&d,m 2 wGif/ a&pD;vkdkif;onfcef@rSef;&ygu atmufcHajrv$monfa&pD;a=umif;udkcHEdkifonfhtv$m  (&$ŒH odk@r[kwf 

ausmufv$m) jzpfaoma=umifh ydkrdkeufvmEdkifawmhrnfr[kwfyg? Ttcsufu jrpf0.a&jyifnDpD;a=umif; t&SdeftvGefjrifh 

aea=umif;udk &Sif;vif;apygonf?  (wpfESpfv#if uDvdkrDwmrsm;cef@) euf&SdKif;aoma&pD;a=umif;rsm;xufpmv#if ydkrdk 

odyfonf;q enf;aomajrrsm; wdkufpm;&+yD; a&wdrfaom a&pD;a=umif;rsm;jzpfay:aponf? xdk@a=umifha&pD;a=umif;onf 

ydkrdkus,f jyefvmEdkifygonf? (“bank pull”) 

7? urf;&dk;wef; wpfavsSmuf&Sd jrpfa=umif; ajymif;vJpD;qif;r_ OD;wnfcsufonf urf;jydKurf;pm; jzpfrnfhae&mudk 

qHk;jzwfay;onf? jrpfvrf;ajumif; taemufbufodkh ajymif;a&G@oGm;ygu yJcl;wdkfif;urf;&dk;wef;wpfavsSmuf urf;jydK 

urf;pm;r_jzpfjyD; ta&SŒbufodk@ ajymif;a&G@oGm;ygu rGefjynfe,f urf;&dk;wef;wpfavsSmufwGif urf;jydKr_jzpfonf? 

8? jrpf0. ajrmufbuftjcrf; ({&d,m - 1)wGif jrpfa=umif;ajymif;vJa&G@vsm;r_ESifh urf;&dk;wef;wpfavsSmuf 

urf;+ydKjcif;jzpfpOfonf eSpf 30 cef@renf; =umjrifhaejyD; jzpfonf? 

9? jrpf0. awmifbuftjcrf; ({&d,m- 2a  eSifh 2b) wdk@wGifvnf; jrpfa=umif;ajymif;a&G@jcif;eSifh urf;&dk;wef; 

wpfavsSmuf urf;jydKjcif; jzpfpOfonf 10 eSpfrS 15 eSpftwGif; ajymif;vJr_ r&Sdao;yg? Jrpfa=umif;rsm;OD;wnfcsuf 

vrf;a=umif;ajymif;vJr_onfvnf; aemifwpfcsdefwGif xyfwvJvJ jyefjzpfaeOD;rnfjzpfonf? okd@aomfwdusaom 

tcsdefumveSifh t}udrfta&twGufudk owfrSwfI r&edkifyg?  

}uKdwifcef@rSef;csufrsm; - 

10? obm0w&m;tm; }uKdwifcef@rSef;jcif;onf uef@owfcsufrsm;&SdjyD; xdkodk@jzpf&jcif;onf tjrJormorwfxJ 

r&Sdaom oabmw&m;a=umifh jzpfonf? zGJ@pnf;yHk pepfwpfckonf ydkI&_yfaxG;vmavav ydkIcef@rSef;&cufvmavav 

jzpfonf? rdk;av0ocef@rSef;jcif;eSifhvnf; oabmw&m;wlonf? Oyrmtm;jzifh wpf{u&Sdaom ae&mav;udkyif aemif 

vmrnfh 2 eSpfwGif rdk;&GmoGef;edkifjcif; &Sdr&Sdudk rnfolrS rcef@rSef;edkifyg? xdktrSefw&m;onf rkwœrauGŒ. urf;&dk;wef;wpf 
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avsSmuf urf;jyddKurf;pm;jcif;udk cef@rSef;&mwGifvnf; twlwlyifjzpfonf? aemifvmrnfh ig;eSpftwGif; urf;jydKurf;pm; 

jzpfedkifacs&Sdaom ae&mrsm;udk cef@rSef;&mwGiff taumif;qHk;enf;vrf;rSm &edkiforsStcsuftvufzGJ@pnf;yHk tajctaersm; 

tay:tajccHI wGufcsufjcif;jzpfonf? xdkodk@wGufcsuf&wGif uGefjyLwmarmf',frsm;eSifh tcsuftvufrsm; cGJjcrf;pdwfjzmI 

em;vnfoabmaygufvmr_rsm;ay:wGif tajccHum aqmif&Guf&rnf? &moDOwkajymif;vJr_. tusdK;oufa&mufr_rsm; 

yg0ifaom a&&Snfajymif;vJr_rsm;udkyg xnfhoGif;azmfjyoifhonf? 

11? ajrmifbufydkif;&Sd {&d,m- 1 wGif taemufbufurf;yg;jydKr_onf aemufig;eSpfwGif qufvufjzpfyGm;rnf cef@rSef; 

&jyD; urf;&dk;wef;onf aemufodk@ rDwm 500 cef@avmuf a&G@vsm;oGm;edkifonf? xdkuJ@okd@ urf;jydKurf;pm;r_onf urf;&dk; 

wef;wpfavsSmufvHk;wGif jzpfyGm;onf r[kwfaomfvnf; wdusaom jrpfa=umif;ajymif;a&G@rnfh ae&mtm; axmufjyzdk@&ef 

cufcJonf? xdcdkufedkifaomae&mrsm;onf ajredrfhydkif;jzpfjyD; pdkufysdK;ajrrSvGJI taqmufttHkrsm; &Sdedkifacs enf;yg;onf?  

12? jrpf0 (2a). awmifbufydkif;wGif 2017 rSpIjzpfay:vmaomtajctaersm;onf 'Da&pD;a=umif;onf 

jrpf0.tvnfwGif ydkIae&m,l ae&mrScsufcsif;yifa&pD;a=umif;udk taemufbufurf; yg;bufudka&$Œajymif;vdkufonf 

udkazmfjyygonf? ,ckrSpIaemuf 2 ESpftwGif; taemufbufurf; ajc.ajrwdkufpm;r_rsm;&yfwef@oGm;rnf[kcef@rSef;&+yD; 

{&d,m 2a .ajrmufbufrSprnfjzpfonf? ,ckvuf&Sdurf;ajcvdkif;ae&m (Edk0ifbm 2018)ESifhpyfqufI cefŒrSef;&aom 

qufvufwdkufpm;r_eSKef;rSm aemufvmrnfhig;ESpftwGuf T{&d,m.ajrmufbuf 0 rS 250 rDwm txdjzpf+yD;awmif 

bufodk@ a&GŒvsm;vmavav wpfjznf;jznf;wdk;vmavavjzpfum wdkufpm;e _ef;rSm 1uDvdkrDwmxufausmfEdkifygao; 

onf? 

13? taemufbufurf;&dk;wef;. ajrmufbufykdif; ({&d,m - 2a)wGif ajr}uD;rsm; vsifjrefpGm aemufeSpftenf;i,f 

twGif;wGif jzpfvmedkifac&Sda=umif; cef@rSef;&onf?  

14? jrpf0. ta&S@bufjzpfaom rGefjynfe,fbuf tjcrf;wGif 'Da&twwftus&Sdaom ajrrsm;onf jrpfa=umif; 

ta&S@bufokd@ a&G@vsm;pD;qif;jcif;eSifhtwl wdkufpm;cH&Ekdifa=umif; cef@rSef;&onf? 

15? awmifbufydkif;tvGef ({&d,m  - 2b) wGif yifra&pD;a=umif; onf wdk;wufajymif;vJr_r&SdbJ taemufbuf 

urf;wGif&Sdaom urf;jydKurf;pm;r_rsm;onf qufvufjzpfyGm;edkifacs&Sdonf? xdkuJ@odkhaom urf;jydKr_onf ,ckuJ@odk@ 

t&Sdefrsm;rsm;jzifh qufvufjzpfyGm;EkdifjyD; wpfeSpfvsSif 1 uDvdkrDwm ausmfcef@ wdkufpm;cH&Ekdifonf?  

16? aemifeSpfaygif; 20 rS 50 twGif;wGif jrpfa=umif;rsm; ajymif;vJr_a=umifh ,ckxuf ydkI}uD;rm;aom {&d,monf 

urf;jydKurf;pm;'%fudk cHpm;&edkifonf? qdkvdk&if;rSm xdkeSpftydkif;tjcm;wGif urf;&dk;wef;vGifjyif wpfckvHk; urf;jydKurf;pm; 

r_udk cH&edkifonf? 

17? yifv,fa&jyifjrifhwufr_tusdK;oufa&mufr_onf ppfawmif;jrpf0ESifh urf;ajcvdkif;twGuf tusdK;oufa&mufr_ 

odyfr&Sdyg? TpepfxJwGif ekef;tenfrsm;tajrmuftrsm;&Sdjcif;u urf;&dk;wef;vGifjyifrsm; ay:aygufap+yD; jrpf0wGif tenf; 

qHk; wpfESpfv#if 44rDvDrDwm (,ae@acwfyifv,fa&jyifjrifhwufESKef;. 2q) cef@jrifhwufapygonf? xdk@a=umifhajymif; 

vJvGef;vSaomjrpf0 ESihf urf;ajcvdkif;twGuf tjrefjrifhwuf yifv,fa&rsufESmjyif. tusdK;qufa=umifh tusdK;ouf 

a&mufr_r&Sdyg?  jrpftxufbufydkif;wGif 4if;tusKd;oufa&mufr_cHpm;&Edkif+yD;/ yifv,fa&rsufESmjyifjrifhwufjcif;a=umifh 

jrpfa=umif;ajymif;vJjcif;rsm; ydkrdkjzpfay:apEdkifygonf?  

  

18? &moDOwkajymif;vJjcif;a=umifh rdk;&moDwGif jrpfa&pD;qif;r_ ydkrdkjrifhwufapygonf? a&}uD;r_trsm;pkrSm urf;&dk;wrf; 

vGifjyifrsm;eSifh oufqdkifrnfjzpfaomfvnf; a&pD;qif;r_ jrifhwufjcif;a=umifh jrpf0tay:ydkfif; wGifaemufxyf a&a=umif; 

ajymif;vJr_rsm; jzpfapEdkifygonf? Ttcsufonf jrpfcg;ywfwpfckvHk;udk taemufbufodk@yif ajymif;vJypfEdkif+yD; obm0rsdK; 

pdwfwpfckvHk;tay: oufa&mufapEdkifygonf? qifhuJjzpfpOfrsm;udk apmifh=uyf=unfh&_jcif;u Tus,fjyef@aom ajymif;vJ 

jcif;rsm;udk em;vnfEdkifap&eftwGuf ta&;}uD;ygonf? 
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Figure 1.3 Overview of the main features of the Bago and Mon coasts along the Sittaung estuary.  
 

19?     &moDOwkajymif;vJr_a=umifh jrpfwGif;ajrjyef@wGif obm0aygufyifrsm;udkoufa&mufap+yD; 4if;a=umifhppfawmif; 

jrpf. ekef;ajr0efudkoufa&mufEdkifygonf? ,if;oufa&mufr_onf rnfodk@jzpfonfqdkonfrSm avhvm&efcufcJygonf? 

tb,fha=umifhqdkaomf 4if;rSmEkef;ajr0efwpfckwnf;tay: qufEG,faejcif;r[kwfyJ jrpf=urf;jyifaA'ajymif;vJjcif;ESifh jrpf 

acsmif;tif;tdkifa'owdk@tay:wGifyg rlwnfaejcif;jzpfonf? xdkenf;wlpGmyif ajrtoHk;csr_ (awmjyKef;jcif;)a=umifhESifh a& 

tm;v#yfppfwmrHrsm;wnfaqmufjcif;a=umifh oufa&mufr_rsm;udk avhvm&efcufcJygonf? odk@aomf Tonfwdk@a=umifh 

awmh a&wdkcef@rSef;xm;csufudk ajymif;vJaprnfr[kwfyg? 

 

umuG,fr_enf;vrf;rsm;eSifh interventions 
20? urf;&dk;wef; wpfavsSmuf&Sd urf;jydKurf;pm;jzpfpOfudk umuG,faom§avsmhcsaom enf;vrf;rsm;onf jrpf 

a=umif;rsm; ajymif;a&G@jcif;udkyg udk,fwG,fedkif&rnf? umuG,fa&; enf;vrf;rsm;xJwGif tcdkiftrm wnfaqmifjcif; 
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(ausmufcJ§ uGef*&pfrsm;eSifh jrpf.urf;yg; ay:wGif wnfaqmufjcif;) odk@r[kwf tcdkiftrmwnfaqmufjcif; 

r[kwfaom enf;vrf;rsm;jzifh umuG,fjcif; (oJ§ &H$Œajrrsm; oHk;jcif;) wdk@yg0ifonf? 

