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GAUGE DENSITY

Grid Area Number of ng Number of Meets the reason-
o rain?all represented stations per gble.minimum ob-
km stations by 1 station 1000 km@ jective
(1 gauge/
1000 km?)
'97.32 12100 1 12100 0.1 No
97.33 12100 5 2400 0.4 No
97.34 12100 2 6100 0.2 No
97.35 12100 21 600 1.7 Yes
97.36 12100 1k ‘ 900 1.2 Yes
98.32 12100 13 900 1.1 Yes
98.33 12100 20 600 1.6 Yes
98.34 12100 19 600 1.6 Yes
98.35 12100 39 300 3.2 Yes
99.32 - 2200 8 300 3.6 Yes
99.33 6700 32 200 4.8 Yes
99.34 12100 4o 300 3.3 Yes
99.35 12100 14 900 1.2 Yes
100.34 7600 15 500 2.0 Yes
100.35 12100 20 600 1.7 Yes
100.36 12100 L 3000 0.3 No
100.37 12100 9 1300 0.7 No
101.34 3300 8 400 2.7 Yes
101.35 6500 3 2200 0.5 No
101.36 7800 1 7800 6.1 No
101.37 7100 L 1800 0.6 No
Average 10000 14 700 1.4 Yes

8 . L . . .
Table 3.2 Rainfall statlon density for different grid squares for

Iringa, Mbeya and Ruvuma regions.



X X Average
Station Station Operation Period of Relia- \ No. of |[gap length
Number Name Region ResponsibilitylObservation |[Visited |bility [Exposure | Gaps (weeks)

|
97.3200 Gua Kijijini Mbeys Kilimo 1957-79 Yes Good Good L 97.9
97.3201 Mafyeko Mbeya Private 1975-79 Yes Fair Good S 14.9
97.3300 Kipembave Mbeya Maji 1957-19 Yes No recs. 6 162.8
97.3302 Mtanila Mbeya Mission 1976-T9 Yes Fair Fair 1 200.1
97.3303 Mafyeko Mbeya 1977-79 Yes Fair Good 1 4.3
97.3400 Mkupule Iringa Maji 1960-T9 Yes Good Good 10 24,3 |
97.3401 Msembe Iringa Maji 1967-T9 Yes Fair Good 5 8.6 ,
97.3500 Iringa Rec.0ff.| Iringa Kilimo 1926-79 3 345.6 1
97.3502 Irole Mission Iringa Mission 1959-79 Yes Good Good 6 16.7
97.3503 Tosamaganga Iringa Private 1957-T4 Yes Fair Good 1 L.L
97.3504 Kimande Iringa Private 1957-79 Yes Good Good 10 3.3
97.3507 Ihimbu Farm Iringa Private 1957-79 Yes Good Fair 2 €.6
97.3508 Idodi Iringa Kilimo 1957-79 11 35.0
97.3509 Igumbiro Iringa 1957-59 1 L7.7
97.3510 Ismani Iringsa Xilimo 1957-79 14 38.1
97.3511 Mtera Iringas Mall 1959-79 Yes Good Good L 14,1 i
97.3513 Nduli Airfield Iringe DOM 19959-79 Yes Good Good bl 2.3 !
97.351L Iringa-Maji Iringa Maji 1960-79 Yes Good Good 7 144 .
97.3515 Seatondale Exp. | Iringa Kilimo 1961-T9 Yes Good Good 7 2L.8 i
97.3516 Mxwawa Sec.Sch.| Iringa Private 196L-79 Yes Fair Good 14 22.3
97.3517 Nzihi Iringe Kilimo 1970-72 2 13.1
97.3518 Kitayawa Irings Kilimo 1970-T4 8 8.z
37.3519 Luganga Kilolo Iringa Kilimo 1974 -79 Yes Fair Fair 2 115.9
G7.3520 Pawaga Iringa Kilimo 1972-72 0 0.0 '
97.3521 Nzihi Lutega Iringa Kilimo 1972-79 g 23.2
97.3522 lzazi Iringa Private 1974-79 1 17.1
97.3523 Nyangolo Iringa Private 1974-79 L 21.%
97.352k l1zazi Maji Iringa Maji 1976-79 Yes Bad Good 1 17.%
97.3601 Madizini Estate{ Morogoro 1957-64 3 10.2
97.3602 Kisawasawa Miss{ Morogoro Mission 1957-62 L 16.4
97.3603 Ilula Mission Iringa Mission 1957-79 Yes Good Fair 13 18.8
97.3604 Sanje Estate Morogoro 1957-67 u 36.0
97.3605 Mazombe Iringa Kilimo 1958-19 14 u6.7
97.3606 Malolo 1960-76 9 23.2
97.3607 Ulaya Morogoro 1960-76 3 20.3
| 97.3608 Kisanga Msolwa | Morogoro 1961-75 6 10.9
i 97.3609 Senjo Iringa 1963-71 y 12.0
97.3610 Ichonde Iringa 1963-67 L 13.1
97.3611 Mikumi MOrogoro 197C-T4 2 [N
97.3612 Lyassa (Image) Iringa Private 1970-79 Yes Good Good 5 11.2
97.3613 Mahenge Iringa Kilimo 1971 -76 Yes No recs.|{No rain
(Mtandika) Gauge 3 106.0
97.361L Ipera Iringa 1975-76 1 4.3
98. 3200 Saza Mine Mbeya 1958-58 0 0.0
98.3202 Mxulwe Mission Mbeya Mission 1957-75 9 21.5
! 98.3203 Rukwa Hotel Nveya 1957-64 9 43.5
' 98.320b Makachese Mbeya 1957-57 1 30.6
| 98.3205 Kampunda Rukwa 1957-57 1 30.6
' 98,3206 Itumbi Mbeya 1957-62 2 8.7 |
| 98.3207 Laela Rukwva 1957-58 2 19.7 |
98,3208 Laela Mission Rukva Mission 1958-58 1 30.6 )
| 98,3209 | Kamsamba Meya Mission 1958-Th 6 7.7 !
1 98.3210 Mvambani Mbeya Private 1972-79 Yes Good Fair 1 u.L l
i 98.3213 Miyunge Mbeya Private 1977-19 2 8.6 !
¢ 98.3300 Mbeya Bomani Moeya Kilimo 1928-73 3 3.7 |
* 98,3301 Mbeya Airport Mbeya DOM 1957-79 Yes Good Good 1 L.k
98.3302 Churya Mbeya Kilirme 1957-79 8 16.3 !
98.3303 Ailsa Farm « Mbeya 1957-5T < i 16.5
93.3309 Galula H/Met Mbeya Maji 195T7-79 Yes Rad Good & 98.7
98.331¢C irambo Mission | Mbeys Mission 1957-19 15 18.5
98.3311 Ntumbi Mbeya 1957-63 2 21.9
98.3313 Gungutas Reefs | Mbeya 1958-12 2 i 380.4 i
98.3314 Mbeya School Mbeya Private 1957-63 | 3 1 L5.1 !
98.3315 Kawetere Mbeya Forestry 1957-19 i 5 i 8.8 l
98.3316 Lasibilo Farm Mbeya Private 1957-79 i 2 ! 2.6 |
98.3317 Nzovwe Mbeya Mission 1957-79 12 | 51,7 !
98.3318 Lupatingatinga | Mbeya Private 1957-79 Yes Bad Good 6 i 8.1 ;
: 98.3319 Magoya Mission | Mbeya Mission 1958-66 4 £3.8 !
' 98.3320 Mbeya Maji Mbeya Maji 1961-719 Yes Good i Fair S 2.2 :
98,3321 Utengule ' !
P.V. School Mbeya 196L-64 0 2. ,
98,3322 Mbeya Range Mbeya Forestry 1963-71 6 31.2 :
98.3323 Lupa N. Fcrest | Mbeya 1963-63 . 1 17.4 i
98.3324 Mwamban i Mbeya Mission 1965-79 Yes Fair =~ Fair 6 u9.7 :
98.3325 Uyole Marti Mbeya DOM 1970-19 : 1 8.7
98.3L00 Madibira | Mbeya Maji 1957-79 Good 1| Good 4 5.5
98.3401 Malangali Sch. | Iringa Private 1957-19 ' 3 1€2.0 :
98.3402 Chimala River
Farm Mbeya 1957-73 i 3 ¢ 271.0 i
98,3403 Rujewa Mission | Mbeya Mission 1957-79 1 ; | AT,
98.3L0k Ilembula Mis. iringa Mission 195769 5 13.1
98.3u05 Luhanyana Farm  Iringa 1957-63 2 26.1
98.3L06 Igava Moeya Maji 1957-79 Yes Good Gocd 5 15.7
98.3407 Wangingombe Iringa 1958-6C 3 11.7
J
8 . . .
Table 3.3 - Rainfall station description.



| T Average
Station Station Operatiou Period of Relia- No. of | gap lengs»
Number Name Region esponcibilityl Observation[Visited |bility |Exposure | Gaps (veeks)
98.3408 Mbarali irr.farm| Mbeya Kilimo 1957-1979 12 158
98. 3L09 Chimala N.D. Mbeya , |1958-1965 P 5 3L.9
98.3L10 Kimani Mbeya Maji 1956-1979 [ 28.3
98.3k11"  |[Saja Iringa Kilimo 19€2-1979 yes goed good 9 13.6
98.3b412 Chimala Mbeya Private 197C-1979 & L.z
98.3413 Matamba Mbeya Private 1971-1979 S 12.2
98,341k Mayale Village Iringa Private 197L-1979 L L8,k
98.3415 Wangingonbe Iringa Private 1974-1979 yes good good 1 Ll
98.3L16 Uhenga Uj. Vill.| Iringa private 1974-1979 yes gocd gcod 6 13.7
98.3L17 Kijombe village| Iringa Private 1974-1979 2 23.6
98.3418 Lyadebwe village| Irings Private 1974-1979 A 21.4
98. 3502 Iheme Iringa 1958-1958 b 21.9
98.35C5 Dunsandle estate| Iringa 1957-1960 2 26.3
98,3507 Mufindi Forest Iringa Forestry 1957-1979 1h 31.1
98.3509 Kilima Iringa Private 1957-1979 yes good good 5 4.4
98.3511 Mkewe estate Iringa Private 1957-1971 2 47.9
98.3513 Wasa Mission Iringa Mission 1957-1979 yes good good 2 t11.6
98.3515 Ifuenga Farm Irings 1972-1972 2 8.8
98.3517 Ulete Mission Iringa Mission 1957-1979 yes good good L 6.5
98,3519 Ifupira Mufindi | Iringa Private 1957-1979 yes good good o ».3
98.3520 Kinoga Mufindi Tringa Private 1957-1960 1 L.3
98.3521 Kidope Mufindi Iringa Private 1957-1979 yes fair fair k 7.6
9. 3522 Luiga Mufindi Iringa Private 1957-1979 yes fair fair T L.y
98.3523 Luisenga Mufindi| Iringa Private 1957-1975 2 348
98.3524 Kivere Mufindi Iringa Private 1957-1979 good good S 7.1
98.3525 Idebe Tea Co. Iringa Private 1957-1979 good good 1C 5.2
98.3526 Echidna Tea Co. Iringa Private 1957-1979 good good 0 0.0
98.3527 Matitu estate Iringa 1957-1972 2 382.6
98,3528 Tuferu Iringa 1957-1960 2 12.9
98.3529 Irundi Farm Iringa . 1957-1957 1 35.C
98.3530 Kalinga Forest Iringa Forestry 1957-1979 1L 25.3
98.3531 Itanga Estate Iringe 1957-19(1 i 30.6
98.3532 Mninga Iringa 1957-1959 2 6.6
98.3533 Johns Corner Iringa Kilimo 1959-1979 yes fair fair 7 3L.8
98.3534 Matugutu Iringa Private 1961-1979 yes good geod k] 10.1
98.3535 Irundi Hill Iringa Forestry 1960-1979 8 39.3
98.3536 Irundi Hill N. Iringa Forestry 1963-1979 7 LG.6
98,3537 Irundi Office A.| Iringa Forestry 196L-1979 & 33.
96.3538 Ngwazi Iringa Maji 1967-1970 yes good fair 2 19.6
98.3539 Mafinga Iringa Private 1967-1979 yes fair good 12 15.7
i 98.354L0 Sao Hill livest.| iringa Private 1970-1979 yes good good I 13,1
1 98,3541 Luganga Kilolo Irings Kilimo 1972-1973 yes fair good 2 13.1
. 98.35L2 Sadani Iringa Private 1972-1979 S 2h.1
98.35L3 Kibengu Iringa Kilimo 1972-1979 L 38.9
98, 35Lk Usokami Iringa Private 1972-1979 3 92.17
98,3546 Kasanga Iringa Kilimo 1972-1979 1 198.0
98.3547 Mabanda Iringa Private 1972-1979 2 8.6
98.35L8 Mufindi Bomani Iringa Kilimo 1972-1979 T 36.3
98.3550 Boma la Ngombe Irings Private 1974-1679 2 4s5.L
98.355€ Dabage Seed Farm{ Iringa Private 1979-1979 yes good good o] 0.¢
59.3202  |Komera Coffe Est} Mveya 1957-1962 6 5.8
39.3204 Erik Est., Mbozi| Mbeya 11957-196L 3 18.9
99.3205 Mbimba Research Mbeya Kilimo 1950-1979 4 16.3
P 99,3208 Mlowo Mission Mbeya Mission 1957-1979 4 i7.5
' 99,3209 Chiwanda Mbeya Private 196L-1979 yes good fair 6 25.4
99.3210 Igamba Mbeya Kilimo 1971-1979 L 55.0
P 99.3211 Kapele Mbeya Kilimo 1974-1979 3 89.2
1 §9.3212 Mwenge Mbeya Private 1974-1979 6 28.0
99.3300 Musekera Estate Mbeya Frivate 1957-1979 2 93.1
39.3302 Tukuyu Bomani Mbeya Kilimo 1926-1979 yes fair fair 7 [}
39.3304 Rungwe Tea Est. Mbeya Private '1957-1979 yes fair bad 2 26.1
99.33205 Mwitika Fstate Mbeya Private '1957-1979 L &.5
99.3306 Manow Mission Mbeya 13957-1959 z 4.5
99.3307 Tukuyu Hogpital | Mveya Private 11957-1979 yes good good S 22.5
99.321C Kyela Hospital Mreya Private 1957-1979 | yes fair i bad L 29.0
99.3211 Makete Leprosy Mbeya Private 1957-1979 J 1 8.7
99.3313 Rungwe Sec.Sch Mbeya Private 1957-1972 yes no recs. 6 15.9
99.331k Mlowo Farm Mbeya 1957-1964 0 ¢.0
99.3315 Nyara Estate Mbeya Private 1957-1979 L S3.7
99.3216 Chivarjee Tea E.[ Mbeya Private 1957-1979 yes good good 8 11.0
99.3317 Itumba Mbeya 1957-1967 S .6l
499.3318 Ipinde Middle S | Mbeya Private 1957-1965 13 16.5
99.3319 Panda Hill Mbeya 1957-196) ? 17.%
99.332¢C Njugilo Mbeya Kilimo 1957-1979 3 21.5
99.3321 Mitalula Exp. Mbeya Kilimo !1959-1979 1 4.3
99.3322 Mwakeleli Middle
School Iringa Private 11959-1967 2 30,6
99.3323 Kiganga Coffee Mteya Private 1959-1979 ] hk
$9.332L Kiwira Mbeya Frivate 1956-197G yes cair good 11 20.6
L3325 Isangati Mbeya Private 1956-1979 . S 20.8
L3326 Mvalupindi Mbeya Private 1961-1979 yes bad good 18 23.06
3327 Bungwe Pr. Sch, Mbeya Frivate 1961-1979 yes tad gocd 22 3D Y
3328 igembe Mbeya Private l1961-1670 1 o