 

21? urf;yg;ESif;a&pD;a=umif;urf;apmufumuG,fjcif;onf cufcJaomenf;vrf;rSm a&jyifnDausmufodyftum 

tuG,fyHkpH,laqmifjcif; (falling apron [ktodrsm;=uaom)jzpfEdkifygonf? TvkyfaqmifcsufrSmum uG,fr_vdk 

tyfaomurf;ygwav#mufvHk;twGufvdktyfygonf? a&pD;E_ef;onf jrifhaoma=umifh (wpfpuUef@v#if 3rDwmtxuf) 

tawmftoifh}uD;rm;aom ausmufwHk;rsm;vdktyfygonf? a'owGif;&Edkifaom ukef=urf;rsm;jzifh tuGmta0; 

tenf;i,fom umuG,fjcif;onf tusdK;oufa&mufr_r&SdyJ tcsdefukef vlyifyef;om jzpfapygonf? 

 

22? taemufbuf'Da&a&pD;a=umif;udk a&G;ajymif;&efoufomaomenf;rSm a&pD;a=umif;taemufbuf0if ayguf (2a) 

wGifjrifEdkifonf) tm; Oyrm wl;xm;aom aomifeSKef;rsm;jzifh  tjynfhydwfjcif;jzpfonf? Tenf;vrf;onf cef@rSef;tm;jzifh 

oJ ESifh &$HŒ ukArDwm 25 oef;cef@vdktyfrnfjzpf+yD; 4if;onf vkyfaqmif&efrjzpfEdkifyg? (tvGefwdrf/ tvGefjrefaom a&pD; 

eSKef;/ ukef;ay:taqmuftOD;aqmuf&ef vrf;r&Sdjcif;)? tu,fIqkdv#if Ta&pD;a=umif;ydwfqdkŒr_a=umifh 4if;.vkyf&ufjzifh 

tusdK;oufa&muf r_wdk;apygonf[k udef;*%ef;prf;oyfjcif;u azmfjyxm;ygonf? 

 

23? urf;ajcvdkif;trsm;tjym;udkwkdkufpm;r_ jzpfapaom a&wufa&usa&pD;a=umif;.vkyf&yfrSm obm0 tav#muf 

jzpfay:vmaom teD;tem;&Sd 'Da&ajrjyef@rsm;. wdkuf&kduftm;jznfhay;jcif; (jzpfay:&ef cufcJaomfvnf;) a=umifhaomf 

vnf;aumif; ekef;ajrrsm;zrf;,lay;aompdrfhawmrsm;}uD;xGm;vmapjcif;jzifhvnf;aumif; tm;jznfhaxmufyHhay;ygonf? 

 

24? awG;awmpOf;pm;xm;aom vkyfief;rsm; enf;pOfrsm;tm;vHk; toHk;jyKvdkuf&aom bwf*swft wGufxdkufwef 

aom tusdK;oufa&mufr_r&Sdyg? qdkvdk&if;rSm tpdk;&onf umuG,fvdkaom pD;yGm;a&;u ¾xufydkrdkaom&if;ESD;r_udk 

toHk;jyK&rnfjzpfonf? xdk@a=umifh pD;yGm;a&;&SKaxmifht& urf;&dk;wrf;vdkif;udk umuG,fa&;onf t"dy`m,fr&Sdyg? 

 

25? ajrtm;vdkufavsmnDaxGpGm toHk;csjcif;/ pDrHcef@cGJxm;aom urf;&d k;wef;qkwfcGmr_ESifh wdk;csJŒr_onf ,ckaus; 

vwfzGHŒ+zdK;wdk;wufr_twGuf tqifajyapEdkifaom tjcm;a&G;cs, fr_jzpfEdkifygonf? Tonfudk a&G;vsm;Edkifaom 

tajccHtaqmuftOD;rsm; (vrf;rsm;/ aus;vwfpD;yGm;a&;rsm;tygt0if)eSihf wGJzufaxmufyHhr_rsm; (tdrf&m/ ausmif;/ 

a&wdkifuDrsm; tp&Sdonfjzifh) wdkŒjzifhtqifajyatmif aqmif&GufEdkifygonf? 

 
t}uHjyKcsufrsm; 

26? urf;&dk;wef;wpfavsSmuf&Sd zGH@jzdK;wdk;wwfr_rsm; 'Da&twuftus &Sdaom jrpfa=umif; tajctaeeSifh ta&;ygaom 

tcsuftvufrsm;tm; apmifh=unfhjcif;onf yJcl;wdkif;a'o}uD;eSifh rGefjynfe,f wdk@twGuf vdktyfaom oifhwifhrsSwpGm 

jyKjyifaexdkifa&; enf;AsL[m ay:aygufvma&;twGuf ta&;}uD;onf? vufawG@uGif;qif;=unfh&_jcif;eSifh j*dKvfwk&kyfyHkrsm; 

tm; ,SOfwGJavhvmjcif;jzifh aemufqHk;ay: owif;tcsufrsm;tm; pDrHcef@cGJr_jyKvkyfedkif&ef axmufyHhay;edkifrnf jzpfonf? 

eSpfpOf owif;tcsuftvufrsm;udk oHk;oyf&mwGif yJcl;eSifharmfvjrdKifwuUodkvfrS ynm&Sifrsm; yl;aygif;yg0ifoifhonf? 

27? owdjyK&ef/ awG&Sd&aom ESpfpOfajymif;vJr_rsm;udk vlr_tzGJ@tpnf;rsm;jzihf wdkifyifaqG;aEG;yg? tcsdefESifhtnD 

topfjzpfaom owif;tcsuftvufrsm;onf 4if;wdk@udk,fwdkif qHk;jzwfcsufrsm;twGuf taxmuftulay;ygrnf?  

28? ppfawmif;jrpf0eSifh 4if;. urf;&dk;wef;wpfavsSmuf&Sd jyif;xefaom a&G@vsm;r_ tajctaeeSifh oifhwifhrsSwatmif 

aexdkifedkif&ef vdktyfonfrsm;udk vufcHjyifqif&rnfjzpfonf? tvG,fwul a&G@ajymif;vdk@&aom tdrfrsm; taqmuf 

ttHkrsm; aqmufvkyfjcif;tm;jzifh oifhwifhrsSwatmif aexdkifedkifjcif;pGrf;udk jrSifhwif&rnf? tajccHtaqmuftOD;rsm;udk 

wdk;wufvmatmif aqmif&Guf&efvnf; vdktyfonf? Oyrmtm;jzifh a'o. pD;yGm;a&;zHG@jzdK;&efeSifh vrf;yef;qufoG,fa&; 

ydkrdkaumif;rGefvmap&ef vrf;rsm;udk wdk;csJ@oifhonf? ajymif;a&G@&ef vdktyfaom v,form;rsm;twGufvnf; b¾maiG 

tvHktavmuf &Sdap&ef pOf;pm;aqmif&Guf&ef vdktyfonf? 
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1 INTRODUCTION 

 

1.1 Background of the study  

The Gulf of Mottama, located in the southwest of Myanmar and bordering the Andaman Sea, is unique in 

many ways. Its extensive intertidal mudflats are home to many shorebirds, fishes and other flora and fauna. 

Its mouth is around 100 km wide and narrows into a funnel-shaped bay towards Sittaung River in the north 

(Figure 1.1). The area is known for its powerful tidal bore phenomenon where the incoming tide forms a 

wave that can reach heights of over a meter in the upper estuary.  

On the rhythm of each tide, the highly turbid zone moves north and south over more than 100 km building up 

the largest mudflats in the world. 

The surrounding land is generally 

flat, rural (rice), largely under-

developed and low-lying (flooded 

along the shores at highest water).  

Bago Region and Mon state flank 

the Sittaung estuary and the Gulf of 

Mottama. The dynamics of the tidal 

channels in the Sittaung estuary 

result in severe coastline 

regression, at immense rates and 

over large distances. Erosion in the 

Bago Region has forced entire 

villages to retreat and to abandon 

the area. Livelihood patterns of 

farmers and fishers are adversely 

affected. Changes in erosion and 

sedimentation patterns are frequent 

with anecdotal evidence reporting 

the erosion cycle repeats each 10 

to 15 years. 

The major effected areas in the 

Bago region are near the Sittaung 

river bank villages from two 

townships, Kawa and Thanatpin 

township.  

At present over 7,000 villagers 

living in these villages are under 

direct threat of being washed away, 

or have done so in the past 

months. The Regional Government 

of Bago region has therefor been 

seeking assistance from the Gulf of 

Mottama project
1
 how to deal with 

this erosion.  

 

                                                     

1
 In 2015, the Gulf of Mottama Project (GoMP) was initiated in 2015. This long-term initiative is a project of the Swiss 

Agency for Development and Cooperation (SDC), implemented by a consortium led by HELVETAS Swiss 
Intercooperation (HELVETAS) and comprising of the International Union for Conservation of Nature (IUCN), the Network 
Activities Group (NAG) and as associate partner the Biodiversity and Nature Conservation Association (BANCA). 

Figure 1.1 Sittaung estuary with names of the villages in Bago and Mon states. 



 

Our reference: C03141.000064R1r1  - Date: 31 December 2018 

  

 

DEALING WITH COASTAL EROSION IN THE GULF OF 

MOTTAMA 

15 of 51 

Both for improving livelihood as well as for nature conservation purposes, it is important to predict the 

morphological changes in the estuary also taking into account climate change induced sea-level rise. Based 

on a prediction on maximum shoreline retreat, for example, safe zones can be specified which will help with 

identifying specific safe resettlement areas. 

On behalf of the GoMP, Helvetas has contracted Arcadis to carry out such coastal erosion study. The 

findings from this study are presented in this report, which has been prepared by Mr. R.C. Steijn (project 

leader), dr. J. Cleveringa, Mr. J. van der Baan (Arcadis-Netherlands) and Tanya Huizer (Arcadis-Myanmar). 

Support has been provided by Alexander de Ruijter, Floris Verbeek (Arcadis-Myanmar), and Jasper Leuven 

(University Utrecht). Scientific review of the work has been done by prof. dr. M. Kleinhans (Utrecht 

University) and prof. dr. Z.B. Wang (Deltares). 

 

Figure 1.2 Two pictures (Courtesy Helvetas) of the same school. The picture at the left taken on 07.11.2017; the picture 
on the right was taken only one month later on 12.12.2017. 

 

1.2 Objectives of the study 

The objectives of this study are: 

1. To assess potential measures to combat erosion in the Gulf of Mottama in a comprehensive manner 

and discuss these with project and local governance units. 

2. After the consultations, develop strategies to adapt to, adjust, control or combat the erosion in Bago 

Region & Mon State and make rough cost estimates for the potential solutions, including the “living with 

nature” concept.  

3. Estimate the retreating shoreline for different times in the future for both Bago Region and Mon State, 

behind which it is “safe” for the coming years to make major infrastructural investments for the 

Government like schools, roads, drinking water and other services to be provided by the government. 

4. To cooperate with the Universities of Mawlamyine & Bago, to build the expertise on Coastal 

Morphology in Myanmar. 

 

Before any type of coastal protection measure can be considered it is important to understand the causes of 

the coastal erosion (diagnosis) and to understand the response of the coastal behavior to changes in sea-

level rise, subsidence and human interventions.  

 

1.3 Approach and methods 

This coastal erosion study is the first of its kind for this area. A restricted number of studies on the coastal 

processes in the Sittaung estuary have been carried out in the past, for instance on the propagation of the 

tidal bore (De Ridder, 2017). Some of the studies have included field measurements, such as those under 

guidance of Tokyo university (Yamashita & Aung, 2016). The project has been carried out in four subsequent 

steps: 
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Step 1: Understanding the situation (Chapter 2) 

The focus is on the understanding of the coastal dynamics, through the analysis of existing datasets, with the 

use of numerical modeling and by performing field measurements. There is a clear interrelation between 

these activities. The data contributed to the development of the numerical hydraulic model (tides and river 

runoff). The field measurements were used to calibrate the model. The use of the numerical model in 

combination with the measurements, gives the opportunity to investigate future human interventions.  

Step 2: Predicting the future (Chapter 3) 

A prediction is made of the morphological changes in the shallow areas and tidal channels and – related to 

them – changes in shoreline position.  