“able 3.38 - Rainfall station
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i tAverage
Station Station Operation Period of Relia~ No. of igap length
Number Naxe Region Responsibility|Observation [Visited |bility [Exposure | Gaps ({weeks)
T |
99.3329 Ndara Agric. Mbeya Kilimo 1961-~79 6 1 Lg.5 |
99.3330 Kimombo Pyr/vatt]{ Mbeya Forestry 1962-79 10 i 33.9
99.3331 Santilys Mbeya Private 1965-19 5 25.0
99.3332 Yvama ext.Pr.Sch Mbeya Private 196574 2 187.0
99.3333 Kiwira Mbeya Forestry 1966-79 Yes fair Bad 5 4.8
99,333k Ihindi State Mbeya Forestry 1971-72 b c.0
99.3335 Itope-Tenende Mbeya Maji 1971-79 Yes Good Fair 9 20.8
99.3339 Manow Jt.Scheme | Mbeya Kilimo 1974-79 3 10.0
99,3400 Milo Mission Iringa Mission 1926-66 8 44,2
99.3401 Njombe Bomani Iringa Kilimo 1957-80 Yes Bad Bad 6 5.1 ;
99.3405 Uvemba Mission Iringa Mission 1957-6k L uL.6 X
99.3408 Kipengere Iringa Mission 1957-19 L 36.4 i
99.3k09 Madunda Iringa Mission 1937-19 5 66.6 |
99.3410 Lugalava Iringa Mission 1957-79 3 13.0 !
99,3411 Makete H/Met .
(Bulongws) Iringa Maji 1578-79 1 L.3 ;
99.3u12 Sofulke Est.Ltd. Iringa Private 195T-Th 6 18.1
99,3413 Luponde Farm Iringa Kilimo 1957-19 2 8.8
99,341% Njombe Wattle !
Research Iringa Private 1957-80 Yes Good | Good 2 8.8
99.3416 Lupalilo N.A.ScH Iringa Private 1957-64 7 18.8
99.3417 Mdopi Farm Iringa Private 1957-63 3 11.7
99.3418 Tanganyika i
Wattle I Iringa Private 1957-79 Yes Good Gocd i 3 10.2
99,3419 Tangany ika 1
Wattle II Iringa Private 1957-19 Yes Good Good 5 19.5
99,3420 Tanganyika
Wattle III Iringa Private 1957-80 Yes Good Good S 7.9
99.3L421 Tanganyika
Wattle IV Iringa Private 1957-79 Yes Good Good u 8.1
99.3422 Tanganyika :
Wattle V Iringa Private 1957-80 Yes Good Good L 1.7 |
96.3423 Dansland Farm Iringa Private 1957-79 2 8.8
99.3L2L Ichengs Iringa Kilimo 1958-79 1 L.3 !
99.3k425 Tandale Iringa 1958-63 5 15.7 '
99.3426 Lusitu Iringa Private 1956-19 1 bk |
9G.3427 Helvetina Farm Iringa Private 1960-19 u 8.8 !
99.3L28 Linstock Farm Iringa Private 1962-63 2 8.7
99.3429 lgeri (Pyrethr) ) !
Agromet Iringa DOM 1963-79 | 0 0.0 |
99,3430 Itope Iringa 196hL-72 b4 32.7 .
99.3431 Uwemba Tea Est. | Iringa Private 1967-79 1 L.3
99.3432 Igosi Village Iringa Kilimo 1970-79 5 . 8.9
99.3433 Nyumbanitu
Wattle Co. Iringa Private 1972-79 Yes Good Good 1 60.0
99.3bL3k Wangama Wattle
Co. Ltd. Iringa Private 1972-79 Yes Good Good 0 0.0
99.3435 Wangama Village | Iringa Kilimo 1972-72 1 boer
99.3436 1gvachanys Iringa Mission 1972-19 Q 9.0
99,3437 Matema Mbeya Kilimo 1976-79 3 37.1
99,3438 Mahalule Farm Iringa Private 1975-79 3 5.7 ,
99.3439 Kilolelo Farm Iringa Private 1975-79 o} 0.0
99,3440 Maboga Ruvume Maji 1976-76 0 0.5
99.34k2 Mahclogwa Iringa Private 1977-79 1 s1l.k |
99.,3bLL3 Kilondo Iringa Private 1976-79 3 L1.4 :
99.34kY Ligumbilo Iringa Private 1976-79 0 0.0 |
99.34u6 Kiyombo Iringa Private 1976-79 ! L 22.5
i 99.34k7 Mlangali Iringe Private 1977-19 i 3 22.9
‘ 99.3502 Ifinga Mission Morogoro Mission 1957-19 L 61.3 i
1 99.3503 Kifanya Mission Iringa Mission 1957-79 S 59.6
99.3504 Lupembe Estate Iringa Private 1957-79 3 L4
99.3505 Matembwe Iringa Mission 1957-79 3 71.3
99.3506 Mahanje Ruvuma Mission 1957-19 Yes Good Fair 6 10.2
99.3507 Taveta Morogora Mission 1957-79 8 13.0
99.3508 Mfrika Estate Iringa 1957-6L 3 L.y
99.3509 Ukalawa Tea Iringa Private 1971-79 3 H L.2 1
99.3510 Lupembe Tea ‘ I
Project Iringa Private 1971-79 5 L1138
99.3511 Matetercka Ruvuma Private 1975-79 ( 3 20.14
99.3512 Masigira Ruvuma Maji 1974-79 Yes Geod Gocd 8 g.?
99.3513 Mavanga Iringa Privste 1976-79 3 DU |
99.351h Madaba Ruvuma Maji 1977-19 Yes [ Good 1 6.8
99.3515 Ndoleleji
Wattle Co. Ruvuma Private 1975-79 Yes Good Good 2 T7.6
100.3400 Lituhi Mission Iringa Mission 1926-79 L 29.1
100. 3401 Litembo Mission | Ruvuma Mission 1997-79 Yes fajr Fair 7 7.5
100.3402 Manda Iringa Fisheries 1971-73 ' 2 17.4
100.3403 Ruanda Ruvuma Missicn 1957-79 Yes Good | Fair 10 12.7
100.3405 Lupingu Iringa Mission 1957-19 ? 3.0
100.3406 Luilo Ruvuma Mission 1657-79 3 . 8.8
100.3410 Ndengo-Mbinga Ruvuma Kilico 1965-19 Yes Good Gaood ) 39.0
100.3k11 | Rudewa Village Iringa Kilimo 1971-79 | S 30.3 H
100.3u12 Matiri Ruvuma Mission 1973-19 3 81.1
100.3u1k | Miyso Exp. Ruvuma Kilimo 1975-16 i1 8.7
150.3415 Mkumbi Ruvuma Mission 1976-79 l H 1 137.9
| |
8 . . .
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E Averuge
Station Station Operation Period of Reiia~ 1 No. of lgap length
Nucber Nacze Region Resgonsibility|Observation [Visited |bility |Exposure | Caps (weexs)
! R i
100. 3416 Makonde Iringe Private v 1976-79 3 10.0
100.3417 Mbwila Iringa“ Private 1976-79 y 13.9
100.3418 Lifua Iringa Private 1976-79 3 o3
100.3420 Mhumb 1 Ruvuma Maji 1976-79 1 L7,
100. 3500 Songea 2nd Order] Ruvuma 1926-5¢6 0 0.0
100.3502 Kigonserua Ruvuma Private 195T7-7¢ Yes No Recs.|No. Recs. T 52.8
100. 3503 Matimira Ruvuma Mission 1957-79 7 1.9
100.350% Mgazini Ruvuma Mission 1957-79 L Wk
100.3506 Peramiho Ruvuma Mission 1957-79 Yes Good Good 2 4.1 .
100.3507 Magagula Ruvuma Mission 1957-77 1 152.0
100.3508 Mbinga Ruvuma Mission 1957-76 Yes No Recs.| No Recs, 7 82.6
100.3%09 Ligera Ruvuma Mission 1957-79 Yes Bad Bad 5 11.3 .
10C.351¢C Songea Air Field Ruvuma DOM 1957-79 Yes Good Good Y 11.k i
100.3511 Hanga Estate Ruvuma Mission 1958-79 Yes Fair Fair € 20.4 ;
100.3512 Ngoni Matengo . ;
Seed Farm Ruvuma Private 1958-176 Yes 6 3L,
100.3513 Likonde Seminary| Ruvuma Mission 1965-79 Yes Fair Good 10 1L .4 !
100,351k Songea Bomani Ruvuma Kilimo 1965-19 Yes Fair Good L 28.3 :
100.3515 Matogoro Ruvuma Forestry 1965-19 1 L.y :
100.3516 Gumbiro Ruvuma Private 1971-79 Yes Fair Good 8 1.7 )
100. 3517 Mputa Settlement| Ruvuma Private 1971-79 Yes Fair Fair 6 11.7 |
106.3518 Mlale Ruvuma Private 1973-79 2 4.3 !
100.3520 Litumba Ndyosi Ruvums Maji 1976-79 2 10.7
160.3521 Mbinga Bomani Ruvuma Kilimo 1977-79 Yes Fair Fair 3 16.0 1
100. 3600 Nyamtumbo School| Ruvuma Private 1957-76 8 118.0 I
160. 3601 Hulia Ruvuma Private 1967-19 6 21.0
100.3602 Namanica Ruvuma Kilimo 1970-76 Yes No Recs. | No Recs. L 96.1
105.3603 Suluti Exp. Ravuma Kilimo 19711-29 Yes Good Good 2 L3 [
1G60.3700 | Mindu Mission Ruvuma Mission 1957-62 3 58,8 !
00,3701 Puchapucha Ruvuma 1957-62 ? 78.L
10C.3702 Nakapanya Ruvuma Kilimo 1970-Th N 14':'.'7 .
100.3703 Muhuwesi River Ruvuma Maji 1970-79 L 0.1 }
100.37Ck Nampungu Ruvuma Private 1971-75 6 38.1
1090.370% Nandembo Ruvuma Private 1971-79 1 4.3 .
100.3706 Matemanga Ruvuma Kilimo 1970-79 5 18.3 |
100.3707 Lumesule | Mtwara 1970-T1 3 23.3
100.3708 Ngongowele Pr.S.1 Mtwara Private 1976-76 1 21.9 I
101.3401 Liuli Mission Ruvuma Mission 1957-62 8 19.6 |
101.3402 Mango Mission Ruvume Mission 1957-65 5 L8.9 !
101.3k03 Mbamba Bay Ruvuma Cust. Author ) 2 3(_).5 |
101.3k05 Mpapa Matengo Ruvuma Forestry 1957-79 Yes Fair Bad 7 5.6
101.3406 Chiwvanda Ruvuma Kilimo 1973-75 1 139.1
101.3407 Lundo Ruvuma Kilimo 1967-19 ) 8 10.3
101.3408 Ndengu Exp. Ruvuma Kilimo 1976-19 Yes Fair Good 6 6.5
101.3409 Mbamba Bay Ruvuma Maji 1977-79 Yes Good Good 8 6.0
101.3501 Liparamba Ruvuma Mission 195T-79 6 31-9
101.3502 Mhukuru Settlmt. Ruvuma Kilimo 1969-79 . 2 1 118.2
101.350L Mhinga Village Ruvuma Maji 1977-79 Yes Fair Good 0 0.0
101.3603 Maundi Ruvuma Maji 1974-79 6 5.8
101.3700 Tunduru Bomani Ruvuma Kilimo 1926-79 5 L.3 J
101.3701 Nemasakata Ruvuma . 1957-61 3 19.0 i
101.3702 | Visikani | Ruvuna 1957-58 2 2kl
101.3703 Misechela- ! :
Namasakata | Ruvura Private 1970-79 1 ‘ 25.7
i 101.370L Nalasi i Ruvuma Private 1971-75 L l

Table 3.38

- Rainfall station description, cont'd.



Station Station Value of events (mm) for return
No. periods (years)

2 5 10 15 20 30
Nduli Airport 97.3513 650 790 860 900 920 950
Mbeya Airport 98.3301 970 1080 1130 1160 1180 1200
Madibira 98,3400 850 1060 1180 1230 1270 1310
Igawa 98,3406 750 880 960 990 1010 104O
Chivanjee Tea Estate 99.3316 2520 2910 3090 3180 3240 3260
Njombe Wattle Research 99.3415 1200 1350 1430 1470 1490 1510
Igeri Agromet Station 99.3429 1370 1540 1620 1670 1690 1720
Songea Airport 100.3510 1140 1320 1k10 1460 1490 1530

8
Table 3.7  Frequency analysis of annual

maximum precipitation.

Station Station Value of events (mm) for return
No. periods (years)
2 5 10 15 20 30

Nduli Airport 97.3513 650 510 Lhko koo 380 350
Mbeya Airport 98.3301 970 850 790 760 ThO 720
Madibira 98.3400 850 640 520 W70 430 390
Igava 98.3L06 750 620 540 510 490 460
Chiwanjee Tea Estate 99.3316 2520 2150 1960 1870 1810 1790
Njombe Wattle Research  99.3415 1200 1050 970 930 910 890
Igeri Agromet Station 99.3429 1370 1200 1120 1070 1050 1030
Songea Airport 100.3510 1140 960 870 820 790 750

Table 3.88 Frequency analysis of annual minimum precipitation.