Step 3: What can be done (Chapter 4) 

In this step an overview of the potential measures is given to deal with or to combat the coastal erosion. 

General working principles of different types of measures and interventions will be described including how 

that relates to our understanding of the coastal system (the diagnostic model). 

Step 4: Integration (Chapter 5)  

In this last step all collected information and insights are combined in a comprehensive advice. It addresses 

the mechanisms of coastal erosion and the expected future developments (forecast) and gives 

recommendations on do‟s and don‟ts on how to deal with the coastal erosion. 

This is a concise report: most of the data and analysis are described in more detail in the Appendices.  

 

1.4 Conclusions & recommendations 

The essential conclusions on the coastal erosion and the recommendations for the management of the Bago 

Region and Mon State shorelines (as shown in Figure 1.3) are:  

Diagnosis 

1. The coastal erosion of the shorelines of Bago Region and Mon State result from the natural migratory 

dynamics of the flow channels of the Sittaung estuary. There is no human forcing behind it nor any 

human control on the observed dynamics; 

2. The horizontal shoreline retreat along the Bago coast in the Gulf of Mottama has been more than 5 

m/day or 1 km/year at some locations. Although extreme, this kind of erosion is part of natural shoreline 

dynamics showing periods of very rapid land growth as well as land retreat.  

3. The intensity of the hydro-morphodynamic behavior of the Gulf of Mottama is unique in the world. The 

estuary that comes closest is the Qiantang estuary in PR China (see separate Textbox in Section 2.7); 

4. Two areas with different morphological behavior can be distinguished (Figure 1.3). In the northern area 

#1 sand bars grow fast and seem to push the flow channels westwards; in area #2 the flow channels 

tend to migrate in both directions (eastwards and westwards) and at much faster rates.  

5. Although not entirely clear, it seems that coarser sediment (fine sand) is being transported northwards 

and deposited in area #1 as sand bars (“Bedload Convergence Zone”). The explanation for this 

northward transport is the extreme flood dominance which can also be recognized from the occurrence 

of the tidal bore. The (moving) sand bars in combination with the nature of flow channels to meander, 

lead to migrating channels (sometimes called “bar push”) that erodes the shoreline.  

6. In area #2 on the other hand, it seems as if the flow channels can‟t get much deeper probably because 

of the presence of any kind of flow-resistant layer in the subsoil (clay or rock). This may explain why the 

speed of the horizontal channel movement in this part of the estuary, is so extreme (km‟s per year): less 

unconfined land needs to be removed with shallower channels compared to deeper channels. The 

cross-sectional areas of the flow channels further are systematically “too small” (i.e. compared to similar 

type of channels in other estuaries), resulting in high flow velocities (further increased by the tidal 

asymmetry). As a consequence, the channels can go wide-out (“bank pull”);     

7. The direction of the migration of the channel along the shoreline determines the location of the erosion: 

migration to the west results in erosion of the Bago shoreline and migration to the east results in 

erosion of the Mon shoreline;  

8. In the northern part of the estuary (area #1 in Figure 1.3) the migration of the channel and the erosion 

of the shoreline has prolonged over a period of at least 30 years; 
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9. The direction of the migration and the erosion does change in periods of 10 to 15 years in the southern 

part of the estuary (area #2a and #2b in Figure 1.3). The change in direction seems to be repetitive, but 

the frequency does not allow to identify a clear cycle with a fixed duration. 

 

        
Figure 1.3 Overview of the main features of the Bago and Mon coasts along the Sittaung estuary (situation April 2018).  

 

Prediction 

 

10. There is a limit to nature‟s predictability and that is because of so-called non-linear system interactions. 

The more complex a system, the less predictable it is on a longer time horizon and on a smaller spatial 

scale. In weather predictions this is widely accepted: nobody can predict the precipitation for example 

on one specific acre in exactly two years from now. The same is true for the prediction of the shoreline 

erosion in the Gulf of Mottama on a local scale (village) and on the longer term (years). The best 

possible is to predict zones of possible erosion for the next five years based on extrapolation of data 

and systems understanding from the data analyses and computer modelling. A prediction for the 

coming decades, as requested in the ToR for this study, is not deemed possible for the shoreline 
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positions in the Gulf of Mottama. The impact of long-term changes, including climate change impacts, 

can only be described in terms of scenarios: possible changes in the erratic natural dynamics.    

11. In the northern area (#1), the erosion of the western shore is expected to continue for at least the next 

five years, leading to a coastal retreat of up to 500 m. This erosion is not likely to occur along the entire 

shoreline, but the exact location of channel migration shifts and is hard to pinpoint. The affected areas 

are relatively low-lying with hardly any infrastructure except farmland (rice fields). 

12. Recent developments (since 2017) in the southern part of the estuary (#2a) show the development of a 

tidal channel more located in the center of the estuary, that rapidly takes over the role of the migrating 

channel along the western shore. Within two years (starting now), the erosion on the western shore is 

expected to stop, starting in the north of area 2a. The amount of expected ongoing erosion relative to 

the shoreline‟s current position (November 2018) is 0 to 250m in the northern part of this area for the 

coming 5 years and gradually increase when moving to the south, where erosion may still exceed 1 km; 

13. In the northern part of the western shoreline (area #2a), rapid land growth is expected which may result 

in new land that after some years may be used again.  

14. On the eastside (Mon side) of the estuary, the current tidal flats are expected to be eroded fast with the 

expected further eastward migration of the (new) central channel towards the east;  

15. Further to the south (area #2b) there is no development of a single central channel and the erosion of 

the western shore is expected to continue. The erosion in this part of the estuary may continue for the 

next few years at the current extreme rates of over 1 km/year; 

16. Over prolonged periods (many decades to centuries) a much larger area is prone to erosion by the 

migration of the channels. Given the extreme rates of change (m/day), the evidence in the landscape 

for large-scale dynamics (remnants of ancient meanders at large distances from the shoreline) and the 

lack of natural obstacles to delimit erosion in the largely flat and low-lying coastal plain, it is not 

impossible that the entire coastal plain may be subject to erosion at this time scale. The upstream river 

dynamics have a large influence on the shoreline locations in the estuary and on the Gulf of Mottoma. 

Models cannot be applied for forecasts. Academic models may be used to better understand the 

dynamics and their extent, but such models are not predictive tools. 

17. The effects of accelerated sea-level rise will be limited for the Sittaung estuary and its shorelines. There 

is an abundance of sediment available in the system that allows for buildup of the coastal plain and 

estuary at rates up to at least 40 mm/year (twenty times more relative sea level rise than today). The 

already extremely dynamic nature of the estuary and its shorelines will not change due to the effect of 

accelerated sea-level rise. There may be an effect of sea-level rise more upstream in the river domain, 

where accelerated sea-level rise may result in more avulsions of the river.   

18. Climate change may result in an even more peaked river discharge during the rainy season. Although 

much of the flood waters will be accommodated in the coastal plain, the increase in peak discharge 

may result in additional channel migration in the upstream regions of the estuary. This could even lead 

to shift of the entire river belt more to the west that would affect a large inhabited area. Monitoring of the 

developments is therefore important to be able to recognize any such system-wide changes.  

19. Climate change may result in changes in the vegetation of the hinterland that may affect the sediment 

load of the Sittaung river. How such a change would affect the Sittaung estuary is difficult to assess, 

because this does not only depend on the sediment load, but also on the morphodynamics of the river 

and the fluvial plain. Similarly, it is difficult to assess the impact of changes in land use (deforestation) 

and the construction of hydropower dams. It is not likely, however, that this will change the predictions 

on the short term.   
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Figure 1.4 View of the western shoreline of the Gulf of Mottama (29 September 2018; near An Lan Pya). The steep, 
nearly vertical bank and the slumped blocks are evidence of the main erosional mechanism of the bank (slope collapse) 
that results from the ongoing landward migration of the tidal channel.  

 

Measures and interventions 

20. Measures and interventions to effectively stop or reduce the erosion of the shoreline must tackle the 

migration of the channels. This may be achieved with „hard‟ measures on the channel slope and bank, 

with „hard‟ referring to rock, concrete or other solid materials. Alternatively, „soft‟ solutions, meaning 

interventions with sand or mud, may be considered;  

21. „Hard‟ protective measures that protect the full channel slope and bank, can take the form of a 

horizontal rock riprap apron (generally known as a „falling apron‟). Such measures need to stretch over 

the entire length of shoreline that need protection. Given the extreme flow velocities (>3 m/s), and 

necessity to also consider high wave attack in the design (cyclone), this require considerable rock 

dimensions (more than 500 kg). If concrete is being used instead, then the structure will probably have 

to be built on (concrete) piles because of the expected low carrying capacity of the substrate. Moreover, 

it is very unlikely that such engineered solutions can actually be constructed as the sites cannot be 

accessed with the required heavy equipment (requiring road construction over tens of km‟s first and/or 

the excavation of the channels including landing facilities for floating equipment. Assuming that all 

challenges can be overcome, the costs for effective hard protective measures are estimated to range 

from 25.000 to 100.000 USD per meter alongshore. The costs for construction over a distance of at 

least 3 km are then 75 to 300 million USD. Cheaper solutions with locally available material that can be 

placed without heavy equipment (grouted rock with rock sizes up to 50 kg), over short distances (less 

than one km) are not effective to stop this type of  channel migration;   

22. A „soft‟ intervention to reduce the migration of the tidal channel along the west coast is the full blocking 

of the southern entrance to the channel (visible in area #2a) with for example dredged sediments. Such 

an intervention will require the dredging and dumping of approximately 25 million cubic meters of sand 

and mud which is virtually not doable (too shallow, too high flow velocities, no road infrastructure for 

land-based building). Despite this, such a channel entrance blockade would reduce the flow through the 

channel and enhance its demise, as indicated by the numerical model simulations;  

23. The demise of the tidal channel that has caused so much shoreline erosion, may also be enhanced by 

accelerating the natural developments of the nearby tidal flats, either by direct nourishment (though 

difficult to execute) or by stimulating the growth of marsh plants that naturally captures sediments; 

24. None of the considered measures and intervention is considered positive from an economic cost-

benefits perspective. This is because the required investments would be significantly more than the 

value of the protected economic assets. From a purely economic perspective therefore, protection of 
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the shorelines does not make sense; it would be cheaper to financially compensate local inhabitants 

who loose their lands and assets;   

25. Adaptive use of the land i.e. managed coastal retreat and managed coastal expanse, may be a viable 

alternative for this rural environment. This may be facilitated by the use of mobile infrastructure 

(including roads to support local economy) and accommodations (housing, schools, water tanks, etc,). 

Internet searches for water tanks indicate a price range from hundred to several hundred USD for water 

tanks for variable size. Flexible adaptations for houses and other buildings will range up to several 

hundred USD when locally available building materials can be applied. Flexible construction for 

housing, hospitals and schools van easily reach up to several thousand USD, depending on type and 

size. The price for the construction of flexible roads ranges up to ten of thousands of USD per 

kilometer, depending on the building materials. 

 

Recommendations 

26. Monitoring of the actual development of the shorelines, tidal channel and critical points is an important 

aspect of any (adaptive) strategy for Bago Region and Mon State, given the rapid and (on the longer 

term) unpredictable changes that occur in the estuary. Interpretation of the publicly available satellite 

images (guidance is included in Annex G), in combination with observations in the field, will provide up-

to-date information that allows adequate management decisions. A yearly analysis by two designated 

specialists from Bago and Mawlamyine Universities is suggested. OneMap Myanmar, an SDC 

sponsored initiative, could provide training to both universities; 

27. Be Aware: Explain and communicate the observed yearly changes with the people from the 

communities. Up to date information will help them in making their personal choices.  

28. Be adaptive: Accept the need to adapt to the extreme dynamics of the Sittaung estuary and its 

shorelines. Increase the adaptive capacity through investment in mobile/transportable housing and 

infrastructure. Improve the infrastructure, specifically the roads, to support local economy and to 

facilitate transport of goods in times of coastal retreat and community resettlement. It may also be 

considered to develop a system of financial „solidarity compensation‟ for farmers who are forced to 

relocate.   

29. Adaptation to the extreme dynamics of the shoreline does require a thorough legal and financial 

framework, especially when regarding resettling and „solidarity compensation‟. Governance at national, 

regional and local level will have to allow for the societal dynamics associated with adaptation 

strategies.    
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2 DIAGNOSIS: THE NATURE OF THE SHORELINE 
DYNAMICS 

 

2.1 Introduction 

Basic data on the morphology and the hydrodynamics of the Sittaung estuary were collected from various 

sources. The basic data encompassed:  

• Maps, heights;  

• Geological data; 

• Drainage basin river Sittaung and river discharge; 

• Tides of nearby tidal stations; and  

• Morphology from satellite imagery. 