T = recurrence interval
x = total annual rainfall
x = mean annual rainfall

oy= standard deviation

Station No. Mean Annual Standard
Rainfall deviation
mm mm
97.3513 650 163
98.3301 965 137
98.3400 854 256
98.3406 752 162
99.3316 2526 ‘ 438
99.3415 1192 | 173
99.3k29 : 1373 198
100.3510 1141 213

8 . . . .
Table 3.11 Distribution function and parameters for cal:ulatizn of recurrence

intervals.
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Reorganisation and storage of data

The database has been constructed using rainfall observations for 279
stations in total. The data was obtained from East African Meteorological
Department on three magnetic tapes each containing observations correspon-
ding to a specific timespan (tape 1: 1926-T0, tape 2: 1971-Th, tape 3:
1975-76). The data was blocked month by month, but unfortunately by means
of three different block-structures and representations. The preliminary
analysis of the tapes showed, however, that no consistent system had been
used in the creation of these: observations from the same station were
spread unchronologically throughout the tape, and identical blocks were
encountered quite frequently. There were no indications of missing obser-
vations, when the "shut-down'-period exceeded one month. These difficulti-
es implied that a thorough sorting-job was required. For each tape the
observations had to be gathered chronoclogically station by station, and
subsequently stored with station code number in ascending order. Eventual-
ly the records from all three tapes were merged and transferred to a more
suitable block structure, each block containing one year of observations.
The reorganisation also included automatic indication of missing months.
The information thus transferred was adapted to the serviceprograms,
developed for the hydro-data database. Minor changes to this software

were necessary in order to provide print and plot representation of £he

observations. Examples are given in Annex A of this note.

Preliminary statistical analysis

In order to assess the quality and range of data recorded for the indivi-
dual stations, it was decided to carry out a first order statistical
analysis of all stations on the tape. This analysis was arranged to provi-

de information on the following properties:

- monthly values, and - if possible -~ annual totals for each year.
- no. of rainy days - monthly and annually - for each year.

- statistics for the entire record-period, including mean value, mean
standard deviation, and coefficient of variation, for monthly as well

as for annual values of precipitation and number of rainy days.



Introduction

This note describes the work involved in the setting up of a rainfall
database containing data observed in Iringa, Ruvuma and Mbeya regions
in Tanzania. The work has been performed by DHI (Danish Hydraulic

Institute) in cooperation with CCKK, and it is based on rainfall data

received from East African Meteorological Department, Nairobi, Kenya.

The final storage of data has been done in exactly the same way as
discharge data is stored by Maji on the ICL-computer in Dar es Salaam.
This allows for a direct transfer of the base to Tanzania, where it may

be operated by slightly modified Maji-soft-ware.



A computerprintout of the results for station 97.3200 is included in
Annex A. Note that the printing of asteriks indicates, that one or more
values within the record are punched as missing values. In such cases

months or years containing missing values are omitted from the statistics.



Precipitation
example of data lay-outs

and statistics for station 97.3200.
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STATFON CODE MO, 27230200
Ao PRECIFITATION (MM}

YEAR 1969

Al IAN FEH MAR AFK MAY JUN Jut AUG SEV cooct NOV (1%
5 AL IR S S ¢ S R : : : S 3 ST 2
3 0.0 0.0 0.0 Q.0 . . . . .0 Q.0 26.7
4 3.8 0.6 0.0 3.0 . . . . . . 0.0 8.0
b 1:3 R § ‘0:8 : : : : : : 3: 3:3
2 . . - . . . . .
g '35 8:8 ) 8:3 : : : : : : 8: 8.§
3 °5:8 8:8 3 8:8 : : : : 8: : 28 g9
i 80 48 88 : 3 : 12 S 5 3: §:9
13 0.0 6.3 5. 2%, . 0. . . . ;:l‘ 2.8
14 9.0 2.0 S. $7.8 . . . . 24, 010
12 8:3 3:3 3 8:8 : : : : 188 8:8
1 4% ' % 3:8 : -8 : °:§ §:o ‘§:z
2 . N . .
3 36 313 3 3:8 . R : 0.0 0.6 38.6
M 0.0 2.5 0.0 0.0 Q. 0. . . . . 4. 1.7
; k . . . : 10 6.4
3 89 o3 8 98 : 1% : : ; : 2 48
2 . . . . . . . .
S 99 '3:8 \gﬁ 0.0 : . . . . . 0. 2.8
RS 192 0.9 9. 5 : : N : : . 0! 80
38 A28 1§ 3: 53 : : : : 8: : 3 3:3
32 88 3:8 8: 8:8 : : : : 8: : 3: 3:9
:!u 3801 0.0 Mle 0.0 0 0 : 0. o. 0.0 9.0

‘\;l':c‘_ 2‘:!!,3 '?2‘6 !?%.5 \?3.1 ‘2-6 8.0 8.0 8.0 8.0 1"?,1 |'_'3.4 1?2.6 YEI\F_;viOOU.;’

PRECIPITATION STATIST ICS — TANZIANIA
STATICN CODF NI = <rINCQT DHI MO = [}
YEAR JAN fEB MAR

1937 MONTHLY UM (MM)
MO OF RAINY CAYS

1598 MONTILY UM (l-; 1279 9.3 30.1
L] tay: 14 1 14

3¥7.2 4327 1243
as 21 a1

RAINY 2
NCATMLY SU4 (Ww) 6.7 7.4 82.3
NO OF RAIMY DAYS ? . ]
1980 MONTHLY SUM (M) 149.3 9.3 140.8
MO OF RAINY CAYS 12 ° 13

1961 ATNTHLY SUM (MN) 162.9 IITe 0 268.9
MO OF MAINY CAYS 1 22 20

1962 MONMTHLY SUM (WM) 288, 8 160. 8 200.2
KO OF RAINY CAYS 1’ 2 1?7

1963 HONTHIALY U (MM) 13647 115.1 194,10
MO DF RAINY DAYS L] . 14

1964 ACNTIAY BUN (MM) 2097 193e1 206.0
NO OF RAINY OAYS 28 19 2

1963 NCNTHLY 3UM 8‘4; 8% .8 3o 188, 2
NO OF RAINY OAY k4 10 12

1668 MONTMLY 33U (M)
NO OF RAINY [AYS

1867 MONTHLY 3JUM (mM) 36.3 16144 129.8
NO OF RAINY LAYS b4 L] [ ]

127.9 133.9 377.0
18 12 25

1968  MCNTMLY SUA (MM)  177.3  128¢¢  290+4 1022.2
NO OF RAIYY DAYS t . 16 14l

1969 MCNTMLY 3UM (MNM)  293.3  116e6 159.3 1731 1%.6 188.6 1008+2 °
MO OF RAINY CAYS 13 14 12 10 . 1s 7

1870 MONTMLY U4 (M)  207.8  133.6 0.0 LI Y 1163.7
NO OF RATHY CAYS 14 18 ) 20 [

1$71 MCNTHLY 3UN (m%)  118.9 *1e7 000 23801 [}
NG OF RAINY CAYS 13 16 o 20

1972 BONTILY SUN (NN) 1717 18247 ss000n Laddied
NO OF Raltiy CAYS 18 11 see .se

STATISTICS FOR THE CNTIRE PIFIODE NF 16 YEARS

Qe NC 1e 16 16 14 14 %] 14 18 18 1e 14 1s 13

APCUNT OF BAECINITATIN (MH)

MEAN 16647  164.9  201.0 118.7 16.7 0.0 0.0 0.0 0.9 20.4

878 72,8 170.1 80,06 48,4 28.3 040 0.0 0.0 2e M.

STD/mMeAN O.e4 0eb1 0.40 0.4y 1469 0.8 0.0 0.0 2.6 1.9

NO CF RAINY DAYS

e 14.2 131 15.3 1t.8 1.5 0.0 0.0 0.0 Qo2 1.6 8.1

31D 3T N 409 40 1.8 %0 000 0¢0 008 2.6 8.7

STD/MEAN Je40 7440 0432 0439 1419 0.0 0.0 0.0 2.70 180 0.7 0.23
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Refers to Volume 7, Cha_p_ter 4.
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— Pan evaporation data availability.
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Altitude Mean ann.

Station Station Operation Period of Relia- (m above pan evap.
Number Name Region Responsibility Record Visited Dbility Exposure sea lev.}in mm(x0.T)
96,3301 Rungva Mbeya Maji 1977-80 Yes Good Good 1220 1427
97.3401 Msembe Iringa Maji - Yes Bad Good 192 Unreliable
. . records
97.3511 Mtera Iringa Maji 1962-79 Yes Good Good 683 2261
97.3513 Nduli Iringe DOM 1973-79 Yes Good Good 1428 1412
97.352% Izazi Maji Iringa Maji Yes Bad Good Unrelieble
records
98.3301 Mbeya Airfield Mbeya DOM 1971-79 Yes Good Good 17%0 1332
98.3309 Galula Mbeya Maji 1977-80 Yes Bad Good 850 1930
98.3318 Lupatingstinga Mbeya Maji 1977-80 Yes Bad Good 13712 1187
98,3400 Madibira Iringa Maji 1967-80 Good Good 1150 1394
98.3L06 Igava Mbeya Maji 1963-80 Yes Good Good 1067 1779
98.3408  Mbarali Mbeya Maji 1965-T6 1055 1835
98.3538 Ngwazi Iringa Consultants Yes Fair 1830
(Maji)
98.3540 Sao Hill Livest 1Iringa Consultants Yes Good 2073
{Maji)
99.3316 Chivanju Mbeya Maji 1977-80 Yes Good Good 10687 1016
99.332k Kiwira Pr. Sch. Mbeya Consultants Yes Good 1360
(Maji)
99.3326 Mvalupindi Mbeya Consultants Yes Good 2135
Pr. Sch. (Maji)
99.3335 Itope-Tenende Mbeya Maji 1963-80 Yes Good Fair sk9 1516
99.3411 Bulongwa Iringa Maji 1977-80 2135 8ko
99.3514 Madaba Ruvuma Maji 1977-80 Yes Good Good 1670 1277
100.3510 Songea Airport  Ruvuma - DOM 1971-75 Yes Good Good 110C 1279
101,3409 Mbambe Bay Ruvuma Maji 1677-80 Yes Good Good k90 1417
Mngaka Msji Ruvuma Consultants Yes Good - 13Lo
(Maji)
Mbinga Maji Ruvume Consultants Yes Good 1340
(Maji)

Table h.l8 - List of evaporation pans.



Station: 96.3301 Rungwa

JAR FEB MAR APR MAY JUN JuL AUG SKP ocT Nov DEC ANNUAL
1977 N 88 117 128 10k 113 124 145 176 217 130 98 1533
1978 91 120 100 99 98 99 113 150 80 871
1979 113 86 115 103 91 99 52 124 206 ‘93
1980 85 120 93 101 111 109 111
Means 95 104 106 108 101 105 100 148 150 212 105 93

Sum of monthly means: 1hL27

Table h.28 - Adjusted monthly pan evaporation in mm (pan coefficient =
0.7).

Station: 97.3511 Mtera

JAN FEB MAR APR MAY JUN JUL AUG sw oCcT NoV DEC ANNUAL

1963 137 146 1M 179 184 191 303 236 172

1964 158 118 125 117 158 152 149 186 206 283 218

1965 145 137 193 191 195 181 216 230 268 268 212 210 2519
1966 17T 158 143 169 216 222 216 28 221 311 2L2

1967 185 161 160 137 155 163 1712 204 202 2u8 211

1968 125 127 135 132 166 16l 179 225 255 295 279 205 2293
1969 204 1% 209 21 a7 176 201 252 20 273 265

1970 101 119 137 142 166 162 178 198 243 288 290 155 2183
1971 128 92 161 162 184 159 176 209 2k0 280 276 191 226k
1972 153 98 126 163 176 154 173 197 236 259 216 178 2132
1973 118 126 168 155 185 158 171 160 236 282 235 179 2117
1974 165 172 195 11b 1k 1L8 147 193 221 257 252 201 2214
1975 1Lk 143 115 162 171 160 161 187 218 2Lk 285 160 2169
1976 158 19 135 156 176 158 179 203 F131 296 281 24§ 2380
1917 127 127 160 158 173 169 194 221 205 267 260 165 2280
1978 153 128 127 151 148 140 155 205 233 273 234 129 2081
1979 157 82 109 118 133 145 156 199 230 277 254 192 2055
Means 15C 132 150 15k 173 16k 177 205 229 275 262 190 2229

Sum of monthly means: 2261

8 . . .
Table 4.3~ - Adjusted monthly pan evaporation in mm (pan coefficient =
0.7).

Stetion: 97.3513 Nduli

JAN FEB MAR - APR MAY JUN JuL oG SEP ocT’ Nov DEC ANNUAL
1973 124 133 140 153 185 142 126
1974 101 116 75 13 92 88 105 141 133 101 1u8 120 1293
1975 102 100 82 10k 109 95 ' 151 ot 106
1976 109 92 95 84 10k 121 131 137 148 160 156 197 1496
1977 103 2] 105 73 9k 123 127 151 174 138 12k
1978 90 94 104 106 98 113 136 155 178 97
1979 T 85 12 90 111 117 171 151 128
Means 101 95 88 85 99 106 120 136 1L8 160 151 123 1395

Sum of monthly means: 1k12

8 .
Table 4.4” - Adjusted monthly pan evaporation in mm (pan coefficient =
0.7).



Station: 98.3301 Mveya Airfield

JAN FEB MAR APR MAY JUN JUL AUG SEP . ocT NOV DEC ANNUAL

1971 121 173 160

1972 17 130 95 132 97 N 116 1ks 160 164 119 124

1973 89 17 16 77 103 97 108 129 154 177 150 113 1346

197k 79 77 93 8u 90 9b 94 125 155 163 12 111 1307
£ 1975 89 96 95 9L 86 103 117 150 162 91

1976 87 76 89 Th 8s 86 96 111 141 145 137

1977 78 82 89 17 78 :

1978 . 140 76

1979 97 73 91 13 82 87 126 153

Means 85 81 90 81 89 93 106 126 153 162 145 109 1327

Sum of monthly means: 1332

Table h.58 - Adjusted monthly pan evaporation in mm (pan coefficient =

0.7).

Station: 98.3309 Galula

JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC  ANNUAL
1977 129 167 165 171 143 166 192 210 236 104 123

1978 118 99 110 160 192 208 237 255 120

1979 118 149 111 116 122 116 119 149 172 165

1980 156

Means 130 124 129 by 1L6 189 143 192 209 207 184 136

Sum of monthly means: 1930

Table h.68 - Adjusted monthly pan evaporation in mm (pan coefficient =
0.7).