For a full description of the collected data and their physical interpretation, reference is made to Appendix A. 

In this Chapter, only the most relevant aspects of the data analysis have been reproduced. 

In addition to the basic physical data the local knowledge of the users of the estuary (fishermen) and 

inhabitants (mostly farmers) was obtained via a questionnaire (Appendix F). During the data analyses, the 

newly developed numerical model of the area was used to verify specific assumptions on the system‟s 

behavior (Appendix C). Two additional field measurements were carried out to obtain missing data 

(Appendix B).    

2.2 Setting of the Sittaung estuary and its shorelines 

Figure 1-1 gives and overview of the study area. The Sittaung estuary and the Gulf of Mottama have an 

eastern boundary that consists of hills. The geological constraints on the eastern side are very clear in the 

east-west cross-section in Figure 2.1. The middle part of this cross section is almost horizontal; this is the 

coastal plain. The western boundary of the Sittaung estuary is formed by the water divide between Bago 

river and Sittaung river, as is indicated by the red arrow. This boundary between the two river basins is 

marked by a small topographic high.  

 

Figure 2.1 West-east cross-section of the river belt of the Bago and Sittaung rivers and its coastal plain.  

 

The coastal plain has been formed by depositional processes in the past (i.e. centuries to possibly 

thousands of years ago). The sediments that have been deposited originated from the river(s) and from the 

seaside, where abundant volumes of sediments are being discharged by the nearby Ayeyarwady and 

Salween Rivers.  
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It is likely that the subsurface of the estuary and the gulf have been subsiding, and maybe still are, as a 

result of its geological setting. The subsidence of the coastal plain has allowed repeated flooding and 

deposition, that has led to the current almost horizontal topography in the coastal plain. 

2.3 Hydrodynamics 

Drainage basin and river run-off  

The Sittaung River drainage basin is fed entirely by precipitation (rain) as the drainage basin does not cover 

high mountain ranges with snow and ice cover. The precipitation in the drainage basin is governed by the 

monsoon, with the wet season period from June to October. The most intense rain occurs from June to 

August; from November to May there is hardly any precipitation. The dry and wet season are clearly reflected 

in the run-off of the Sittaung river, with roughly 400 m
3
/s in the dry season versus 4,000 m

3
/s in the wet 

season. The average river discharge is about 1,500 m
3
/s.  

Tides 

The water levels in the estuary show strong fluctuations due to the semi-diurnal tide in the Gulf of Mottama, 

that result in two high- and low waters per day. At the mouth of the estuary the tidal range is 3 to 6 m (neap-

spring tide). The water levels within the estuary have been recorded during the second measurement 

campaign. The hydrodynamic model provides prediction on the tidal levels for other locations. The spring 

tide water levels under conditions of high discharge for nine locations in the estuary are shown in Figure 2.2, 

with the location of the four stations in Figure 2.3. These modelled conditions reflect the situation with a high 

river discharge (4000 m
3
/s). The computer model shows that the tide has large asymmetry, with a short flood 

period when the water level rises quickly and a prolonged ebb period, when the water level falls slowly. In 

reality this situation can be recognized by the occurrence of a tidal bore at the beginning of the flood period 

(note that modelling a bore as such would require a different kind of modelling). The water levels are 

somewhat lower upstream (in the river) for low river discharges (400 m
3
/s in the model), which makes sense 

because less water is flowing through the river. More towards the seaside, the computed tidal conditions do 

not differ much under high or low river discharges, because the influence of the river gets smaller.   

 

Figure 2.2 Modelled water-levels under conditions of high river discharge at nine locations in the Sittaung estuary (for 
locations see Figure 2.3). 

 

A special feature of the Sittaung estuary is the occurrence of a tidal bore in a part of the estuary. A tidal bore 

or bore means that the leading edge of the incoming tide forms a short- breaking wave that travels up the 

estuary. The tidal bore is a symptom of an extreme asymmetry in the tides, with the flood coming in, in a very 

short time span.  

The flow velocities in the channel have been measured during the two measurement campaigns. Right after 

the passage of the tidal bore the flow velocities are very high, with values above 3 m/s (Appendix B). 
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The flow in the estuary is dominated by river 

flow in the upstream domain and tidal 

movement in the downstream (seaside) 

domain. During the wet season a major part of 

the estuary can be regarded as fluvial 

dominated, while during the dry season a major 

part of the estuary can be regarded as tide-

dominated.  

Because the flow controls the erosion, 

sediment transport and deposition, it can be 

inferred that during the wet season the river 

dominates the dynamics in a major part of the 

estuary, while during the dry season the tidal 

flow dominates the hydrodynamics. 

Figure 2.3 Locations 1 to 9 in the Gulf of Mottama and the Sittaung estuary  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2.4 Morphological elements and domains in the Sittaung estuary (situation May 2018) 
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2.4 Sediment transport and morphodynamics 

Morphodynamics is about the dynamics in morphology (such as tidal flats, channels, shoreline shapes and 

positions). A morphodynamic analysis looks into the interaction between the seafloor topography (hereafter 

referred to as bathymetry) with the forcing hydrodynamic conditions. While hydrodynamic processes respond 

instantaneously to morphological change (the flow of water follows the underwater topography), 

morphological change requires redistribution of sediment. As sediment takes time to move (days, sometimes 

years), there is a time lag in the morphological response to hydrodynamic forcing. It takes time for a 

shoreline to retreat. Since the boundary conditions of hydrodynamic forcing change regularly (wet/dry 

season; neap spring tide), this may mean that the bathymetry never reaches a stable, constant equilibrium. 

The morphology is always changing: it is morpho-dynamic. 

The Sittaung estuary has a distinct funnel shape observed in many estuaries around the globe, with a wide 

seaward boundary that converges towards a narrow river (Figure 2.4). This funnel shape is on both sides 

bounded by inhabited land. Note that smaller creeks and tidal channels extend outside the funnel shape of 

the estuary, from the land into the estuary. The parts of the estuary that become exposed during low water 

are called tidal flats. The tidal flats cover a vast part of the estuary and have large ecological values. In the 

downstream section of the estuary at least two parallel channels are present. In the upstream part of the 

estuary there is a single channel present. The major channel continues through the estuary.  

The western boundary of the estuary in Figure 2.4 is very distinct. It is formed by the steep channel bank that 

directly flanks the inhabited land. On the eastern side of the estuary the transition from the tidal flats to the 

inhabited land is less distinct. The higher tidal flats are gradually turned to agricultural use and this transition 

from estuary to inhabited land is fuzzier and changes over time. 

The depth and cross-sectional area of the tidal channels have been measured during the first measurement 

campaign. The general observation is that the channels in the estuary are all remarkably shallow (compared 

to similar types of tidal channels worldwide), with depths only up to 5 or 10 m, and widths of 250 m to more 

than 1 kilometer. The shallow nature of the channels is acknowledged in conversation with the local fisher 

that navigate the estuary (Appendix F). Some of the channels can only be accessed under specific tidal 

conditions, even for their shallow draught vessels.   

Insight in sediment transport patterns have been obtained from the numerical model simulations (see 

Appendix C for the complete report on the model simulations). Although the resultant flow is in seaward 

direction especially during the wet season, the Sittaung estuary is shown to be year-round flood-dominated. 

This is caused by the tidal asymmetry, meaning that the incoming tidal wave has a relatively short duration 

with high flow velocities, while the ebb tide is relatively long with lower flow velocities.  

  

 

 

 

 

 

Figure 2.5 Factor indicating the residual 
transport of fines (suspended load) during 
mean spring tide in combination with a low 
river discharge. Blue colors indicate 
transport downstream (eb) and red colors 
indicate transport upstream (flood) 

 

The tidal flow results in the transport of large amounts of fine sediments and sand into and out of the estuary 

each tide. The difference between these bidirectional transports, also known as the residual sediment 
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transport, results in net changes of the sediment distribution and therefore in changes in the morphology. For 

the high and low river discharge, the residual transport of fine sediments (< 100 µm) is directed in southward 

direction (where it is probably partly discharged into the Andaman Sea and partly kept in suspension). Figure 

2-5 is a map of the calculated residual transport of these fine sediments (dry season, 400 m
3
/s). The residual 

transport in the channels is largely directed southwards (downstream). Locally, upstream transport onto the 

tidal flats occurs. In the western tidal channel parallel zones of downstream and upstream transport patterns 

can be observed which indicate local sediment circulation cells (building up new bars and flats). 

The residual transport of sand (sediment coarser than say 100 µm) is more dependent on the river 

discharge. With the output from the hydrodynamic model, a residual bed load transport capacity has been 

computed; for the low river discharge its result is shown in Figure 2.6. It shows that almost in the entire 

estuary, the resultant direction of the bedload material is northwards, with the exception of the center tidal 

channel. This situation results in a zone of sediment convergence in the upstream parts of the estuary (close 

to the actual river mouth). In sandy estuarine systems this area is known as bedload convergence zone 

(BLC zone, Dalrymple & Choi, 2003).  

 

 

 

 

 

 

Figure 2.6 Factor indicating the residual transport 
of sand (bedload) during mean spring tide in 
combination with a low river discharge. Blue 
colors indicate transport downstream (eb) and 
red colors indicate transport upstream (flood). 

 

The same has been computed for the wet season (4000 m
3
/s); see Figure 2-7. The main channel system in 

the center of the estuary, which is connected to the Sittaung river now shows downstream residual bedload 

transport capacity. In the eastern part of the estuary, the residual transport is still directed in the upstream 

direction.  

 

 

 

 

 

Figure 2.7 Factor indicating the residual 
transport of sand during mean spring tide in 
combination with a high river discharge. Blue 
colors indicate transport downstream (eb) and 
red colors indicate transport upstream (flood). 
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Figure 2.8 Three areas with distinctly different coastal erosion and 
migration of the channels (image Nov. 2018) 

The presence of adjacent upstream and downstream directed zones in the estuary points to sediment 

circulation at the scale of the entire estuary, indicating that redistribution of sediment takes place in the entire 

estuary. 

The calculated residual transports of fine sediment and sand under conditions of high and low river 

discharge point to large-scale and local (channel) scale redistribution of sediments, with clear differences 

between dry and rainy seasons. The areas in the estuary display different combinations of transport 

directions for sand and fine sediments under high and low river discharges that indicate that these areas 

display different morphological developments. 

The morphodynamics have largely been 

assessed by means of satellite imagery, 

that was available from 1973 to 2018. 

Most of the images clearly display the 

position of the tidal channels, the tidal 

flats and the adjacent inhabited areas.  

The position of the bank of the main 

channel at the limits of the estuary has 

been mapped. Plotting the position of 

these banks in one map, gives a good 

picture about the movements of the main 

channel over the decades. It also 

provides insight in any cyclicity and 

periodicity in channel migration.  

Based on the results two areas have 

been distinguished (figure 2-8) with 

markedly different behaviour:  

• Area 1: Unidirectional migration 

of the channel;  

• Area 2: Channel migrates in both 

directions. 

 

A further distinction has been made in 

area 2, based on the developments of 

the channels in the last five years. In the 

northern part of area 2 (area 2a) a center 

channel has developed recently (in 

2017) and the importance of the channel 

on the west bank has decreased since 

then. In the southern part (area 2b), 

however, the major channel remains at 

the western shoreline of the estuary.  

 

The background image in Figure 2.8 is the most recent satellite observation available: for November 2018. 

The channel that has caused the extreme erosion in Bago region in area 2A, is rapidly disappearing from the 

maps. this will probably lead to much less erosion on short term which is good news for land owners in this 

area. For fishermen who depend on good access to the Gulf, this development might be less favorable.   
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2.5 Coastal erosion resulting from unidirectional meander 
migration in area 1 

The channel margin at the west bank for the period from 1984 to 2012 is shown in Figure 2.8. The position of 

the west bank in Area 1 has shifted from east to west, experienced as coastal erosion (black arrow). The 

largest changes have occurred in the southern half of the area, where initially in 1984 an east facing 

meander was present, that has disappeared because of the migration of the inner bend of that meander. 

Observations on satellite images prior to 1984 do show the presence of an east-facing meander (Figure 2.9) 

The most extreme development was the cutoff of the channel meanders in 2002 (location at black star). 

During the wet season in 2002 within a period of 6 months the two meanders have connected over the 

remainder of land that separated the two. The entire Area 1 then changed in a west facing meander.  