Stetion: 99.3316 Chivanjee

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC ANNUAL
1977 99 8k 121 68 61 51 52 59 75 113 112

1978 69 €8 6h 175 L6 38 L3 Th ~Loe 157 129 T4 1657
1979 111 108 167 Ly 57 62 68 89 113 97 32

1980 63 75 113 78 60 L8 41 65 90 101 94

Means 77 1) 107 122 53 L9 50 €7 89 121

113 83

Sur of mcnthly means: 101€

Table h.78 - Adjusted monthly pan evaporation in mm (psn coefficient =
0.7).

Stetion: 98.33:8 Lupatingatinga

JAN FEB MAR APR MAY JUN JUL AUG SEP oct NovV SEC ANNUAL
19717 7€ 92 83 78 82 €3 102 182 23k 83 82 i8 1159
1978 &7 65 59 103 96 7L 102 132 139 30 59

1979 % 75 96 82 96 92 121 126 13C 139 67

1980 1.9 108 117 195 . 161 154 135

Means 90 85 39 92 21 73 1072 Lo Lo 12h 34 .o

Sum of monthly means: 1187

8 . . .
Table L.8” - Adjusted monthly pan eveporation in mm (pan coefficient =

0.7).



Statjon: 98.3400 Madibira

JAN 4] MAR APR MAY JUN JUL AUG SEP oCT KoV DEC ANNUAL
1967 80 115 117 137 154 14k 159 133 110
1968 93 123 82 149 99 106 126 99 1544 198 1kg 110 1483
1969 182 78 182 189 162 182 174 191 151 125
1970
1971 8y 88 102 143 138 1k9 151 138 125 121 112
1972 91 15 97 86 89 102 115 119 1ko 17 115 102 1282
1973 82 96 73 134 109 106 121 158
1974 162 142
1975 106 80 78 8l 97 100 108 125 130 136 123 60 1235
1976 95 86 73 104 102 108 115 134 141 142 130
1977 76 80 75 97 115 108 161 149 138 108
1978 136 76 76 67 97 90 10k 136 170 119 123 115 1309
1979 97 66 91 79 91 90 119 134 153 167 132 112 1336
1980 8L 89 8L 81 93 113 121 128 153 167
Means 106 85 87 85 112 115 122 134 150 155 13k 109 1329

Sum of monthly means: 1394

Table h.98 - Adjusted monthly pan evaporation in mm (pan coefficient =

0.7).

Station: 98.3406 Igawa

JAN YEB MAR APR MAY Jun JUuL AUG SEP oCT Hov DEC ANNUAL
1963 116 113 176 137 176 156 161 167 180 169 184
196 155 148 152 170 157 164 184 187 186 211 202 147 2069
1965 136 92 122 92 129 163 185 160 184 197 195 188 18L9
1966 120 81 99 105 136 108 158 179 197 130 175 137 1629
1967 106 103 95 111 123 131 152 165 202 138 N
1968 95 101 104 96 102 106 122 142 15k 184 1Lo 138 1488
1969  1b4 9k 108 105 132 128 142 160 180 171 185 170 1725
1970 92 97 100 114 133 129 187 138 179 13
1971 10k 123 139 106 135 122 130 157 161 71 157 143 1617
1912 127 101 135 97 134 128 149 162
1973
197h 126 132 157 20k 148
1975 120 125 111 128 1L2.2 143 156 189 191 219 2u2 1Ly 1914
1976 119 106 120 118 14k4.6 149 166 183 185 z2¢ 215 202 1931
1977 120 118 121 101 112.6 1Lk 178 206 187 167
1978 138 124 107 118 139.b 138 168 200 201 232 180 182 1932
1979 125 107 138 107 115.0 130 143 1k9 182 258 218 158 183k
1980 119 136 121 117 134.5 138 158 167 178 197 197 128 1794
Means 122 112 123 113 13k 1% 155 166 181 199 186 152 1799

Sum of monthly means: 1779

Table b,.lO8 - Adjusted monthly pan evaporation in mm (pan coefficient =
0.7).



Station: 98.3408 Mbarali

JAN FEB MAR APR MAY JUN . JuL AUG SEP ocT Nov DEC ANNUAL
1965 ) 165 160 104
1966 110 79 143 101 110 165 176 192 229 237 187 15k 1887
1967 148 119 15k 122 132 149 159 187 197 231 176 88 1867
1968 104 103 0L 117 121 ° 117 148 176 197 226 213 170 1801
1969 121 10k 126 128 137 1hb 170 192 213 253 224 176 1993
1970 99 9l 17 115 143 142 T 195 210. 240 224 108 1799
1971 121 Th 121 113 117 140 156 18k 199 225 193 147 1795
1972 123 99 108 119 130 130 - 164 188 212 238 199 128 18L3
1973 110 103 110 117 138 149 149 193 203 230 191 132 1830
1974 106 103 128 96 112 115 136- 180 214 232 210 - 160 1796
1975 125 115 106 121 123 119 169 184 198 212 1L1
1976 110 105 112 115 13k 1hb 171 212 212 256 188
Means 117 100 118 115 128 10 154 186 207 22k 204 142 18Le

Sum of monthly means: 1835

Table h.ll8 - Adjusted monthly pan evaporation in mm (pan coefficient

0.7).

Station: 99,3335 Tenende

JAK FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC ANNUAL
1963 115 101 ' 81 8s 110 136 167 125 120

196k 91 93 155 229 182 7 86 a7 86 175 204 L6 1627
1965 131 150 274 363 110 100 87 10k 125 131 1k2 111 1822
1966 19 103 113 215 154 70 S 140 128 112

1967 125 81 99 103 88 81 86 149 131 98 191

1968 92 109 259 235 272 81 8 11k 107 132 135 99 1719
1969 103 108 105 198 221

1970 97 147 220 168 90 92 62 106 130 127 93

1971 92 85 171 322 Kt 78 95 96 107 135 111 106 1479
1972 105 84 97 163 66 58 91 116 137 172 125

1973 93 90 117 82 76 113 73 93 146 L6 131 120 1284
1974 102 93 128 332 105 68 90 1C0 131 132 120

1975 123 124 1hy 175 136 226 15 11 75 78 99 100 14735
1976 92 112 193 143 253 80 75 65 6l 75 152

1977 139 65 192 215 229 Th 155 91 88 109 119 136 1629
1978 121 156 252 102 57 90 108 122 118 73

1979 78 90 114 133 12¢ 137

1980 95 96 132 82 291 T2 83 80 101 105

Means 106 106 1o 201 175 100 an a3 105 122 177 100 1676

Sun of monthly means: 1516

8 . . . .
Table L.12" - Adjusted monthly pan evaporation in mm (pan coefficient

0.7).



FAO/UNESCO/WMO AGROCLIMATOLOGY SURVEYS

EVAPORATION OF A FREE WATER SURFACE after PENMAN
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FAO/UNESCO/WMO AGROCLIMATOLOGY SURVEYS

POTENTIAL EVAPOTRANSPIRATION
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T°C 2000
0 0.86
1 0.92
2 0.97
3 1.04
4 1.11
5 1.17
6  1.25
7 1.33
8 1.41
9 1.50

10 1.59

11 1.68

12 1.78

13 1.89

14 2.00

15 2.11

16  2.24

17 2.37

18 2.51

19 2.65

20 2.80

21 2.95

22 3.11

23 3.29

24 3.46

25 3.64

26 13.84

27  4.04

28 4,25

TABLE X~

Table giving 4 po in function of T°C

Ype

and standard elevation in metres above or below sea level

2200

0.88
0.94
1.00
1.07
1.13

1.21

1.28
1.36
1.45
1.54

1.63

1.73
1.83
1.94
2.05

2.17
2.30
2.43
2.57
2.72

2.87

3.03
3.19
3.37
3.55

3.74
3.94
4.15

2400 -

0.90
0.96
1.03
1.09
1.16

1.24

1.31
1.40
1.48
1.58

1.67

1.77

1.87
1.99
2.10

2.22

2.36
2.50
2.64
2.79

2.94

3.11
3.28
3.46
3.64

2600 -

0.93
0.99
1.05
1.12
1.19

1.27
1.35
1.43
1.52
1.62

1.72
1.82
1.92
2.04
2.16

2.28
2.42
2.56
2.71
2.86

3.02

3.19
3.36
3.55
3.74

2800

0.95
1.01
1.07
1.15
1.22

1.30
1.38
1.47
1.56
1.66

1.76
1.86
1.97
2.09
2.21

2.34
2.48
2.62
2.77
2.93

3.09

3.26
3.44
3.63
3.83

Elevation in metres

2.40

2.54
2.69

2.84

3.00

3.17

3.35
3.53
3.72

3200

l.00
1.07

- 1.13

1.21
1.29

1.37
1.45
1.55
1.64
1.74

1.85
1.96
2.07
2.20
2.32

2.46
2.61
2.76
2.92

3.08.

3.26

3.44
3.62

3400

1.03
1.09
1.16
1.24
1.32

1.40
1.49
1.59
1.69
1.79

1.90
2.01
2.13
2.26
2.39

2.53
2.68
2.84
3.00
3.17

3.34
3.53

3600

1.05
1,12
1.20
1,27
1.36

1.44
1.53
1,63
1.73
1,84

1.95

2.07
2,18
2.32
2.45

2.59
2.75
2.91
3.08
3.25

3800

1.08
1.15
1.23
1.31
1.39

1.48
1.57
1.67
1.77
1.88

2.00
2.12
2.24
2.37
2.51

2.66
2.82
2.98
3.15
3.33

4000

1.11

1.18

1.26
1.34
1.43

1.51
1.61

1.71

1.82
1.93

2.05
2.17
2.30
2.43
2.58

2.72
2.89
3.06
3.23
3.42



-400

0.63
0.68
0.72
0.77
0.83

0.88
0.94
1.00
1.07
1.11

1.19
1.26
1.34
1.42
1.51

1.58
1.68
1.76
1.87
1.98

2.07

2.22
2.32
2.46
2.60

2.72
2.85
3.01
3.18
3.35

3.51
3.68
3.87
4.07
4.26
4.47

N b b b b b ek et e
. . . - * o . . .
w
o

Moo WWL W
* e o s o s

Y v
and standard elevation in metres above or below

Table giving 4 po in function of T°C

TABLE X

sea level

-200

0.65

-0 o
o
N

NN
O S
w
o0

Wwweo N
e e e s s
o
O

0.67
0.72
0.76
0.81
0.87

0.92
0.98
1.04

1.11.

1.17

1.25
1.32
1.40
1.48
1.57

1.66
1.76

1.86

1.97
2.08

2.19
2.32
2.44
2.58
2.72

2.86
3.01
3.17
3.34
3.51

3.69
3.88
4.07
4.27
4.48
4.71

200

0.69
0.74
0.78
0.83
0.89

-0.94

1.00
1.07
1.13
1.20

1.28
1.35
1.43
1.52
1.61

1.70
1.80
1.91
2.02

2.13°

2.25
2.37
2.50
2.64
2.78

2.93
3.09
3.25
3.42
3.60

3.78
3.98
4.18
4.38
4.59
4.83

400

0.71
0.75
0.80
0.86
0.91

0.97
1.03
1.09
1.16
1.23

1.31
1.39
1.47
1.55
1.64

1.74
1.85
1.95
2.06
2.18

2.30

2.43
2.56
2.71
2.85

3.00
3.16
3.33
3.50
3.68

3.87
4.07
4.28
4,48
4.70

4.95

Elevation in metres

600

0.72
0.77
0.82
0.88
0.93

0-99
1.05
1.12
1.19
1.26

1.34
1.42
1.50
1.59
1.68

1.78
1.89
2.00
2.11
2.23

2.36
2.49
2.63
2.77
2.92

3.08
3.24
3.41
3.59
3.77

3.97
$.17
4.38
4.59
4.82
5.06

800

0.74
0.79
0.84
0.90
0.96

1.01
1.08
1.15
1.22
1.29

1.37
1.45
1.54
1.63
1.72

1.82
1.94
2.05
2.17
2.29

2.42
2.55
2.69
2.84
2.99

3.15
3.32
3.49
3.67
3.86

4.06
4.27
4.49

-1000

0.76
0.81
0.86
n.92
0.98

1.04
1.10
1.17
1.25
1.32

1.41
1.49
1.57
1.67
1.77

1.87
1.98
2.10
2.22
2.34

2.47
2.61
2.75
2.90
3.06

3.22
3.40
3.57
3.76
3.95

4.16
4.37
4.59
4.81

1200

0.78
0.83
0.88
0.94
1.00

1.07
1.13
1.21
1.28
1.36

1.44
1.53
1.62
1.71
1.81

-1.92

2.04
2.15
2.28
2.40

2.54
2.68
2.R3
2.98
3.14

3.31
3.49
3.67
31.86
4.06

4.27
4.49
4.71

rLOLWW
Pt
-
o

1400

0.80
0.85
0.91
0.97
.03

[

O I N I S W S T
. . . . . . - . [ - .
) o N
- o ~

WWNNN
0
=]

& o
n
o

1600

0.82
0.R7
0.93
0.99
1.05

. 1.12

1.19
1.27
1.35
1.43

1.52

1.61

1.70
1.80
1.91

2.02
2.14
2.26
2.39
2.53

2.67
2.82
2.97
3.13
3.30

3.48
3.66
3.86
4.06
4,27

1800

0.84
0.89
0.95
1.01
1.08

1.15
1.22
1.30
1.38
1.46

1.55
1.65
1.724
1.84
1.95

2.06
2.19
2.32
2.45
2.59

2.73
2.88
3.04
3.21
3.38

3.56
3.75
3.95
4.15

4.37



Expression

b

HOWOSNOOUVSWNN O

0.0

0 130
0.325
0.520
0.715
0.910
1.105
1.300
1.495
1.690
1.885
2.080
2.275

Expression

(S ’
OV NOUSWLWNKFHDO

0.0

0.130
0.343
0.556
0.770
0.983
1.196
1.409
1.622
1.836
2.049
2.262
2.475

Expression

-

= OoOWwWoM NOUWLmSWNKEFO O

0.0

0.130
0.361
0.593
0.824
1.056
1.287
1.518
1.750
1.981
2.213
2.444
2.675

0.26 (0.5 + 0.75.U) where wind speed (U) is expressed in
. ' -for 14°C ‘

.150
.345
.540
.735
.930
.125
1.320
1.515
1.710
1.905
2.100

MOO0OO0OO0OO O

0.26 (0.

0.1

0.151
0.365
0.578
0.791
1.004
1.217
1:431
1.644
1.857
2.070
2.283

0.26 (0.

0.153
0.385
0.616
0.847
1.079
1.310
1.542
1.773
2.004
2.236
2.467

TABLE IX - U

Evaporation of a free water surface

0.2

0.169
0.364

0.559

0.754
0.949
1.144
1.339
1.534%
1.729
1.924
2.119

5+ 0

0.2

0.173
0.386
0.599
0.812
1.025
1.239
1:452
1.665
1.878
2.091
2.305

.176
.408
.639
.870
.102
.333
.565
.796
.027
2,259
2.490

NMHMFHFHPFFOOOO O

0.3

0.189
0.384
0.579
0.774
0.969
1.164
1.359
1.554
1.749
1.944
2.139

.82.U) where wind speed (U) is expressed in
for 15°C

0.3

0.194
0.407
0.620
0.834
1.047
1.260
1.473
1.686
1.900
2.113
2.326

.89.U) where wind speed (U) is expressed in
for_16°C < T .

0.3

0.199
0.431
0.662
0.894
1.125
1.356
1.588
1.819
2.051
2.282
2.513

0.4

0.208
0.403
0.598
0.793
0.988
1.183

1.378 °

1.573
1.768
"1.963
2.158

0.4

0.215
0.428
0.642

0.855.

1.068
1.281

1.494 .

1.708
1.921
2.134
1 2.347

£

.223
454
.685
.917
.148
.380

.842
.074
.305
.537

NN HREERRMOOOO ©

611"

< TM - Tﬁ~5 15°C

0.5

0.228
0.423
0.618
0.813
1.008

1.203°
1.398

1.593
1.788
1.983

2.178-

< TM

0.5

0.237
0.450

0.663

0.876

.1.089
1.303
‘1516

1.729
1.942
2.155

2.369

M
0.5

0.246

0.477
0.709
0.940
1.171
1.403

-1.634

1.866
2.097
2.328
2.560

0.6

0.247
0.442
0.637
0.832
1.027
‘1.222
1.417
1.612
1.807
2.002
"2.197

- T
m
0.6

0.269
0.500
0.732
0.963
1.194
1.426
1.657
1.889
2.120
2.351
2.583

0.7

0.267
0.462
0.657

~0.852

1.047
1.242
1.437
1.632
1.827
2.022
2.217

- T, < 16°C
0.6 0.7
0.258 0.279
0.471 0.492
0.684 0.706"
0.898 0.919
1.111 1.132
1.324 1.345
1.537 1.558
1.750° 1.772
1.964 1.985
2.177 2.198
2.390 2.411

.292
.523
.755
.986
.218

.680
.912
.143
.375
.606

NN O0OO0O00 O

o469

0.8

0.286
0.481
0.676
0.871
1.066

1.261.

1.456
1.651
1.846
2.041
2.236

0.8

0.301
0.514
0.727
0.940
1.153
1.367
1.580
1.793
2.006
2.219
2.433

0.8

0.315
0.547
0.778
.009
.241
472
.704
.935
.166
.398
.629

NN N

m/sec

0.9

0.306
0.501
0.696
0.891
1.086
1.281
1.476

1.671

1.866
2.061
2.256

m/sec

0.9

0.322
0.535
0.748
.961
175
.388
.601
.814
.027
.241
.454

NN O

m/sec

.338
.570
.801
.032
.264
.495
.727
.958
.189
421
.652

NN~ 000 o



" TABLE IX - U

Evaporation of a free water surface

Expression 0.26 (0.5 + O. 54 U) where wind speed (U) 1is expressed in m/sec
for T - T < 12° C

U 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.130 0.144 0.158 0.172 0.186 0.200 0.214 0.228  0.242 0.256
1 0.270 0.284 0.298 0.313 0.327 0.341 0.355 0.369 0.383 0.397
2 0.411 0.425 0.439 0.453 0.467 0.481 0.495 0.509 0.523 0.537
3 0.551 0,565 0.579 0.593 0.607 0.621 0.635 0.649  0.664 0.678
4 0.692 0.706 0.720 0.734 0.748 0.762 0.776 0.790 0.804 0.818
5 0.832 0.846 0.860 0.874 0.888 0.902 0.916 0.930 0.944 0.958
6 0.972 0.986 1.000 1.015 1.029 1.043 1.057 1.071 1.085 1.099
7 1.113 1,127 1.141 1.155 1.169 1.183 1.197 1.211 1.225 1.239
8 1.253 1.267 1.281 1.295 1.309 1.323 1.337 1.351 1.366 1.380
9 1.394 1.408 1.422 1.436 1.450 1.464 1.478 1.492 1.506 1.520
10 1.534 1,548 1.562 1.576 1.590 1.604 1 618 1.632 1.646 1.660
11 1.674 '

Expression 0.26 (0.5 + 0.61.U) where wind speed (U) is expressed in m/sec
for 12°c < T, - T, < 13°C

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.130 0.146 0.162 0.178 0.193 0.209 0.225 0.241 0.257 0.273
0.289 0.304 0.320 0.336 0.352 0.368 0.384 0.400 0.415 0.431
0.447 0.463 0.479 0.495 0.511 0.527 0.542 0.558 0.574 0.590
0.606 0.622 0.638 0.653 0.669 0.685 0.701 0.717 0.733 0.749
0.764 0,780 0.796 0.812 0.828 0.844 0.860 0.875 0.891 0.907
0.923 0.939 0.955 0.971 0.986 1.002 1.018 1.034 1.050 1.066
1.082 1.097 1.113 1.129 1.145 1.161 1,177 1.193 1.208 1.224
1.240 1.256 1.272 1.288 1.304 1.320 1.335 1.351 1.367 1.383
'1.399 1.415 1.431 1.446 1.462 1.478 1.494 1.510 1.526 1.542
1.557 1.573 1.589 1.605 1.621 1.637 1.653 1.668 1.684 1.700
10 1.716 1.732 1.748 1.764 1.779 1.795 1.811 1.827 1.843 1.859

11 1.875

VoONOTUVMSEWN-D o

Expression 0.26 (0.5 + 0.68.U) where wind speed (U) is expressed in m/sec
' for 13°C < Ty ~ T < 14°C

U 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.130 0.148 0.165 0.183 0.201¥ 0.218 0.236 0.254 0.271 0.289
1 0.307 0.324 0.342 0.360 0.378 0.395 0.413 0.431 0.448 0.466
2 0.484 0.501 0.519 0.537 0.554 0.572 0.590 0.607 0.625 0.643
3 0.660 0.678 0.696 0.713 0.731 0.749 0.766 0.784 0.802 0.820
4 0.837 0.855 0.873 0.890 0.908 0.926 0.943 0.961 0.979° 0.996
5 1.014 1.032 1.049 1,067 1.085 1.102 1.120 1.138 1.155 1.173
6 1.191 1.208 1.226 1.244 1.262 1.279 1.297 1.315 1.332 1.350
7 1.368 1.385 1.403 1.421 1.438 -1.456 1,474 1.491 1.509 1.527
8 1.544 1.562 1.580 1.597 1.615 1.633 1.650 1.668 1.686 1.704
9 1.721 1.739 1.757 1.774 1.792 1.810 1.827 1.845 1.863 1.880
0 1.898 1.916 1.933 1.951 1.969 1.986 2.004 2.022 2,039 2.057
1 2.075

1
1



Expression

-

[

oW oSNV WLWNHO

0.0

0.260
0.455
0.650
0.845
1.040
1.235
1.430
1.625
1.820
2.015
2.210

Expression

fo

(=}

oW ATV EBWNHFHO

0.0

0.260
0.473
0.686
0.900
1.113
1.326
1.539
1.752
1.966
2,179
2,392

Expression

[

[ =

OV NOOTULEWN MO

0.260
0.491
0.723
0.954
1.186
1.417
1.648
1.880
2.111
2.343
2.574

0.26 (1

0.280
0.475
0.670
0.865
1.060
1.255
1.450
1.645
1.840
2,035
2.230

0.26 (1

0.281
0.495
0.708
0.921
1.134
1.347
1.561
1.774
1.987
2.200
2,413

0.26 (1

0.283
0.515
0.746
0.977
1.209
1.440
1.672
1.903
2.134
2.366
2.597

+

o

NN -0 000

.299
.494
.689
.884
.079
274
.469
.664
.859
.054
. 249

[=)

NNNMEMNMSEOOOO

o

NNNFEFMPMRBEOOO

.3G63
.516
.729
.942

.369
.582
.735
.008
.221
.435

.306
.538
.769
.000
.232
.463

.926
.157
.389
.620

TABLE VIII - U

Potential evapotranspiration

0.75U) where wind speed (U) is expressed in m/sec

N
‘©

NNERRMHEEMOOOO

0.82U)

N
(=)

155

NN HKEEHEOOOO

0.89U)

N
(=]

695

NN - OO0

°C <
for 14°C TM

.3 0.4

.319 0.338
.514 0.533
.709 0.728
.904 0.923
.099 1.118
.294 1.313
.489 1.508
.684 1.703
.879 1.898
.074 2,093
.269 2.288

- T
m

(=]
w

HMMHOO00O0
O
&
w

< 15°C

0.6 0.7 0.8 0.9
0.377 0.397 0.416 0.436
0.572 0.592 0.611 0.631
0.767 0.787 0.806 0.826
0.962 0.982 1.001 1.021
1.157 1.177 1.196 1.216
1.352 1.372 1.391 1.411
1.547 1.567 1.586 1.606
1.742 1.762 1.781 1.801
1.937 1.957 1.976 1.996
2.132 2.152 2.171 2.191
2.327 2.347 2.366 2.386

where wind speed (U) is expressed in m/sec

for 15°C < T

.3 0.4

.324 0.345
.537 0.558
.750 0.772
.964 0.985
.177 1.198
390 1.411
.603 1.624
.816 1.838
.030 2.051
.243 2.264
456 2.477

M Tm

0.5

0.367
0.580
0.793
1.006
1.219
1.433
1.646
1.859
2.072
2.285
2.499

< 16°C

0.6 0.7 0.8 0.9

0.388 0.409 0.431 0.452
0.601L 0.622 0.644 0.665
0.814 0.836 0.857 0.878
1.028 1.049 1.070 1.091
1.24Y 1.262 1.283 1.305
1,456 1,475 1.497 1.518
1.667 1.688 1.710 1.731
1.880 1,902 1.923 1.944
2.094 2.115 2.136 2.157
2.307 2.328 2.349 2.371
2.520 2.541 2.563 2.584

wvhere wind speed (U) is expressed in m/sec

for 16°C < T

3 0.4

.329 0.353
.561 0.584
.792 0.815
.024  1.047
.255 1.278
.486 1.510
718 1.741
.949 1.972
.181 2,204
412 2,435

.643 2,667

M Tm

NH MO0 O
w
o
'—l

0.6 0.7 0.8 0.9

0.399 0.422 0.445 0.468
0.630 0.653 0.677 0.700
0.862 0.885 0.908 0.931
1.093 1.116 1.139 1.162
1.324 1.348 1.371 1.39
1.556 1.579 1.602 1.625
1.787 1.810 1.834 1.857
2.019 2.042 2.065 2.088
2.250 2.273 2.296 2.319
2.481 2.505 2.528 2.551
2.713 2.736 2.759 2.782



TABLE VIII - U

Potential evépotransgiration

Expression 0.26 (1 + 0.54U) where wind speed (U) is expressed in m/sec

for T, - T, < 12°C _

U 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.260 0.274 0.288 0.302 0.316 0.330 0.344 0.358 0.372 0.386
1 0.400 0.414 0.428 0.443 0.457 0.471 0.485 0.499 0.513 0.527
2 0.541 0.555 0.569 0.583 0.597 0.611 0.625 0.639 0.653 0.667
3 0.681 0.695 0.709 0.723 0.737 0.751 0.765 0.779 0.794 0.808
L, 0.822 0.836 0.850 0.864 0.878 0.892 0.906 0.920 0.934 0,948
5 0.962 0.976 0.990 1.004 1.018 1.032 1.046 1.060 1.074 1.088
6 1,102 1.116 1.130 1.145 1.159 1.173 1.187 1.201 1.215 1.229
7 1.243 1.257 1.271 1.285 1.299 1.313 1.327 1.341 1.355 1.369
8 1.383 1.397 1.411 1.425 1.439 1.453 1.467 1.481 1.496 1.510
9 1.524 1.538 1.552 1.566 1.580 1.594 1.608 1.622 1.636 1.650
10

1.664 1.678 1.692 1.706 1.720 1.734 1.748 1.762 1.776 1.790

Expression 0.26 (1 + 0.61U) where wind speed (U) is expressed in m/sec

(-] [
for 12°C <« TM - Tm < 13°C

U 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.260 0.276 ©0.292 0.308 0.323 0.339 0.355 0.371 0.387 0.403
1 0.419 0.434 0.450 0.466 0.482 0.498 0.514 0.530 0.545 0.561
2 0.577 0.593 0.609 0.625 0.641 0.657 0.672 0.688 0,704 0.720
3 0.736 0.752 0.768 0.783 0.799 0.815 0.831 0.847 0.863 0.879
4 0.894 0.910 0.926 0.942 0.958 0.974 0.990 1.005 1.021 1.037
5 1.053 1.069 1.085 1.101 1.116 1.132 1.148 1.164 1.180 1.196
6 1.212 1.227 1.243 1.259 1.275 1.291 1.307 1.323 1.338 1.354
7 1.370 1.386 1.402 1.418 1.434 1.450 1.465 1.481 1.497 1.513
8 1.529 1.545 1.561 1.576 1.592 1.608 1.624 1.640 1.656 1.672
9 1.687 1.703 1.719 1.735 1.751 1.767 1.783 1.798 1.814 1.830
10 1.846 1.862 1.878 1.894 1.909 1.925 1.941 1.957 1.973 1.989

Expression 0.26 (1 + 0.68U) where wind speed (U) is expressed in n/sec

for 13°C < T. - T_ < 14°C
M m

u 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.260 0.278 0.295 0.313 0.331 0.348 0.366 0.384 0.401 0.419
1 0.437 0.454 0.472 0.490 0.508 0.525 0.543 0.561 0.578 0.596
2 0.614 0.631 0.649 0.667 0.684 0.702 ©0.720 0.737 0.755 0.773
3 0.790 0.808 0.826 0.843 0.861 0.879 0.896 0.914 0.932 0.950
4 0.967 0.985 1.003 1.020 1.038 1.056 1.073 1.091  1.109 1.126
5 1.144 1.162 1.179 1.197 1.215 1.232 1.250 1.268 1.285 1.303
6 1.321 1.338 1.356 1.374 1.392 1.409 1.427 1.445 1.462 1.480
7 1.498 1.515 1.533 1.551% 1.568 1.586 1.604 1.621 1.639 1.657
8 1.674 1,692 1.710 1.727 1.745 1.763 1.780 1.798 1.816 1.834
9 1.851 1.869 1.887 1.904 1.922 1.940 1.957 1.975 1.993 2.010
10 2.028 2.046 2.063 2.081 2.099 2.116 2.134 2.152 2.169 2.187



12,
13.
14.
14.
15.