 

Figure 2.9 Satellite images of the Sittaung estuary from 1973 (left) and 2018 (right). 

In the north of Area 1, the position of the west bank of the channel has remained stable at one point over the 

period of 1984-2018. This point forms a „hinge point‟ for the position of the channel over this time-frame, as 

the entire channels seems to be attached to this point. However, older satellite images show the channel at 

the location of this „hinge point‟, so the stability of this point is not guaranteed. During the field survey, it 

became evident that this location is not solid but potentially erodible (photo below). The fixed position of this 

hinge point from 1984-2018 has been crucial for the development of the channels in the entire estuary and 

therefore for the erosion of the shorelines. Future changes in the position of this hinge point may result in 

significant changes of the tidal channels in the entire estuary. Monitoring of this point and possibly 

safeguarding its position with local protective measure is therefore deemed vital for the management of the 

shorelines in Bago Region and Mon State.  
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View of the western shoreline of the Gulf of Mottama near the river mouth.  
  

In the south of Area 1, the end-point of the meander has eroded to the west until 2010 and has remained 

seemingly stable since. The seemingly stable position of the last years is simply the result of a lower rate of 

erosion. During the September field visit, this location appears to be rapidly eroding again (photo below). 

With regard to the future erosion of the shorelines the position of this end point must be monitored, as it 

serves as a „hinge point‟ for the development of the channels further to the South (in Area 2). 

 

View of the western shoreline of the Gulf of Mottama, near Ah Lan Pya (29 September 2018). The steep, nearly vertical 
bank and the slumped blocks are evidence of the main erosional mechanism of the bank (slope collapse) that results 
from the ongoing landward migration of the tidal channel.  

 

The process of meander migration is typical for river dynamics. Sediment from the outer bend of the 

meander, where erosion occurs, is deposited on the inner bend. The meander in Area 1 is in an estuary, with 

a clear influence of tidal flow, especially during the dry season and the mechanisms for the erosion of the 

meander is more complex than in pure fluvial systems. The complexity is expressed in the migration of the 

east-facing meander to the west. This development with erosion in the inner bight is the opposite of meander 

migration in rivers. The processes that seem to govern the migration of the meander in the situation of the 

last 15 years are landward sediment transport in flood phase and deposition of the sediment in sandbars in 

combination with outer bank erosion by ebb flow, that is enhanced by growth of the sand bars. These two 

mechanisms work in the same direction and have and will result in erosion in the west-facing outer bend of 

the meander. 

2.6 Coastal erosion resulting from bidirectional channel migration 
in area 2 

Area 2 is located south of the end point of the meander of area 1 (near the village of Nat Yao Kan; see 

second photo in Section 2.5). Area 2 is characterized by rapid changes in the position of the major tidal 

channel. In Figure 2.10 two extremes are shown, with in the left satellite image the situation in 2002 with the 

major tidal channel on the eastern side of the estuary; and in the right satellite image the situation in 2013 

with tidal channel on the western side of the estuary. In both cases the main tidal channel lies directly 

adjacent to inhabited land, albeit on different sides. 
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Figure 2.10 Satellite images of the Sittaung estuary from December 2002 (left) and March 2013 (right) 

During the transition of the main channel from its position on the western to the eastern bank, a new channel 

or the migrating channel itself, will be in the center of the estuary. This is clearly visible in the recent satellite 

image from April 2018 in the right of Figure 2.11. Note that the main channel in the center is not the original 

channel that has shifted position, it is an entirely new channel that has formed in the center position.  

The development of this new central channel was first observed in 2017. On the western side the original 

main channel is still present, but it is rapidly silting up starting from its northern end. How fast this process of 

channel abandonment goes, can be seen when comparing the satellite images of May and November 2018 

(Figure 2-12). Within only five months the northern part of this channel - the channel that has caused the 

extreme erosion in the last years – has almost completely silted up, meaning that the tidal flow along the 

shoreline is much less than before.  

Because of the back and forth movement of the main channel positions in Area 2, illustrated with the three 

black arrows in Figure 2-8, it is more difficult to interpret the satellite images than for Area 1. Furthermore, 

the number of meanders in Area 2 has also changed over time.  

Based on an analysis of the satellite images and the results from the numerical model, the different channels 

have been classified channels as either ebb or flood dominated. The residual sediment transport was 

identified from the numerical model outcome. During the flood phase of the tides, the analysis shows that 

sediment is transported in landward direction and deposited in bars. The ebb- flow results in erosion on the 

outer bank, that is enhanced by the growth of these bars.  

Over the past years the migration of the western channel has resulted in severe loss of inhabited land. The 

future developments will be dominated by the shift of the major tidal channel to the center position in the 

estuary and the abandonment of the old tidal channel (already clearly visible in Figure 2-12). The loss of the 

function of the old channel will eventually mean that its landward migration will end. This holds for the 

northern half of area 2, while in the southern half the main channel is still firmly located adjacent to the 

shoreline. 
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Figure 2.11 Satellite images of the Sittaung estuary from March 2013 (left) and April 2018 (right). 

 

 

Figure 2.12 Satellite images of the Sittaung estuary from April 2018 (left) and November 2018 (right). 

 

2.7 Comparison with other estuaries  

The characteristics of the Sittaung estuary have been compared with a dataset of estuaries worldwide, to 

identify how this system differs from other estuaries. The only estuary that resembles most with the Gulf of 

Mottama is the Qiantang Estuary in PR China (see text box below).  
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The characteristics of the Sittaung estuary have been compared with a dataset of estuaries worldwide, to 

identify how this system differs from other estuaries. A comparison of the tidal prims and cross-sectional area 

from the Sittaung estuary shows that its channels are very small and shallow, with an exceptional high 

width/depth ratio and that tidal prims are too large for the channel dimensions. This results in high flow 

velocities in the channels, well above 1 m/s as has been observed in the field.  

The relatively shallow channels in the Gulf of Mottama can either result from an overload in sediment caused 

by constant reworking of soil stored temporarily in land, or from the presence of erosion-resistant layers in 

the subsurface (like clay). The latter hypothesis can be tested with a geological investigation of the top 10 to 

15 meters of sediments by use of hand coring. The cores can be collected from land-sites (or the tidal flats) 

where in the recent past a tidal channel was located. The analysis of the cores should focus on the presence 

of erosion resistant materials in the deeper segments (see Appendix A for more detail). 

The specific setting of the Sittaung estuary in the funnel-shaped Gulf of Mottama leads to amplification of the 

tides and flood-dominance of the tidal flow, which in turn results in the entrapment of large loads of sediment 

in the estuary, chocking existing channels and thus inducing the development of new channels.   

The local channel width was also used to estimate typical meander amplitude, based on a dataset with 

fluvial-tidal meanders worldwide (Leuven et al., 2018b). Meander amplitude is relevant is this case, because 

Textbox Qiantang Estuary 

Located on the coast of the East China Sea, the Qiantang Estuary is a 282-km long convergent (funnel-shaped) 

estuary. The upper reach is dominated by river flow, where the sediment is predominantly composed of gravely 

coarse sand and the morphology is basically stable. The lower reach downstream, also well known as Hangzhou 

Bay, is dominated by tidal currents. The middle reach is, depending on the season, controlled by both the river flow 

or tidal flow. During the high flow season, the river flow dominates, erodes the bed and transports a large amount of 

sediments seaward. During the dry season, the estuary is tide dominated and sediment is exchanged with the 

downstream Hangzhou Bay. Because the flood current velocity is twice that of the ebb current velocity, the flood 

current dominates resulting in deposition within the middle reach of the estuary [Xie et al., 2018]. The area is well-

known for its high tidal bore. The estuary is constantly being „fed‟ with fine sediments originating from the nearby 

Yangtse River; sediment that is being transported into the estuary because of the large flood dominancy which is 

also reflected in the occurrence of the tidal bore.  

In the middle reach of Qiantang estuary, an elongated sand bar is found. The bed morphology around this sand bar 

shows strong seasonal and inter-annual variations due to this seasonal variability in discharge, the strong tidal 

current, the wide and shallow bed, and the fine bed materials. These changes cause the main river channels to 

shift resulting in periodical erosion and accretion on the northern and southern bank (from Chen Jiyu, 1990].  

 

Since the 1960s, a large-scale coastal embankment has been built on both sides of the estuary for the purposes of 

flood defense and land reclamation. So far, more than 1000 km
2
 land has been reclaimed and the width of the 

estuary has been narrowed, especially in the middle reach. The reclamation resulted in an increase of 0.1–0.2 m/s 

in tidal velocities. The increasing velocities induced more erosion in the channels, causing them to expand in width 

and depth. Outside the channels, increased sedimentation is observed. This phenomenon could be attributed to the 

fact that a decreasing tidal flat area enhances flood dominance, so that even more sediment carried by flood 

currents are deposited [Xie et al., 2017]. This explains why, contrary to some other global examples, the flats in the 

Qiantang estuary have not largely disappeared. 
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it indicates the maximum extent of erosion by outer bend erosion. Based on a typical channel width of 3 km, 

it is expected that meander amplitude is about 17 km (Leuven et al., 2018b). This neatly falls within the 

present-day estuary. However, the 95% confidence interval based on 75 estuaries worldwide is much larger 

and indicates that over longer time spans (decades, centuries) the entire coastal plain may be subject to 

meandering by tidal channels. 

 

Rice fields being lost to the sea (photo taken on 29 September 2018 north of Ah Lan Pya, near Kywe Te)  
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3 PREDICTION OF COASTAL EROSION 

3.1 Forecast of coastal erosion  

From the previous Chapter 2 it follows that the development of new channels and the abandonment of older 

channels introduces a stochastic factor in the evolution of the estuary, which has a direct impact on the 

location and intensity of the coastal erosion. For the forecast we assume that the difference in behavior 

between area 1 and area 2 remain the same for at least the next five years, based on the historical 

difference between these areas. The recent development of the new center channel in area 2 has changed 

the confluence of the channel in area 1 and 2 (or vice versa) and this may affect the future developments in 

area 1 as well.  

The large-scale and long-term developments of the shorelines of the estuary, over more than 10 years or 

longer, cannot be based on a description of the physics or on extrapolation of the observed trends. However, 

the overall characteristics of the estuary, in combination with ground rules from observations of estuaries 

around the globe, present useful insights for the longer term. These ground rules suggest that over longer 

periods (50 to hundreds of years) the entire coastal plain may be subject to erosion by migrating channels. 

At the eastern side of the estuary the bedrock of the hills limits this migration. At the western side there is no 

physical limitation to the migration. Visible remnants of meanders in the landscape suggest that indeed the 

estuary has reached to the maximum extent somewhere in historical times. Dating these meanders by 

historical or geological research, will provide more information on the recurrence of large-scale reworking of 

the coastal plain. The important message for the coastal-zone management of the estuary is that over longer 

periods of ten to hundreds of years a very large area is prone to erosion from the Sittaung estuary. 

For the period of up to five years an extrapolation of the trends in combination with observations on the 

morphological changes is used to predict the extent over which erosion may occur. Even for this relatively 

short time span the expected changes are presented with a large bandwidth, that is in line with the observed 

changes in the evolution of the shoreline. A detailed presentation of the forecasts is provided in Appendix A 

to which is referred. 

3.1.1 Bago state area 1. Unidirectional meander migration 

Erosion on the western bank of the estuary is expected to continue at a slow but steady rate for the coming 5 

to 10 years, due to the continued migration of the existing channel meander. The extent of the future erosion 

in this area is determined by: 

• The position of the stable point in the north; 

• The erosion at the end point of the meander in the 

south; 

• The overall development of the channel pattern in 

Area 1 (and the connection with the main channel 

in Area 2).  

 

The orientation of the meander bend is restricted by 

the presence of the stable point in the north of Area 

1, because the meander bend does not and cannot 

migrate northwards (upstream). If the stability of this 

point would change, the migration could continue 

further to the north and to the west. We expect the 

stable point in the north to remain there for the 

coming five years, but this should be monitored as it 

is a key element for the extent of shoreline erosion in 

the entire estuary.  

 

For the last few years the meander in Area 1 has also 

been bound in the south by the seemingly fixed point 

(see photos in Section 2.5). In combination with the 

stable point in the north, this puts a limit on the extent 

of the meander bend. With the gradually erosion of 

the southern end point, this restriction is gradually 
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lifted. Eventually the orientation of the channel system may shift from a west-facing bend to an east-facing 

band that is lined up with the main central channel in Area 2. Observations on satellite images prior to 1984 

(presented and discussed in Section 2.5) show the presence of an east-facing meander in Area 1 that 

continues in a south-running central channel in Area 2.  