17.
18.
19.
20.
21.

23.
24,
26.
28.
29.

31.
33.
35.
37.
40.

42.
LY
47,
50.

53

56.
59.
62.
66.
69.

.20

24
42
76
26
93

4.18
4.51
4.86
5.24
5.64
6.06

6.15
6.61
7.11
7.63
8.19

8.78
0 9.41
10.08
10.80
11.55

12.36
13.2)1
14.11
15.07
16.08

17.15
18.29
19.49
20.76
22.10

23.52
25.01
26.59
28.26
30.01

31.86
33.81
35.86
38-02
40.29

42.67
45.18
47.82
50.59
53.50

56.55
59.75
63.11
66.62
70.31

Saturation vapour pressure over water e,

TABLE VII

in millibars as function of T°C

0.2

[« QG IV, B o P R )

NN

10

.15

.48
.83

.20
.60
.02

.20
.66
.16

68

.24

.84
.48
10.

11.

12.
.30
14.
15.
16.

13

17.
18.
19.
20.
22.

23.
.17
26.

25

28

30.

32,

34

36.

38

40.

42
45

53

15
87
63

44

20
17
19

26
41
61
89
24

66

75
42
19

05
01
07
24
52

.92
Y
48.
50.

56.
60.
63.
.99
.69

66

70

09
87
80

86
08
45

(Smithsonian Table 1951)
0.

0.3

4.12
4.44
4.79
5.16
5.55
5.98

6.24
6.71
7.21
7.74
8.30

8.90
9.54
10.22
10.94
11.71

12.52
13.38
14.30
15.27
16.29

17.38
18.53
19.74
21.02
22.38

23.81
25.32
26.92
28.60
30.37

32.24
34.21
36.28
38.46
40.76

43.17
45.70
48.36
51.16
54.10

57.18
60.41
63.80
67.35
71.07

4

0.

Vi n &

VNN

5

.06
.38
.72
.08
.47
.89

.33
.81
.31
.85
.42

.03
.67
.36
.09
.87

.69
.56
.49
.47
.50

.60
.76
.99
.29
.66

11

.64
.25

95

.74

.63
.62
.71
.91
.23

.66
.22
.91
.74
.70

.81
.07
.49
.08
.83

0.

[V C RV R B

VNN

11

12.
.65
.38
.57
16.

13
14
15

17

18.
20.
21,
.80

22

24,
25.
.41

27

29.
30.

- 32.
34,
36.
39.
41.

43,
46.
49,
52.
55.

58.
.41

61

64.
68.
72.

6

.03
.34
.68
.05
.43
.85

.38
.86
.36
.90
48

.09
.74
10.
11.
.95

43
17

78

61

.71

88
12
L2

26
79

12
92

82
82
92
14
47

91
49
19
03
00

13
84

45
22

4.00
4.31
4.65
5.01
5.39
5.80

6.43
6.90
7.42
7.96
8.54

9.15
9.81
10.51
11.24
12.03

12.86
13.74
14 .68
15.67
16.72

17.83
19.00
20.24
21.56

22.94

24 .41
25.95
27.58
29.30
31.11

33.02
35.03
37.14
39.37
41.71

44 .17
46.75

" 49.47

52.32
55.31

58.45
61.74
65.20
68.82
72.61

Vo & Ww

Qo~NoOO>™

11
12

12
13
14
15

17

23

24

27
29
31

33
35
37

41
44
47

52
55

62
65

.97
.28
.61
.97
.35
.76

.47
.95
.47

.60

.22
.88
10.
.32
.11

58

.95
.83
.77
.77
16.

83

.94
19.
20.
21.
.09

12
37
69

.56
26.
.75
.48
.30

11

.21
.23
.36
39.

59

.95

.42
.02
49,
.61
.62

58.

75

77

.08
.55
69.
73.

19
00

W a8 2w

O oO~NSNO

13

13,
14,
15.
16.

18.
19.
20.
2]1.
23.

24,
26,
27.
29.
31.

33.
44
.58

35
37

39.
42,

44 .
47.
50.
52.
55.

59.
62.
65.
69.
73.

.94
.25
.58
.93
.31
.72

.52
.00

52

.07
.66

.28
.94
10.
1.
12,

65
40
19

03
93
87
87
94

06
25
50
83
23

71
27
92
65
48

41

82
19

67
28
03
90
93

10
42
91
56
39



TABLE

VI

Expression 0.9 — + Nn.1
n/N 0. 0.01 0.02 0.03 0.04 0.05 0.06 O©0.07 -0.08 0.09 {In/N
0.00J 0.10 o0.11 o0.12 0.13 0.14 0.15 0.15 0.16 0.17 0.18 J0.00
o0.10f 0.129 0.20 0.21 ©0.22 0.23 0.24 0.24 0.25 0.26 0.27 §0.10
0.20( 0.28 0.29 o©0.30 0.31 0.32 0.33 0.33 0n.34 0.35 0.36 §0.20
0.30| 0.37 0.38 0.39 0.40 0.41 0.42 0.42 0.43 0,44 0.45 {0.30
0.40)} 0.46 0.47 0.48 0.49 0.50 0.51 0.51 0.52 0.53 0.54 ]|]0.40
0.501 0.55 0.56 0©0.57 0.58 0.59 0.60 0.60 O0.61 0.62 0.63 [[0.50
0.60}§ 0.64 0.65 0.66 0.67 0.68 0.69 0.69 0.70 0.7 0.72 0.60
0.704 0.73 o0.74 0.75 0.76 0.77 0.78 0.78 0.79 0.80 0.81 t0.70
0.80) 0.82 0.83 0©0.84 O0.85 0.86 0.87 0.87 0.88 0.89 0.90 [|0o.80
0.90¢ 0.91 0.92 0.93 0.94 0.95 0.96 0.96 0.97 0.98 0.99 {|0.90
1.004 1.00 1.00




VoW O

11
12
13
14

15

16
17
18
19

20
21
22
23
24

25
26
27
28
29

30
31

32

33
34

35
36
37
38
39
40

0.38
0.37
0.35
0.34
0.32

0.31
0.30
0.29
0.28
0.26

0.25

0.24
0.23
0.23
0.22

0.21
0.20
0.19
0.18
0.17

0.16
0.16
0.15
0.14
0.13

0.13
0.12
0.I11
0.11
0.10

0.09
0.09
0.08
0.07
0.07
0.06

Expression of.0.56 - 0.079 Jed where e

TABLE V

pressure expressed in millibars

d

is vapour

0.38
0.37
0.35
0.34
0.32

0.31
0.30
0.29
0.28
0.26

0.25

0.24
0.23
0.22
0.22

0.21
0.20
0.19
0.18
0.17

0.16
0.16
0.15
0.14
0.13

0.13
0.12
0.11

S 0.10

0.10

0.09
0.09
0.08
0.07
0.07

0.2

0.38
0.36
0.35
0.33
0.32

0.31
0.30
0.28
0.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.20
0.19
0.18
0.17

0.16
0.16
0.15
0.14
0.13

0.13
0.12
0.11
0.10
0.10

0.09
0.09
0.08
0.07
0.07

0.3

0.38
0.36
0.35
0.33
0.32

0.31
0.30
0.28
0.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.20
0.19
0.18
0.17

0.16

0.16
0.15
0.14
0.13

0.13
0.12
0.11
0.10
0.10

0.09
0.08
0.08
0.07
0.06

0.4

0.38
0.36
0.34
0.33
0.32

0.31
0.29
0.28
0.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.19
0.19
0.18
0.17

0.16

0.15
0.15
0.14
0.13

0.12
0.12
0.11
0.10
0.10

0.09
0.08
0.08
0.07
0.06

0.5

0.37
0.36
0.34
0.33
0.32

0.30
0.29
0.28
0.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.19
0.19
0.18
0.17

0.16

0.15
0.15
0.14
0.13

0.12
0.12
0.11
0.10
0.10

0.09
0.08
0.08
0.07
0.06

0.6

Q.37
0.36
0.34
0.33
0.31

0.30
¢.29
0.28
0.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.19
0.18
0.17
0.17

0.16

0.15
0.15
0.14
0.13

0.12
0.12
0.11
0.10
0.10

0.09
6.08
0.08
0.07
0.06

0.37
0.36
0.34
0.33
0.31

0.30
0.29
0.28
n.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.19
0.18
0.17
0.17

0.16
0.15

0.14
0.14

0.13

0.12
0.12
0.11
0.10
0.09

0.09
0.08
0.08
0.07
0.06

0.37

0.35
0.34
0.32
0.31

0.30
0.29
0.28
0.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.19
0.18
0.17
0.17

0.16

0.15
0.14
0.14
0.13

0.12
0.11
0.11
0.10
0.09

0.09
.08
.07
.07
.06

OO OO

0.37
0.35
0.34
0.32
0.31

0.30
0.29
0.28
0.27
0.26

0.25

0.24
0.23
0.22
0.21

0.20
0.19
0.18
0.17
0.17

0.16

0.15
0.14
0.14
0.13

0.12
0.11
0.11
0.10

.09
.08
.07
.07
.06

[N NolNeRol



W =0 (@]

VO ~NO Wn

11
11
11
11
11

11
12
12

12
12

12
12
13
13

.13

13.

13
14
14
14

14
14

15.
15.
15.

15.
15,
16.
l6.
16.

16.
16.

17

17
17

.02
.18
.35
.31
.68

.85
.02
.20

.37
.55

.73
.91
.09
.28
.46

65
.84
.03
.23
.43

.62

.83
03
23
44

65
86
07
29
50

72
95

.17
17.
.65
.88

40

11.04
11.20
11.37
11.53
11.70

11.87
12.04

12.22

12.39
12.57

12.75
12.93
13.11
13.30
13.48

13.67
13.86
14.05
14.25
14.45

14.64
14.85
15.05
15.25
15.46

15.67
15.88
16.09
16.31
16.52

16.74
16.97
17.19
17.42
17.68
17.90

TABLE 1V

Blackbody radiation (03}(“) expressed in
nm of water in function of T°C

0.2 0.3 0.4 0.5 0.6 0.
11.06 11.08 11.09 11,10 11.12 11,
11.22 11.24 11.25 11.26 11.28 11.
11.39 11.41 11.42 11.43 11.45 11
11.55 11.%7 11.58 11.59 11.61 11
11.72 11.74 11.75 11.76 11.78 11.
11.89 11.90 11.92 11.94 11.96 11
12.06 12.08 12.09 12.10 12.12 12,
12.24 12.26 12.27 12.29 12,31 12
12.41 12.43 12.44 12.46 12.48 12
12.59 12.60 12.62 12.64 12.66 12
12.77 12.79 12.80 12.81 12.83 12
12.95 12.97 12.99 13.01 13.02 13.
13.13 13.14 13.16 13.18 13.20 13.
13.32 13.34 13.35 13.37 13.39 13.
13.50 13.52 13.54 13.55 13.57 13.
13.69 13.71 13.73 13.74 13.76 13.
13.88 13.90 13.92 13.94 13.95 13.
14.07 14.09 14.11 14.13 14.15 14,
14.27 14.29 14.31 14.33 14.35 14
14 .47 14.49 14,51 14.53 14.54 14
14.66 14 .68 14.70 14,73 14.75 14,
14.87 14.89 14.91 14.93 14.95 14
15.07 15.09 15.11 15.13 15.15 15.
15.27 15.29 15.31 15.34 15.36 15
15.48 15.50 15.52 15.55 15.57 15.
15.69 15.71 15.73 15.76 15.78 15,
15.90 15.92 15.94 15.97 15.99 16.
16.11 16.14 16.16 16.18 16.20 16.
16.33 16.35 16.37 16.40 16.42 16.
16.54 16.57 16.59 16.61 16.63 16.
16.77 16.79 16.81 16.84 16.86 16.
16.99 17.02 17.04 17.06 17.08 17.
17.22 17.24 17.26 17.29 17.31 17
17.45 17.47 17.49 17.52 17.54 17.
17.70 17.72 17.7% 17.77 17.719 17.
17.93 17.95 17.97 18.00 18.02 18.

14
30

.47

63
80

.97
.32
.50
.67

.85

04
23
41
59

78
97
17

.37
.56

77

.97

17

.38

59

80
01
22
44
65

88
10

.33

56
81
04

11
11
11

)
.31
.48

11.
11.

11

64
81

.98

12.
12.
.51

12

12.

12

16
34

69

.87

13.
13.
13.
13.

13.
13.
.19

14

14.
.58

14

14
14

06
25
43
61

80
99

39

.79

15.

15.

15.

15.

16.
16.

16.
16.

16.
17.
17.
.58

17
17

18.

.84

99
19
40
61

82
03
25
46
68

90

13
35

07

11,
11.
11

11.
.83

11

12.
.18
.36

.53
.71

12

12
12

12.
13,
13.
13.
13.

13.
14.
14.
.41

14

14.

14.
15.
15.
15,
15.

15.
16.
16.
16.
16.

16,
17.
.38
b1
.86

17
17
17

18.

12
33

.50

66

00

89
08
27
45
63

82
01
21

60

81
01
21
42
63

84
05
27
48
70
93
15

09



TABLE 111 ~ %

‘ X 0.75 for potential evapotranspiration of

///// vegetal cover
[a + b &)
N \\\\\ ‘

x 0.95 for evaporation from free water

C. Humid tropical zones - a = 0.29 b = 0.42

0.29 0.29 0.29

+ + +

0.42 0.42 0.42
n/N a/N  x0.75 x0.95{ n/N n/N x0.75 x0.95% n/N n/N x0.75 x0.95
0.01 0.29 0.22 0.28 0.34 0.43 0.32 0.41 0.67 0.57 0.43 0.54
0.02 0.30 0.22 0.28 0.35 0.44 0.33 0.42 0.68 0.58 0.43 0.55
0.03 0.30 0.23 0.29 0.36 0.44 0.33 0.42 0.69 0.58 0.43 0.55
0.04 0.31 0.23 0.29 0.37 0.45 0.33 0.42 0.70 0.58 0.44 0.55
0.05 0.31 0.23 0.30 0.38 0.45 0.34 0.43 0.71 0.59 0.44 0.56
0.06 0.32 0.24 0.30 0.39 0.45 0.34 0.43 0.72 0,59 0.44 0.56
0.07 0.32 0.24 0.30 0.40 0.46 0.3% 0.44 0.73 0.60 0.45 0.57
0.08 0.32 0.24 0.31 0.41 0.46 0.35 0.44 0.74 0.60 0.45 0.57
0.09 0.33 0.25 0.31 0.42 0.47 0.35 0.44 0.75 0.61 0.45 0.57
0.10 0.33 0.25 0.32 0.43 0.47 0.35 0.45 0.76 0.61 0.46 0.58
0.11 0.34 0.25 0.32 0.44 0.47 0.36 0.45 | 0.77 0.61 0.46 - 0.58
0.12 0.34 0.26 0.32 0.45 0.48 0.36 0.46 0.78 0.62 0.46 0.59
0.13 0.34 0.26 0.33 0.46 0.48 0.36 0.46 0.79 0.62 0.47 0.59
0.14 0.35 0.26 0.33 0.47 0.49 0.37 0.46 0.80 0.63 0.47 0.59
0.15 0.35 0.26 0.34 0.48 0.49 0.37 0.47 0.81 0.63 0.47 0.60
0.16 0.36 0.27 0.34 0.49 0.50 0.37 0.47 0.82 0.63 0.48 0.60
0.17 0.36 0.27 0.34 0.50 0.50 0.38 0.48 0.83 0.64 0.48 - 0.61
0.18 0.37 0.27 0.35 0.51 0.50 0.38 0.48 0.84 0.64 0.48 . 0.61
0.19 0.37 0.28 0.35 0.52 0.51 '0.38 0.48 0.85 0.65 0.49 0.61
0.20 0.37 0.28 0.36 0.53 0.51 0.38 0.49 0.86 0.65 0.49 0.62
0.21 0.38 0.28 0.36 0.54 0.52 0.39 0.49 0.87 0.66 0.49 0.62
0.22 0.38 0.29 0.36 0.55 0.52 1©0.39 0.49 0.88 0.66 0.49 0.63
0.23 0.39 0.29 0.37 0.56 0.53 0.39 0.50 0.89 0.66 0.50 0.63
0.24 0.39 0.29 0.37 0.57 0.53 0.40 0.50 0.90 0.67 0.50 0.63
0.25 0.40 0.30 0.38 0.58 0.53 0.40 0.51 0.91 0.67 0.50 0.64
0.26 0.40 0.30 0.38 0.59 0.54 0.40 0.51 0.92 0.68 0.51 0.64
0.27 0.40 0.30 0.38 0.60 0.54 0.41 0.51 0.93 0.68 0.51 0.65
0.28 0.41 0.31 0.39 0.61 0.55 0.41 0.52 0.94 0.68 0.51 0.65
0.29 0.41 0.31 0.39 0.62 0.55 0.41 0.52 0.95 0.69 0.52 0.65
0.30 0.42 0.31 0.40 0.63 0.55 0.42 0.53 0.96 0.69 0.52 0.66
0.31 0.42 0.32 0.40 0.64 0.56 0.42 0.53 0.97 0.70 0.52 0.66
0.32 0.42 0.32 0.40 0.65 0.56 0.42 0.53 0.98 0.70 0.53 0.67
0.33 0.43 0.32 0.41 0.66 0.57 0.43 0.54 0.99 0.71 0.53 0.67
' 1.00 0.71 0.53 0.67



TABLE II1 -

=|3

x.0.75 for potential evapotranspiration of
vegetal cover )

[a + b %](:::::

x 0.95 for evaporation from free water

[« NeNeleNoNololalaNeNeNololoNeNofolejojololNeNeNoleNolaReNoNoNoNol el

B.. Dry tropical zones - a = 0.25 b = 0.45
0.25 0.25 0.25
+ + ) +
0.45 ) 0.45 0.45
n/N x0.75 x0.95[ n/N n/N x0.75 x0.95( n/N n/N x0.75 x0.95
0.25 0.19 0.24 0.34 0.40 0.30 0.38 0.67 0.55 0.41 0.52
0.26 0.19 0.25 0.35 0.41 0.31 0.39 0.68 0.56 0.42 0.53
0.26 0.20 0.25 0.36 0.41 0.31 0.39 0.69 0.56 0.42 0.53
0.272 0.20 0.25 0.37 0.42 0.31 0.40 0.70 0.57 0.42 0.54
0.27 40.20 0.26 0.38 0.42 0.32 0.40 0.71 0.57 0.43 0.54
0.28 0.21 0.26 0.39 0.43 0.32 0.40 0.72 0.57 0.43 0.55
0.28 0.21 0.27 0.40 0.43 0.32 0.41 0.73 0.58 0.43 0.55
0.29 0.21 0.27 0.41 0.43 0.33 0.41 0.74 0.58 0.44  0.55
0.29 0.22 0.28 0.42 0.44 0.33 0.42 0.75 0.59 0.44 0.56
0.30 0.22 0.28 0.43 0.44 0.33 0.42 0.76 0.59 0.44 0.56
0.30 0.22 0.28 0.44 0.45 0.34 0.43 0.77 0.60 0.45 0.57
0.30 0.23 0.29 0.45 0.45 0.34 0.43 0.78 0.60 0.45 0.57
0.31 0.23 0.29 0.46 0.46 0.34 0.43 0.79 0.61 0.45 0.58
0.31 0.23 0.30 0.47 0.46 0.35 0.44 0.80 0.61 0.46 0.58
0.32 0.24 0.30 0.48 0.47 0.35 0.44 0.81 0.61 0.46 0.58
0.32 0.24 0.31 0.49 0.47 0.35 0.45 0.82 0.62 0.46 0.59
0.33 0.24 0.31 0.50 0.48 0.36 0.45 0.83 0.62 0.47 0.59
0.33 0.25 0.31 0.51 0.48 0.36 0.46 0.84 0.63 0.47 0.60
0.34 0.25 0.32 0.52 0.48 0.36 0.46 0.85 0.63 0.47 0.60
0.34 0.26 0.32 0.53 0.49 0.37 0.46 0.86 0.64 0.48 0.61
0.34 0.26 0.33 0.54 0.49 0.37 0.47 0.87 0.64 0.48 0.61
0.35 0.26 0.33 0.55 0.50 0.37 0.47 0.88 0.65 0.48 0.61
0.35 0.27 0.34 0.56 0.50 0.38 0.48 0.89 0.65 0.49 0.62
0.36 0.27 0.34 0.57 0.51 0.38 0.48 0.90 0.6 0.49 0.62
0.36 0.27 0.34 0.58 0.51 0.38 0.49 0.91 0.66 0.49 0.63
0.37 0.28 0.35 0.59 0.52 0.39 0.49 0.92 0.66 0.50 0.63
0.37 0.28 0.35 0.60 0.52 0.39 0.49 0.93 0.67 0.50 0.64
0.38 0.28 0.36 0.61 0.52 0.39 0.50 0.94 0.67 0.50 0.64
0.38 0.29 0.36 0.62 0.53 0.40 0.50 0.95 0.68 (.51 0.64
0.39 0.29 0.37 0.63 0.53 0.40 0.51 0.96 0.68 0.51 0.65
0.39 0.29 0.37 0.64 0.54 0.40 0.51 0.97 0.69 0.51 0.65
0.39 0.30 0.37 0.65 0.54 0.41 0.52 0.98 0.69 0.52 0.66
0.40 0.30 0.38 0.66 0.55 0.41 0.52 0.99 0.70 0.52 0.66
1.00 0.70_ 0.53 0.67




TABLE 111 -~

ZI|3

x 0.75 for potential evapotranspiration of

///// vegetal cover
(a + b B ) .

N \\\\
x 0.95 for evaporation from free water

A. Temperate regions - a = 0.18 b = 0.55

0.18 0.18 0.18

+ + +

0.55 " 0.55 0.55 .
n/N n/N x0.75 x0.95] n/N n/N x0.75 x0.95] n/N n/N x0.75 x0.95
0.01 0.19 0.14 0.18 0.34 0.37 0.28 0.35 0.67 0.55 0.41 0.52
0.02 0.19 0.14 0.18 0.35 0.37 0.28 0.35 0.68 0.55 0.42 0.53
0.03 0.20 0.15 0.19 0.36 0.38 0.28 0.36 0.69 0.56 0.42 0.53
0.04 0.20 0.15 0.19 0.37 0.38 0.29 0.36 0.70 0.57 0.42 0.54
0.05 0.21 0.16 0.20 0.38 0.39 0.29 0.37 0.71 0.57 0.43 0.54
0.06 0.21 0.16 0.20 0.39 0.39 0.30 0.37 0.72 0.58 0.43 0.55
0.07 0.22 0.16 0.21 0.40 0.40 0.30 0.38 0.73 0.58 0.44 0.55
0.08 0.22 0.17 0.21 0.41 0.41 0.30 0.39 0.74 0.59 0.44 0.56
0.09 0.23 0.17 0.22 1 0.42 o0.41 0.31 0.39 ] 0.75 0.59 0.44 0.56
0.10 0.24 0.18 0.22 0.43 0.42 0.31 0.40 0.76 0.60 0.45 0.57
0.11 0.24 0.18 0.23 0.44 0.42 0.32 0.40 0.77 0.60 0.45 0.57
0.12 o0.25 0.18 0.23 0.45 0.43 0.32 0.41-f 0.78 0.61 0.46 0.58
0.13 0.25 0.19 0.24 0.46 0.43 0.32 0.41 0.79 0.61 0.46 0.58
0.14 0.26 0.19 0.24 0.47 0.44 0.33 0.42 0.80 0.62 0.47 0.59
0.15 0.26 0.20 0.25 0.48 0.44 0.33 0.42 0.81 0.63. 0.47 0.59
0.16 0.27 0.20 0.25 0.49 0.45 0.34 0.43 0.82 0.63 0.47 0.60
0.17 0.27 0.21 0.26 0.50 0.46 0.34 0.43 0.83 0.64 0.48 0.60
0.18 0.28 0.21 0.27 0.51 0.46 0.35 0.44 0.84 0.64 0.48 0.61
0.19 0.28 0.21 0.27 0.52 0.47 0.35 0.44 0.85 0.65 0.49 0.62
0.20 0.29 0.22 0.28 0.53 0.47 0.35 0.45 0.86 0.65 0.49 0.62
0.21 0.30 0.22 0.28 0.54 0.48 0.36 0.45 0.87 0.66 0.50 0-63
0.22 0.30 0.23 '0.29 § 0.55 0.48 0.36 0.46 0.88 0.66 0.50 0.63
0.23 0.31 0.23 0.29 J 0.56 0.49 0.37 0.46 0.89 0.67 0.50 0.64
0.24 0.31 0.23 0.30 0.57 0.49 0.37 0.47 0.90 0.68 0.51 0.64
0.25 0.32 0.24 0.30 0.58 0.50° 0.37 0.47 0.91 0.68 0.51 0.65
0.26 0.32 0.24 0.31 0.59 0.50 0.38 0.48 0.92 0.69 0.51 0.65
0.27 0.33 0.25 0.31 0.60 0.51 0.38 0.48 0.93 0.69 0.52 0.66
0.28 0.33 0.25 0.32 0.61 0.52 0.39 0.49 0.94 0.70 0.52 0.66
0.29 0.34 0.25 0.32 0.62 0.52 0.39 0.49 0.95 0.70 0.53 0.67
0.30- 0.35 0.26 0.33 0.63 0.53 0.39 0.50 0.96 0.71 0.53 0.67
0.31 0.35 0.26 0.33 0.64 0.53 0.40 0.51 0.97 0.71 0.54 0.68
0.32 0.36 0.27 0.34 0.65 0.54 0.40 0.51 0.98 0.72 0.54 0.68
0.33 0.36 0.27 0.34 0.66 0.54 0.41 0.52 0.99 0.72 0.54 0.69

l.uv 0.73 0.55 0.69



Northern

Lats.

Southern

Lats.

50°
48°
46°
44°
42°
40°

35°
30°
25°
20°
15°
10°

SO

o°

W W WO
O\ oW

10.1
10.4
10.7
11.0
11.3
11.6
11.8

12.1

TABLE II

N.

Daily average month by month of the astronomically

possible sunshine duration in hours and tenths

10.1
10.2
10.4
10.5
10.6
10.7

11.

0

11.1
11.3

11.
11.
11.
11.

12.

5

O 0 o

-

11.8
11.8
11.9
11.9
11.9
11.9

11.9
12.0
12.0
12.0
12.0
12.0
12.0

12,1

13.8
13.6
13.5
13.4
13.4
13.3

13.1
12.9
12.7
12.6
12.5
12.3
12.2

12.1

15,
15.
14,
14.
1l4.
14.

SO ND

14.
13.
13.
13.
i2.
12.
12.

WKW

12.1

16.3
16.0
15.7
15.4
15.2
15.0

14.5
14.0
13.7
13.3
13.0
12.7
12.4

12.1

15.9
15.6
15.4
15.2
14.9
14.7

14.3
13.9
13.5
13.2
12.9
12.6
12.3

12.1

14.5
14.
14.
14.
13.
13.

NOooOoONW

13.
13.
13.
12.
12.
12.
12,

Wsooooddn,

12.1

12,
12.
12,
12,
12.
12.

12.
12,
12,
12,
12,
12,
12,

12,

oo

N WW e

10.8
10.9
10.9
11.0
11.1
11.2

11.
11.
11.
11.
11.
11.
12.

oo~ ownWw

12.

[

O W oo
W oW

10.2
10.6
10.9
11.2
11.5

11.8

12.1



Lat
50°
48°
46°
44°
42°

40°
38°
36°
34°
32°

30°
28°
26°
24°
22°

20°
18°
16°
14°
12°

10°
80
6°
4°
2°
0°

Solar radiation on a horizontal surface at the limit of the

TABLE I bis

- RA

atmosphere expressed as mm of evaporable water and for a

17.54
17.61
17.68
17.75
17.82

17.88
17.86
17.85
17.84
17.82

17.80
17.70
17.60
17.50
17.40

17.29
17.11
16.93
16.74
16.55

16.36
16.08

15.81

15.54
15.27
15.00

14,
14.
15.
15.
15.

15.
15.
15.
16.
16.

16.
.39
16.
16.
16.