 

The observed rates of coastal erosion that form the basis for extrapolation, have been derived from the 

position of the channel bank for a number of transect perpendicular to the shoreline. Close to the stable point 

in the north, near the village of Ah Loke some erosion is possible in the coming five years but given the 

position close to the stable point it is likely to remain limited to tens of meters. South of Ah Loke the position 

of the shoreline has remained stable over the last 6 years, but recently (September 2018) erosion was 

observed in the field. At this location frequent shifts from stable to erosive occur, that are possibly related to 

sand bar developments associated with the earlier mentioned Bedload convergence Zone in Area 1.  

To the south of Area 1 the recent stabilization, from 2005, has in 2016 turned into erosion again. Future 

erosion in the coming +5 years is likely, with a possible rate up to 50-100 m per year. Further south, close to 

the end point in the south some 200-300 m more land loss may occur in the next five years.  

 

The development of the shoreline in the southern part of Area 1 is not only related to the development of the 

meander, but also relates to the development of the channels in Area 2. The channels in Area 2 connect with 

the channel in Area 1. The switch to the center channel in Area 2 may result in a reorientation of the flow and 

of the major channel in Area 1 and therefore in a slowdown of the erosion along the west bank. 

3.1.2 Bago State area 2. Bidirectional channel migration: west - east 
switching  

The area is split up in a northern part (Area 2a), and a southern part (Area 2b) (see Figure 1-3). The erosion 

in Area 2a has been the result of the presence of the tidal channel on the western side of the estuary. The 

observed development of a center channel and the simultaneous abandonment of the west channel is likely 

to result in the reduction of the erosion rates, possibly to zero. The abandoned channel will likely develop 

into tidal flats, as observed during earlier cycles of erosion in the estuary. New land is expected to develop. 

In Area 2b the erosion also has been the result of the presence of the tidal channel on the western side of 

estuary. In contrast to area 2a to the north there are no indications that this tidal channel will lose its function 

soon. Erosion of this area is therefore likely to continue, at similar rates as observed earlier. This may result 

in the loss of a stretch of inhabited land that is up to 8 kilometers wide.  

Area 2a 

Near the village of Nat Yae Kan in the northern part of the estuary the recent sedimentation in the northern 

part of the channel has resulted in low flow velocities. The rate of costal erosion here has reduced after 2016 

and reaches up to 100 m till last year. The erosion may continue in the next few years, perhaps with a 

maximum other 50 to 200 m. New land however, is expected to develop from sedimentation in the channel 

after this period. This also holds for the area near Kha Lat Su.  

Near Koke Ko & Ka Pin the rate of erosion for the past 8 years has been higher than in the northern sections 

of Area 2a. This retreat occurs despite the sedimentation in the channel further north. The recent rate of 

coastal retreat has been around 1 km per year. Near Ngwe Taung the observed rate of coastal retreat has 

been even higher at 1.250 m per year. These rates of erosion are likely to get smaller when the western 

channel continues to lose its hydraulic function, which is the likely scenario for the coming years. It is 

therefore unclear what the coastal retreat in this cross section will be. The observed high rates are not likely 

to continue, as this will outpace the limited coastal retreat to the north. The upper limit for the maximum 

coastal retreat in this area would be another 500 - 1000 m, but even this maximum is subject to great 

uncertainty.   

Area 2b 

The area near Kan Taw is located at the bifurcation of the tidal channel. The tidal channel in the south splits 

into the western channel that is losing its function and the central channel that is taking over its role. The tidal 

channel here is the major active channel in the estuary. The migration of this tidal channel has resulted in 

coastal retreat with a recent rate over 1.600 m per year. The erosion of another 8 kilometers of inhabited 

land in the next 5 years is possible. However, when the channel losses its function, or shifts to a more 

central or eastern location the rate of erosion can reduce and the development could even reverse as has 

been observed in the past. This also holds for the area further south near War Taw and Aung Meik Thar. 
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The presented values of possible loss of land are extreme for area 2b, but such extreme rates of retreat 

have been observed in this area in the past 45 years (since 1973). 

  

3.1.3 Shoreline of Mon state 

The Mon side is likely to experience coastal erosion in the near 

future (in Area 2), due to the switch from a western to an eastern 

position of the main tidal channel. Initially the erosion will affect the 

tidal flats that are present in front of the inhabited land.  

Horizontal retreat is expected to be very intense (in m/y), likely 

more than 1 km per year, which has already occurred in 2018 as 

shown in the picture aside. The three red lines indicate the location 

of the eastern bank of the central channel. Between December 

2017 and November 2018, this bank has already moved 2 km to the 

east (indicated with the white arrow). Eventually, within years, 

erosion of currently inhabited land is likely to occur. 

 

 

3.2 Vulnerable areas 

The forecast of the coastal erosion from the previous Section indicates which areas are most vulnerable for 

coastal erosion in the next five years. Given the extreme rate of morphological changes (in dimensions and 

in speed) and the unpredictable nature of the dynamics, it is not realistic to pinpoint future positions of the 

shoreline to exact moments in time.  

The (un)certainty of the prediction varies along the shorelines, as it depends on the nature of the changes. In 

Figure 3.1 the uncertainty in the position on the Bago shoreline is indicated by the bandwidth between the 

two lines.  

The area between the current shoreline and the line that indicates the minimum erosion in the next 5 years is 

very likely to erode in the coming 5 years. The area between the two lines is likely to erode in the next 5 

years.   
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Figure 3.1 Vulnerable areas of the Bago shoreline. The inset shows the detail of the northern area (box). 
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4 POTENTIAL MEASURES, INTERVENTIONS AND 
ADAPTATION STRATEGIES 

 

4.1 Overview of measures and interventions 

To stop or reduce the coastal retreat and associated land loss, a diverse set of potential solutions is 

available in the toolbox of coastal engineers. These have been described in Appendix D to which is referred.  

Coastal defense measures can be subdivided into the following three groups: 

I. The zero-option: do nothing; 

II. Measures to take away the cause of the erosion (called interventions); and 

III. Measures to counteract the erosion or to alleviate the effect of coastal erosion (called structural 

measures). 

The first group, the do-nothing option, does not necessarily mean that nothing should be done. non-structural 

interventions such as defining a setback line, communication about what can be expected, spatial planning, 

integrated coastal zone management; are all activities that fall within this category.  

For all measures it is necessary to know the causes of erosion, which in this case is related to the (free-

mode) meandering of the tidal channels. The passage of large tidal bores causes high levels of turbulence 

along the shoreline but are not the cause of the erosion. So, measures that aim to take away the cause of 

the erosion will need to control the migration of the western channel that currently runs close to the western 

(eroding) shoreline. This can be achieved by: 

• Increase the height of the tidal flat on its east side. By doing so, the tidal prism of the channel decreases 

(less water is required to inundate the flat), and so will the flow velocities in the channel reduce; 

• Increase the flow resistance on top of the tidal flat, for example with vegetation, which may have a similar 

effect as increasing the height; and  

• Close the southern entrance of the channel with an artificial dam, to block the north-going flood flow.  

•     

Interventions (Appendix E)  

A. Deepening of the center channel 

Deepening of the center tidal channel encompasses 

dredging of the center channel over the full length of 

the estuary. A dredge volume of at least 20 million 

cubic meters of sediment is required. The ratio behind 

deepening of the center channel as shown in  

Figure 4-1, is that this allows for the tidal currents to 

enter and leave the estuary via this easy-access route. 

This would relieve the western channel and reduce the 

erosive tidal flows there.   

B. Increased height of western tidal flat 

An increase in the height of the tidal flat results in a reduction 

of the ebb-flow from the flats. This reduces this component of 

the tidal flow that is directed towards the shoreline. An 

intervention to raise the tidal flat with 0,5 m would require 

roughly 15 million cubic meters of sediment.  

C. Vegetation on western tidal flat 

Stimulating the presence and growth of vegetation on 

the tidal flats aims at the same effect as intervention B, 

albeit more indirect. The presence of the vegetation 

itself reduces the flow over and on the tidal flats, 

because of the increased roughness. Furthermore, the 

vegetation will enhance the sedimentation and will in 

turn lead to a reduction of the tidal flow from the flats 

towards the shorelines. The surface area of the tidal 

flats is large. Stimulation of vegetation over a 

significant part of their extent would require at least a 

thousand hectares of vegetation. 

 

D. Full closure of western channel 
Closing of the western channel as indicated in Figure 4-2  at 
the south side of the channel, will reduce the flow through this 
channel and therefore reduce the erosion. Closing of the 
channel would require dumping of tens of millions of cubic 
meters of sediment.   
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Figure 4.1 Cross section in the 
numerical model for intervention “A”, 
with deepening of the central channel 
(dotted to solid line) 

 
Figure 4.2 Map with intervention “D”, with full closure of the western channel indicated with the circle. 

 

These four types of system interventions have been analyzed with the numerical model; the results are given 

and discussed in Appendix E.  

 

Structural measures to counteract the erosion can be grouped in three:  

• Direct protection of the shore;  

• Hard structures perpendicular to the shore; and 

• Artificial nourishment. 

All three concepts can either be temporary- or permanent measures, depending on the level of urgency and 

available resources to create properly designed protection schemes.  A description of each category is 

presented below. 

Structural Measures for coastal protection 

Four categories of measures have been distinguished, based on their orientation and material 

1a. Direct protection of the shore along the banks of the estuary 

Direct protection of the shore above the low-water mark can be provided by some layer of resistant material. This layer 

can for example be a simple textile cloth, a series of sand bags, a bulkhead in the form of gabion nets or a rock 

revetment. 
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Geotextile Bags                                                     GeoTubes 

  

Timber Structures                                                       Gabion Mesh Boxes 

 

Rock revetment 

 

1b. Direct protection on the slope of the channel along the banks of the estuary 

Direct protection against the migration of the tidal channel can be achieved by a layer of erosion-resistant material, 

rubble, rock, concrete units, from the top of the bank along the slope of the channel. 
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2. Hard structures perpendicular to the 

shore 

The principal objective of these structures 

(groynes) is to decrease the eroding forces by 

reducing the flow velocities along the shore. 

On exposed coasts groynes are normally built 

as rubble mound structures. However, other 

materials, such as timber can also be used. 

Spur-dikes are perpendicular structures used 

in rivers to confine flow to the center of the 

river for navigation purposes and with an 

effect on the erosion as well by deflecting 

river currents away from the shore.   

 

3. Artificial nourishment 

This method includes restoring sand in front of the shore where it is used to compensate for the sand lost due to the 

beach erosion. The sand can be supplied either from land by normal excavation equipment as well as from water 

through a ship or a barge. This intervention does not take away the cause of the erosion and therefore the nourished 

sand will be eroded by the currents. Consequently, frequent re-nourishing will be required. 

4. Building with Nature type mangrove development 

Mangroves can form a natural protection against coastal erosion. The 

roots systems trap mud and reduce the subsequent erosion. The 

mangroves reduces the impact of storm surges on the hinterland. Initial 

start of mangroves in areas where they have been reduced can be 

facilitated by the use of permeable structures that reduce the impact of 

waves and currents on the seedlings while enabling the inflow of water 

and sediment. Permeable structures can be made from local available 

wood or bamboo.  

 

 

Costs and design considerations slope protection 

Technically speaking, any shoreline erosion can be stopped with a revetment. In this case, such revetment 

must be designed to stop a rapidly migrating tidal channel, which means that it should be constructed deep 

enough, with sufficient (underwater) toe protection. Considering the depths of the tidal channel, we expect 

that the toe structure must be at around MSL-8 m, possibly deeper.  

The construction of such a slope protection is practically not possible under tidal bore conditions with flow 

velocities easily exceeding 3 m/s. Therefore, a sufficiently deep (more than 12 m - from MSL+4 m down to 

MSL-8) and sufficiently wide (depending on slopes at least 70 m) trench should first be excavated at a 

sufficiently safe distance from the shoreline. This distance depends on the construction time needed and the 

local erosion rate – probably a few hundred m at least (this zone will still be lost to the sea). The excavation 

of such a trench requires an excavation volume of at least 1000 m3 per m shoreline length, which obviously 

is a very costly activity on its own (estimated at 10 kUSD/m).  

An alternative for a slope protection that does not require such massive excavation is a sheet pile. However, 

the earth-retaining height of such sheet pile would be at least 12 m (probably more), which would make this 

extremely expensive (ca. 200 kUSD/m) and hardly constructible given the required heavy equipment in 

relation to the expected local soft soils. 

The slope protection that can be constructed inside the excavated trench, must be able to survive under 

extreme (design) conditions: flow velocities up to 3 to 4 m/s and significant wave heights up to several m 

(during cyclones). Because of the extreme flow velocities relatively heavy rock must be used, probably 

heavier than 500 kg, which will require special heavy equipment for placement.  



 

Our reference: C03141.000064R1r1  - Date: 31 December 2018 

  

 

DEALING WITH COASTAL EROSION IN THE GULF OF 

MOTTAMA 

41 of 51 

 
Figure 4.3 Part of the western shoreline of the Sittaung 
estuary, with extent of alongshore protection against 
erosion. 

Wave heights of several m will probably ask for concrete armour units, such as X-blocs, as rock alone can 

then no longer satisfy the design requirements. Costs for such a structure will be high; for example, the costs 

of a 1500 m long breakwater in the Black Sea using X-blocs was ca 60 k USD/m (with less extreme design 

flow velocity).  

If both rock and concrete armour units are not feasible as protection layer, then grouted rock would be an 

alternative revetment cover. It is a solution that is already being applied along eroding river banks elsewhere 

in Myanmar. The grouting is done with concrete, not with asphalt because of the high temperatures in 

Myanmar, which requires a concrete plant on site.  Grouted rock may work along relatively unexposed river 

banks, but not in a situation with high waves during cyclone attack. Moreover, the expected soft soil would 

probably lead to setting of the ground, resulting in bursts in the surface layer that will jeopardize the whole 

structure. This would mean that the revetment with grouted rock will need to be put on piles, clearly 

increasing the costs considerably. A rough estimate of these costs is between 20 to 60 thousand USD per m 

shoreline. These costs also depend on the additionally required infrastructure such as road construction (to 

get the equipment and materials on site), land purchase and ground excavation (to be able to build the 

revetment in a trench under better conditions). 

Extent of the measures 

The spatial scale at which measures can be 

successfully applied is the scale of the erosive 

channel elements: the channel meander in Area 1 

and the erosive channels in Areas 2a and 2b. This 

scale holds for all measures shown here.  

Local protection works, that aim to protect local 

values (village, religious places) will not be 

successful, as the erosion will continue in the 

unprotected stretches. Eventually, a locally protected 

area will be eroded from the sides or even from 

behind, meaning that in the best case (with measures 

surrounding the area on all sides) it will end as an 

island within the estuary. 

It is important that also the entrances to the various 

tidal creeks are protected, because if these locations continue to erode, the protected shoreline can be 

attacked “from behind” jeopardizing the whole protection scheme. Closing the tidal creeks instead would not 

be a good idea as they also function as drainage canals in the wet season.  

Successful protective measures will therefore have to be applied over stretches of 10 to 20 kilometers of the 

shoreline and be well engineered in a way that the structures can survive under maximum tidal bore 

conditions.  

Storm surge barrier? 

One rather extreme measure was mentioned during the consultations: the closure of the entire Gulf of 

Mottama with a barrier across the entrance of the estuary (from west to east for example from Ma Mauk on 

the Bago side to Pauk Taw on the Mon side). Obviously, such barrier will need to have an opening for the 

drainage of the Sittaung river discharge. With an estimated design river discharge of 5000 m
3
/s this would 

ask for an effective „opening‟ of at least 2500 m
2
. Assuming a depth of 8 m and 70% relative openings, this 

asks for a bridge or gated sluice structure of some 450 m in length. Heavy bed protection will be required in 

the opening and both up- and downstream areas (some 500.000 m
2
).  

The design of the whole barrier (closed dam sections and gated openings) will be quite a challenge under 

the extreme hydraulic conditions that can occur, but actually constructing it will be extremely difficult and 

surely extremely expensive (without any attempt to calculate these, we expect costs to be well above 1 

billion USD).  
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Moreover, the impact of such closure barrier on the ecosystem, notably crossing a Ramsar Convention 

protected site, will be dramatic (loss of flat areas to mention one aspect). We, therefore, do not expect that 

such barrier would be acceptable after a more thorough socio-economic cost/benefit analysis, or 

environmental and social impact assessment.    

 

4.2 Trade-off matrix 

A rather straightforward trade-off matrix has been developed to compare the various measures and 

interventions for the following set of six qualitative criteria:  

• Effectiveness: Does the measure/intervention prevent further coastal erosion, and what is the spatial 

extent of the measure/intervention? 

• Local implementation capacity: Can the measure/intervention be produced and build locally, or do 

specialist equipment and/or building materials have to transported to the Sittaung estuary? 

• Environmental impact: What effects do the measures/interventions have on the local and regional 

environment? Do the measures influence the ecosystem services provided by the estuary, including 

fisheries, soil improvement, etc.; 

• Costs: What are the costs of the measure/intervention, in terms of the investments needed for the 

construction (Capital expenditures) and the operational costs for surveillance, maintenance, etc 

(Operational expenditures).  

• Benefits: What are the benefits of the measures/interventions in terms of protected values and 

investments.  

• C/B ratio: Do the costs weigh up against the benefits? 

This table blow gives the qualitative scores per criterion and is followed by an explanation of the scores per 

measure and intervention. In this Table “-“ stands for negative score, “0” for neutral score, and “+” for positive 

score (“--“ and “++” are extra strong scores); n.a. stands for not applicable. The – minus score in the column 

“local implementation capacity” means a lack of capacity, while the + means that the capacity is available.   

Measure / 
Intervention 

Effectiveness 
Local 
implementation  
capacity 

Environmental 
impact 

Costs Benefits C/B ratio 

0. Do nothing 0 n.a. n.a. 0 - + 

1a. Bank 

protection 
0 + 0 $$ - -- 

1b. Slope 

protection 
+ - 0 $$$ + -+ 

2. Groynes - - 0 $$$ - -- 

3. Nourishment 0 - - $$$$ - --- 

4. Mangroves  - 0 + $ - - 

A. Channel 

dredging 
-- -- -- $$$$ -- ---- 

B. Heightened 

flat 
+ -- - $$$$ 0 -- 

C. Vegetated 

flat 
+ + 0 $$ 0 - 

D. Channel 

closure 
+ -- - $$$$ + - 
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Schematic cross-section of the inhabited shore and erosion by the 
channel in the estuary (top), with slope protection (below). 

 

Qualitative scores for the structural measures  

1a. Bank protection: The protection of the bank is above the low water line and does not deal with the 

erosion by the severe tidal flow. The effectiveness of bank protection is therefore regarded neutral (there are 

no adverse effects and so the score is not negative). Bank protection can be constructed locally, without 

specialist skills and largely with locally available materials. The measure has a small footprint and the 

environmental impact is therefore limited. The costs of this measure are average. Production of this measure 

is labor intensive, but with limited costs for materials (given that locally available material is used). Because 

this measure is not effective, the loss of inhabited land will continue, including the loss of all economic values 

and activities on this land.  

1b. Slope protection: Protection of the 

slope can stop erosion by the tidal channels 

and is therefore regarded as (potentially) 

effective. Successful slope protection 

requires rock or concrete elements that are 

not readily available locally. Furthermore, the 

construction of slope protection on the very 

steep slope may require specialist 

equipment, because onshore construction of 

a falling apron type measure may not result 

in the required coverage of the entire slope.  

The measure has a small footprint and the 

environmental impact is therefore limited. 

The costs of slope protection are very high because a large amount of material (rock, concrete) is required, 

that is not locally available and will be extremely difficult to transport to site (no roads, shallow waters). The 

benefits are positive, as this measure can effectively protect inhabited land.  

2. Groynes: Groynes in this case will be less effective as they cannot stop the migration of a tidal channel. It 

is even more likely that they work counter-productive because of scour generated at the tips of the groynes 

where flow velocities will even increase. The extra turbulence generated by these groynes will also take 

more sediment from within the groyne cells and by doing so aggravate the coastal erosion. 

3. Nourishment: Nourishment requires very large volumes of sediment to be placed along the shoreline to 

balance the erosion. Because the measure does not stop the erosion, but mitigates the effect, it is regarded 

neutral. Nourishment is not a viable option because of the nature of the coastal sediments (clay) and the 

cause of the erosion (large scale tidal channel migration). With 5 m/d shoreline retreat over a distance 

alongshore of at least 5 km and assuming a vertical eroding profile height of 4 m; a total nourishment volume 

of some 100,000 m
3
 clay per day would be required: a totally impossible challenge. This measure has a 

largest footprint as has impact in the borrow area and on the location of the nourishment, thus resulting in a 

negative environmental impact.  

4. Mangroves: The successful creation of mangrove habitat in front of the shorelines is not an effective 

measure, because the mangroves do not prevent the shore-line erosion by the migrating tidal channel 

(successful shoreline protection by mangroves is possible in situations where waves, storms and subsidence 

cause coastal retreat). The required materials are relatively cheap and local labor might be sufficient, making 

the costs of this measure relatively low. Successful creation of mangrove habitat has various benefits, for the 

natural environment (wildlife and for the local economy, increase in fish stock). Because this measure is not 

effective the loss of inhabited land will continue, including the loss of all economic values and activities on 

this land. 

Qualitative scores for the system interventions 

A. Channel dredging: Deepening of the tidal channel will result in an enhanced intrusion of the tidal flow in 

the estuary. Although the pressure may be relieved from the channel that cause the erosion of the shoreline, 

the adverse effects upstream, in terms of raised water level and increased erosion by far outweigh any 

positive effects. Furthermore, because of the abundance of sediment in the estuary, the life-span of the 

dredged channel is years at most (it silts up rapidly). The overall score on effectiveness is therefore very 

negative. Dredging large volumes of sediments from the channel does require heavy dredging equipment 



 

Our reference: C03141.000064R1r1  - Date: 31 December 2018 

  

 

DEALING WITH COASTAL EROSION IN THE GULF OF 

MOTTAMA 

44 of 51 

that is not locally available. The enhanced tidal intrusion and the disposal of the dredge spoil can have large 

and negative effects on the ecosystem of the estuary.  

The dredge spoil may be used to for interventions on the flats and in the western channel, thus creating 

additional effects for the estuarine dynamins. However, the environmental impact is therefore considered 

very negative. The costs of the dredging operation easily exceed tens of millions of dollars and are judged 

very high. There are no additional benefits of the channel, it is for instance not likely that a stable shipping 

channel can be created. The overall balance between costs and benefits is extremely negative for this 

intervention.     

B. Heightened flat: Increasing the height of the tidal flats will reduce the flow from the tidal flat that is 

directed towards the western shoreline and thus reduce the migration of the channel and the coastal erosion. 

The difference that the heightened tidal flat makes on the residual flow is shown in Figure 4.4 (derived from 

computer model). The upstream directed transport in the channel will increase and the downstream transport 

along the flat increases, effectively reversing the current situation. Given the impact on the residual transport, 

the intervention is therefore deemed effective.  

As with the previous intervention, there is no local capacity for the implementation, because heavy dredging 

equipment is required to raise the tidal flat. The environmental of this intervention is negative, because the 

tidal flat habitat will deteriorate due to the coverage with sediments and the borough area will also 

deteriorate. The costs of the dredging operation easily exceed tens of millions of dollars and are judged very 

high. The heightened tidal flat can be claimed for agricultural use earlier then in the case of the natural 

development and this is a benefit of the intervention. This is judged neutral as this hamper other ecosystem 

services provided by the natural tidal flat. The overall balance between costs and benefits is negative for this 

intervention.   

 

 

 

 

 

 

 

Figure 4.4 Difference in the residual flow as a 
result of the heightening of the western tidal 
flat. 

  

C. Vegetated flat: Vegetation on the high tidal flats can effectively enhance the sedimentation and thus 

create a situation like intervention B, without directly bringing sediment to the tidal flats. The measure is 

considered effective, based on the outcome of the model simulations shown in Figure 4.5. The flow over the 

tidal flat is reduced, as a result of the roughness introduced by the vegetation. The result is very similar to 

the intervention B shown in Figure 4.4.  

Boosting the vegetation may be achieved in various ways, with local labor. The local implementation 

capacity is therefore considered positive. The environmental impact is limited with this ‟Building with Nature‟ 

type intervention, that enhances natural developments. The costs of this intervention are average, because 

the surface over which vegetation must be enhanced is large. The benefits of this intervention are 

considered positive, because the intervention is effective. The overall balance between costs and benefits is 

still slightly negative for this intervention, because the absolute costs are still high in comparison to the 

values that are protected. 

D. Channel closure: Closure of the channel (Figure 4.2) is an effective intervention to reduce the flow 

through the western channel (see model output in Figure 4.6). It should be noted that the closure dam must 
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be properly engineered to avoid that it erodes rapidly and breaches after some time. Local capacity for this 

major dredging operation is limited and the costs are very high. In line with the other dredging operations the 

environmental impact is regarded negative. As the intervention is effective, the benefits are judged positive. 

The overall balance between costs and benefits is negative for this intervention, because the costs are very 

high in comparison to the protected values.      

For the interventions B and D the borough area for the sediments have to be selected with care, to prevent 

negative developments, like the enhanced intrusion of the tides associated with the deepening of the tidal 

channel.  

 

Figure 4.5 Difference in the residual flow as a result of the added vegetation on the western tidal flat 
 

 

Figure 4.6 Difference in the residual flow as a result of the closure of the western tidal channel. 

 

4.3 Adaptation strategy 

The trade-off matrix of the measures shows that none of the structural measures or interventions are 

attractive from a cost/benefit aspect. The costs for the protective measures simply do not outweigh the 

benefits in terms of protected values, as only limited economic values are currently present. In terms of 

adaptation strategies this means that only one adaptation pathway remains viable: adapting to retreat as a 

special follow-up of the zero-option.  
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Adaptation to retreat has been common practice for centuries along the banks of the Sittaung estuary in the 

Bago and Mon states. The inhabitants move when the shorelines approach their land and houses. Crops 

and wood are harvested as much as possible and all transportable materials are being removed and 

recycled.  

The down-side effect is that there is hardly any infrastructure in 

the flood plain, such as roads or adequate water reservoirs, 

which hampers local economic development. Appendix D shows 

some examples of so-called flexible infrastructure that can be 

considered to increase the adaptive capacity of the local 

communities. These types of measures will also be useful in 

times of accelerated weather extremes and therefore would fall 

under the category Climate Adaptation Measures as well. The 

flexible infrastructure examples have been grouped into: 

• Roads; 

• Drinking water supply; 

• Housing; and  

• Assets (e.g. hospital, agriculture). 

Prices for such measures differ, from hundred to several 

hundred USD for water tanks and the flexible adaptations for 

houses and other buildings, to several thousand USD for bespoke flexible houses, hospitals and buildings. 

Construction of roads is be the most expensive adaptation measure at ten of thousands of USD per 

kilometer, depending on the building materials. Roads will have additional benefits for the economic 

development of the region. Further reference is made to Appendix D.   

Adaptation strategies should preferably be associated with organizational, legal and financial regulations to 

facilitate community resettlement. A system of financial „solidarity compensation‟ for farmers who are forced 

to relocate can be envisaged. Governance at national, regional and local level will have to allow for the 

societal dynamics associated with adaptation strategies.  

4.4 Impact of accelerated sea-level rise 

Accelerated global sea-level rise is predicted because of global warming. The increase in sea level will also 

impact the Myanmar shorelines, including the Gulf of Mottama and the Sittaung estuary. Based on the 

geological analysis, it is likely that the Gulf of Mottama have already been exposed to high rates of relative
2
 

sea-level rise, as a result of the subsidence of the subsurface in the region. Accelerated global sea-level rise 

will add to the regional effect of subsidence and result in even higher rates of relative sea-level rise. The 

flooding of the coastal plains, that happens regularly during the wet season and during high tides means that 

sediment is deposited there. Most of the sediment is deposited in a zone of several hundred m wide 

measured from the shoreline. The coastal plain thus has capacity to “follow” the accelerated relative rise of 

the sea level.  

The amount of (fine) sediment available in the Gulf of Mottama and the Sittaung estuary is very large and all 

that sediment is available for sedimentation on regularly inundated land and tidal flats to follow the rise in 

water levels. For the entire coastal plain to follow the rise in sea-level, the high rates of deposition occur 

close to the shorelines. Migration of the channels over the coastal plain, with the adverse effect of loss of 

land and livelihood, does have the advantage of delivering sediment over a very large area. The migration of 

the channels therefore facilitates the rise of the coastal plain that is required to follow sea-level rise.  

Based on the abundance of sediment and a comparison with other estuarine and tidal system, a build-up of 

the coastal plain and estuary at rates up to at least 4 cm/y seems likely. This means that for the next 50 

years, if the sea level rise does not exceed such rate of 4 cm/y, no changes in the morphodynamic behavior 

of the Gulf of Mottama is expected.  

                                                     

2
 Relative sea-level rise is the combined effect of the rise of the water level and the lowering of the land due to 

subsidence.   
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It is unlikely that an accelerated rise-in sea level will influence the already extreme dynamics of the shoreline 

and the tidal channels. The driving forces of the migration of the channels are hardly influenced by the 

gradual sea-level rise. Climate change may result in an even more peaked river discharge during the rainy 

season. Although much of the flood waters will be accommodated in the coastal plain, the increase in peak 

discharge may result in additional channel migration in the upstream regions of the estuary. Changes in the 

sediment yield of the river as a result of climate changes or following antropogenic interventions, may have a 

similar effect in migration rates and avulsions. An increase in the upstream migration and avulsions could 

even lead to shift of the entire river belt to the west that would affect a large inhabited area. Monitoring of the 

developments is essential to recognize such potential system-wide changes, and this may lead to local 

measures to protect critical points. 

 

4.5 Monitoring as an integral part of the coastal zone management 

An essential part of coastal zone management is the monitoring of the morphological developments. For the 

extreme changes on the Bago and Mon shorelines the importance of up-to-date monitoring is even greater. 

The availability of recent satellite images in the public domain allows for yearly actualization of the 

developments of the shorelines and the tidal channels. The analysis of the satellite images is relatively easy, 

and does not require field measurements that are complex, time consuming and relatively expensive in this 

environment.  

Appendix G gives guidance on how such satellite data analyses can be done by Myanmar experts 

themselves. It is worthwhile to designate the yearly update of the monitoring to institutions and even make 

specific persons responsible for this task. A government authority or the universities of Bago and 

Mawlamyine may be best equipped and best suited for this task. Each year a report should be updated, with 

the most recent positions of the shorelines, the changes in the shoreline positions, the position of the tidal 

channels and of the critical points and an update forecast of the developments. Ideally the analysis and 

reporting would be supervised (at least for the first 3 to 5 years) by an expert or review panel. The yearly 

reports on the position and developments of the shoreline can be directed to the Bago and Mon government 

bodies with a responsibility in the adaptation strategy.    
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5 DISCUSSION  

 

5.1 Causes for the coastal erosion 

The horizontal shoreline retreat along the Bago coast in the Gulf of Mottama has been more than 5 m/day or 

1 km/year at some locations. Although extreme, this kind of erosion is part of the natural shoreline dynamics, 

showing periods of very rapid land growth as well as land 

retreat. The coastal erosion of the shorelines of Bago Region 

and Mon state result from the natural dynamics of the 

channels of the Sittaung estuary. The governing processes 

are the currents and sediment transport that result from the 

tides and -in the rainy season- the river floods.  

The coarser bedload sediment (sand) is transported upstream 

in the estuary and results in the formation of sand bars in the 

so-called bed-load convergence zone. The meanders migrate 

as a result of the combined effect of currents that erode the 

channel banks (“bank pull”) and flow from the bars (“bar 

push”).  

The very shallow nature of the tidal channels facilitates rapid 

channel migration. Although it remains unclear what causes 

the shallowness of the channels, it is likely to be caused by 

the presence of an erosion-resistant deposit in the subsurface 

(which can be studied with a drilling program).  

Satellite image with an indication of the major processes governing coastal erosion by the migration of the channel in 

Area 2. 

The direction of the migration of the channel determines the location of the erosion: migration to the west 

results in erosion of the Bago shoreline and erosion to the east results in erosion of the Mon shoreline. The 

direction of the migration and the erosion does change in periods of 10 to 15 years in the southern part of the 

estuary. The change in direction seems to repeat, but the frequency does not allow to identify a clear cycle 

with a fixed duration. In the northern part of the estuary the migration of the channel and the erosion of the 

shoreline has prolonged over a period of at least 30 years. 

5.2 Forecasts & bandwidth 

The changes in tidal-channel position and migration have been erratic and mechanisms that explain the 

differences are difficult to identify. The erosion of the shorelines is therefore unpredictable, especially over 

periods longer than a few years. For the prediction of the shoreline development in the next five years the 

observations have been extrapolated with the large-scale channel dynamics in mind. Over prolonged periods 

(20 to 50 years) a much larger area is prone to erosion by the migration of the channels. The entire coastal 

plain may in fact be subject to erosion at this time scale. 

Area 1. 

In the northern area the erosion of the western shore is expected to continue for 

the next five years, leading to a maximum coastal retreat of several hundreds of 

m. This erosion is not likely to occur along the entire shoreline, but the exact 

location of channel migration shifts and is hard to pinpoint.  

Area 2. 

Recent developments (since 2017) in the southern part of the estuary show the 

development of a new tidal channel in the center of the estuary, that seems to 

take over the role of the migrating channel on the western shore. Within one to a 

few years the erosion on the western shore is expected to stop. The amount of 

expected maximum erosion is 0 to 100m in the northern part of this area for the 
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next few years and gradually increase when moving to the south, where erosion may still reach a distance of 

1 km. Erosion further to the south of Area 2 (south of the sand bar that is developing off the coast), of the 

eastern shore can be expected with migration of the central channel to the east. Further to the south there is 

no development of a central channel and the erosion of the western shore is expected to continue. The 

erosion in this part of the estuary may continue for some years at the current extreme rates of over 1 

km/year.  

The effects of accelerated sea-level rise will be limited for the Sittaung estuary and its shorelines. There is an 

abundance of sediment available in the system that allows for buildup of the coastal plain and estuary at 

rates up to at least 4 cm/year. The already extremely dynamic nature of the estuary and its shorelines will not 

change due to the effect of accelerated sea-level rise.  

Climate change may result in an even more peaked river discharge during the rainy season. Although much 

of the flood waters will be accommodated in the coastal plain, the increase in peak discharge may results in 

additional channel migration in the upstream areas regions of the river, which could lead to a shift of the 

entire river belt to the west ultimately affecting a large inhabited area. Monitoring of the developments is 

therefore important to recognize such system-wide changes well in time. 

 

5.3 Adaptation strategy: managed retreat  

A number of structural measures and system interventions to combat coastal erosion have been examined 

and compared. Measures and interventions to effectively stop or reduce the erosion of the shoreline do need 

to tackle the migration of the channels. This can be achieved with „hard‟ measures on the channel slope and 

bank, with „hard‟ referring to rock, concrete or other solid materials. Alternatively, „soft‟ solutions, meaning 

interventions with sand or mud may be used.  

„Hard‟ protective measures that protect the full channel slope and bank, can take the form of a horizontal 

rock riprap apron (generally known as a „falling apron‟). Such measures need to stretch over the entire length 

of shoreline (i.e. over lengths from 10 to 20 km) that need protection and the flow conditions do require 

considerable rock dimensions. A „soft‟ intervention to reduce the migration of the tidal channel is for example 

the full blocking of the southern entrance to the channel with dredged sediments. Such an intervention will 

require the dredging and dumping of nearly 20 Mm
3
 of sand and mud and would require a major engineering 

effort in this setting.  

The costs of possibly effective structural measures and system interventions have been compared with their 

potential benefits, in terms of protected values and this yields the conclusion that the costs outweigh the 

benefits. Adaptive use of the land i.e. managed coastal retreat and increased adaptive capacity of the 

communities, is a viable alternative. This may be facilitated by the use of mobile infrastructure and 

accommodations (housing, schools, water tanks).  

Monitoring of the actual development of the shorelines, tidal channel and critical points is a key element for 

any (adaptive) strategy for the Bago Region and Mon State, given the rapid and unpredictable changes that 

occur in the estuary. Interpretation of the publicly available satellite images in combination with observations 

in the field will provide up-to-date information that allows adequate management decisions. A yearly analysis 

by two designated specialists from the regions is suggested. 

The following is recommended: 
• Focus on a strategy of managed-coastal retreat for the Gulf of Mottama shorelines; 
• Facilitate managed-coastal retreat with investments in reusable and transportable housing, schools and 

infrastructure; 
• Monitor the tidal level with respect to a national datum; and 
• Monitor the yearly developments of the shorelines and the tidal-channels and update the predicted 

coastal retreat, in order to inform the inhabitants on the time window for reallocation.   
• To further the understanding of the system behavior, take core samples at a few locations (Appendix A) 

and determine the presence of erosion resistant materials in the deeper segments.   
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