16

16.
16.
16.
16.
16.

16.
16.

15

15

66
86
06
27
47

68
82
96
10
23

36

43
46
50

53
47
42
37
32

27
11

.96
15.
15.
.51

81
66

solar constant =

2.00 cal.cm?2.min"?

10.85
11.19
11.53
11.87
12.21

12.54
12.84
13.15
13.45
13.76

14,07
14.25
14 .44
14 .62
14 .80

15.00
15.10
15.20
15.31
15.41

15.51
15.54
15.58
15.62
15.65
15.68

Southern Hemisphere

7.03
7.47
7.91
8.35
8.80

9.24
9.64
10.05
10.46
10.87

11.27
11,61
11.95
12.29
12.63

12.97
13.22
13.48
13.73
13.98

14.24
14 .44
14.65
14 .85
15.05
15.26

M

4 .24
4,73
5.22
5.71
6.12

6.61
.07
.53
.99
.45

0NN

8.90
9.32
9.74
10.16
10.59

11.02
11.37
11.73
12.09
12.45

12.80
13.12
13.44
13.76
14.08
14.41

3.05
3.51
3.97
4.43
4.89

5.34
5.83
6.32
6.81
7.30

7.80
8.24
8.68
9.12
9.56

10.00
10.40
10..80
11.21
11.62

12.03
12.40
12.77
13.15
13.51
13.90

3.47
3.95
4.43
4.90
5.38

5.85
6.31
6.77
7.23
7.68

8.14
8.60
9.06
9.52
9.97

10.42
10.81
11.20
11.59
11.98

12.37
12.71
13.05
13.39
13.73
14.07

.51

5

5.
6.47
6.94
7
7.88
8.32
8.76
9.20
9.64

~10.09

10.47
10.85
11.22
11.59

11.95

12.56
12.87
13.17

13.48
13.73
13.99
14.25
14.50
14.75

12
13
13
13

13.

14.

14
14

14.
15.

15.

15

15.
15.

15

15.
15.
15.
15.

15

15.

15
15
15
15
15

0

.88
.15
.43
.70
97

24
Ny
.64
85
05

26
.36
46
56
.66

76
78
79
81
.83

85
.76
.67
.59
.50
42

N

16.53
16.60
16.67
16.73
16.80

16.87
16.95
17.04
17.12
17.21

17.29
17.22
17.15
17.08
17.01

16.95
16.80
16.65
16.50
16.35

16.19
15.97
15.75
15.53
15.31
15.09

18.
18.
18.
18.
18.

18.
18.
18.
18.
18.

18.
17.
17.
17.
17.

17.
17.
16.
16.
l6.

16.
15.
15.
15.
15.
14.

22
24

28
29

31
25
20
15
10

05
92
79
65
51

37
10
83
61
49

27
99
70
41
12
83



TABLE I - R,

Solar radiation-on a horizontal surface at the liﬁit of the

atmosphere expressed as mm of evaporable water and for a

solar constant = 2,00 cal.cm?.min"}

Northern Hémisphere

Lat N

50° 3.81 6.10 9.41 12.71 15.76 17.12 16.44 14.07 10.85 7.37 . 4.49 3.22
48° 4.33 6.60 9.81 13.02 15.88 17.15 16.50 14.29 11.19 7.81 4.99 3.72
46° 4,85 7.10 10.21 13.32 16.00 17.19 16.55 14.51 11.53 8.25 5.49 4.27
L4° 5.30 7.60 10.61 13.65 16.12 17.23 16.60 14.73 11.87 8.69 6.00 &.70
42° 5.86 8.05 11.00 13.99 16.24 17.26 16.65 14.95 12.20 9.13 6.51 5.19

40° 6.44 8.56 11,40 14.32 16.36 17.29 16.70 15.17 12.54 9.58 7.03 5.68
3g° 6.91 8.98 11,75 14.50 16.39 17.22 16.72 15.27 12.81 9.98 7.52 6.10
36°. 7.38 9.39 12,10 14.67 16,43 17,16 16.73 15.37 13.08 10.5¢ 8.00 6.62
34° 7.85 9.82 12,44 14.84 16.46 17,09 16.75 15.48 13.35 10.79 8,50 7.18
32° 8.32 10.24 12.77 15.00 16.50 17.02 16.76 15.58 13.63 11.20 8.99 7.76

30° 8.81 10.68 13.14 15.17 16.53 16.95 16.78 15.68 13.90 11.61 9.49 8.31
28° 9.29 11.09 13.39 15.26 16.48 16.83 16.68 15.71 14,08 11.°5 9.90 8.79
26° 9.79 11.50 13.65 15.34 16.43 16.71 16.58 15.74 14.26 12.30 10.31 9.27
24° 10.20 11.89 13.90 15.43 16.37 16.59 16.47 15.78 14.45 12.64 10,71 9.73
22° 10.70 11.30 14.16 15.5} 16.32 16.47 16.37 15.81 14.64 12.98 11.11 10.20

20° 11.19 12.71 14.41 15.60 16.27 16.36 16.27 15.85 14.83 13.2X 11.61 10.68
18° 11.60 13.02 14.60 15.62 16.11 16.14 16.09 15.79 14.94 13.58 12.02 11.12
16° 12.00 13.32 14.69 15.64 15.99 15.92 15.91 15.72 15.04 13.85 12.43 11.57
14° 12,41 13.62 14.89 15.65 15.83 15.70 15.72 15.65 15.14 14.12 12.84 12.02

12° 12.82 13.93 15.08 15.66 15,67 15.48 15.53 15.58 15.24 14,38 13.25 12.47

10° 13.22 14.24 15.26 15.68 15,51 15.26 15.34 15.51 15.34 14.66 13.56 12,88
8° 13.58 14.50 15.34 15.59 15.29 14,99 15.09 15.39 15.34 14.81 13.86 13.27
6° 13.94 14.76 15.42 15.42 15.07 14,71 14.85 15.23 15.34 14.96 14.17 13.66
4° 14,30 15,01 15.50 15.50 14.85 14.44 14.59 15.07 15.34 15.11 14.48 14.05
2° 14.65 15,26 15.59 15.34 14.63 14.17 14.33 14.91 15.34 15.27 14.79 14.44
0° 15.00 15.51 15.68 15.26 14.41 13.90 14.07 14.75 15.34 15.42 15.09 14.83



m/s

5.

Blackbody radiation expressed in mm of evaporable water for the
prevailing air temperature;

saturation vapour pressure expressed in millibars;

vapour pressure for the period under consideration expressed
in millibars;

air temperature measured in the meteorological shelter and
expressed in degrees Celsius; ’

air temperature expressed in degrees Kelvin where TfK = T°C + 273,

mean wind speed at an elevation of 2 m for the given period and
expressed in m/sec.

Notes !

1. When total radiation measurements expressed in cal.em 2.day” ! are
available, they may be introduced directly in the working sheet
in the block marked RG calories.

2. If air humidity 1is expressed as relative humidity, this can be
transformed into mbs of vapour pressure by multiplying the )
saturation vapour pressure (table VII) for the given T°C by the
relative humidity.

For example, if RH = 782 and T°C = 22.4° table VII gives for e
a value of 27.08 mbs, eq will be 0.78 x 27.08 = 21.12 mbs.

3. The data required for the computations which are entered in the
column of boxes on the left-hand side of the form-should all be
for the same period, e.g. the monthly mean of the daily value.
The final result of the calculations will then be E or Eo 1in
mn/day and the monthly value could be found by muthplying by
28, 29, 30 or 31.

Tables

The 10 gifferent tables necessary for the above computations are
attached.

Their numbers are referred to in the calculation working sheets

in Roman numerals between brackets appearing under some of the blocks of
the working sheet.



a) Potential evapotranspiration

%-—A);-[o.wm( a+b -g—)-arx‘ (0.56 - 0.079. /¢4 )(o.|o+o.so%]+o.26(c°—ed)(|.oo+o.54u)

DR
b) Evaporation of a free watef §urface
. __:’0_.%_[0.95;2.‘( a+b -%)-oTK‘(o.ss-o.o79«4;5(o.|o+o.9o%)]+o.zs(.°—od)(o,5o +0.54U)
" L2
3. Explanation of the units used in the formula

The terms intervening in the formulae and in the working sheets are
defined hereunder and expressed in the following units:

E = estimation of the potential evapotranspiration for a given period,

T expressed in mm;
Eo = estimation of the evaporation from a free water surface fcr a given

period, expressed in mm;

P = mean atmospheric pressure expressed in millibars at sea level;

P = mean atmospheric pressure expressed in millibars as a function of
altitude,for the station where the estimate is calculatel;

A = rate of change with temperature of the saturation vapour pressure
- expressed in millibars per degree °C;

Y = the psychometric coefficient for the psychometer with fcrced
ventilation = 0.66; .

0.75 and 0.95: factors expressing the reduction in the ‘incoming short
wave radiation on the evaporating surfaces and correspond-
ing respectively to an albedo of 0.25 and 0.05;

RA = short wave radiation received at the limit of the atmosphere
expressed Iin mm of evaporable water (1 mm = 59 calories) and taking
for the solar constant the value of 2.00 cal.cm_z,min—';

a and b = coefficients for the estimation of total radiation from the

sunshine duration (see paragraph 2.1);

n = sunshine duration for the period considered in hours and tenths;

N = sunshine duration astrcnorically possible for the given period;



In order to remedy this situation, verified in extreme climates, the
coefficient affecting the wind speed at 2 m above the ground (U) has been
modified in the following way:

Difference between mean

Monthly mean monthly maximum and
minimum temperature minimum temperatures . Coefficient of U

- TM - Tm < 12°C 0.54
> 5°C 12° < Ty - Tm < 13°C 0.61
> 5°C 13° < Ty - Tm < 14°C 0.68
> 5°C 14° < Ty - Tm £ 15°C 0.75
> 5°C 15° < Ty - Tm < 16°C 0.82
> 5°C 16° < Ty - T 0.89

The tables VIII and IX have been divided into six-to accommodate the
various coefficients for the calculation of evapotranspiration and evaporation.

2.4 Other coefficients have also been proposed for the estimation
of the effective radiation..  Results of research in this field, however,
are unot very conclusive. For this reason the coefficients first proposed
by Brunt have been maintained.

3. Description of the working sheet

Realizing these difficulties and the importance of trying to simplify
the calculations involved in the Penman formula, with particular reference
to field projects where elaborate calculating facilities arée not often
readily available, two simple working sheets have been prepared, allowing
the calculations to be made step by step, with the help of tables valid
for altitudes between 50°N and 50°S.

A copy of the two working sheets, one for the computation of potential
evapotranspiration and the other for the computation of the evaporation of
a free water surface, are presented.

The two sheets differ from one another in the figure adopted for the
albedo this being 25X for the vegetative cover and only 5% for the water
surface. Another difference appears in the so-called aerodynamic term,
where the constant factor associated with the wind speed is 1.00 in the
case of the vegetation, to allow for greater roughness of the evaporating
surface, and 0.50 in the case of the evaporation of water.

The two formulae for the computation of potential evapotranspiration

and evaporation from a free surface of water now read as follows:

* The albedo expresses the percentage of short wave incoming radiation
reflected by the soil cover or the water surface.



1. Introduction

The formula, designed in 1948 by Penman for the estimation of evapo-
ration from a free water surface and of potential evapotranspiration from
a vegetative cover, has been widely used throughout the world for the last
30 years with generally satisfactory results. The method has been widely
applied in FAO activities requiring the knowledge of potential evapotrans-
piration. :

One of the main difficulties for the user is not so much the rather
large number of climatic parameters involved in the formula, as the com-
putation itself, particularly if these parameters are expressed in units
different from those originally used by Penman. When using the formula
it i{s essential either to keep to the units originally used by Penman or
to adopt the appropriate conversion coefficients.

In view of these difficulties a first version of this note was
prepared in 1972. It is felt that, in spite of the progress made since
then in the area of pocket and desk minicomputers, it is still useful to
have available a simple method for field calculations of the Penman formula.

2. Coefficients used in the formula

The original formula was designed for the environmental conditions
of southern England. Some small modifications to the original formula
have been introduced to take into account experience galhered in FAO with
the use of the formula around the world.

2.1 The coefficients a and b used in the Angstrom formula for the
estimation of the total radiation from the data of sunshine duration are
often subject to discussion. Many tests made within FAO projects have
shown that three sets of coefficients allow good results to be obtained

In the various zones of the world. These sets of coefficients are:
a b

0.18 + 0.55 for the cold and temperate zones

0.25 + 0.45 for dry tropical zones

0.29 + 0.42 for humid tropical zones

The map attached, based on Trewartha (1&57) shows these different
Zones. The zones shown on the map have only an indicative value.

2.2 The values of radiation at the limit of the atmosphere have been

calculated on the basis of a solar constant of 2.00 cal.cm 2.min !.

2.3 Estimations of evapotranspiration made in very dry enviroanments,
characterized by annual average minimum temperatures above 5°C and differ-
ences between monthly average maximum and minimum temperatures of more than
12°C, show an underestimation of potential evapotranspiration due in most
cases to the advection of dry air.



Annex 4-I.



JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual

Rainfall s 69% 67% 120% 180% 395% 0% 0% 305% L2u% 150%  6L% 27%
Mtera oo, Evaporation 18§ 19% 20% 20% 168 11% 12% 115 9% 6% 11% - 17% 6%

Rainfall s2% 38% L3% 91% 155% 228% L69% 0% 3358 184% 147% SLE  22%
leava oo Evaporation 14§ 168 17% 17%  13% 128 4% 11% 8% 16% 168 20%  10%

Rainfall 33% LOX 38% 778 176% -L36% LLTE Loug LoL% 188% 103%  47% 18%
Mbarali

Pan Evaporation 12% 13% 18% 10% 9% 11%  11% 5% 6% 10% 12% 22% L%

Table h.278 - Monthly and annual coefficients of variation for rainfall

and pan evaporation

Intercept Slope Correla- Standardized Student fractile Slope signifi-
(a) (8) tion co- variable 95% level of signif. cantly different
efficient from zero?
JAN 91.1 0.239 0.27 0.7b 2.365 no
FEB 75.6 0.207 0.22 0.55 2,447 no
MAR 133.3 -0.141 0.092 -0.2k 2.365 no
APR 118.3 -0.0095 0.01k -0.0k4 2.365 no
MAY 121.8 0.046 0.061 0.16 2.365 no
JUN 13L.4 0.036 0.029 0.08 2.365 no
JUL 1k7.1 0.055 0.061 0.17 2.306 no
AUG 213.2 -0.175 0.33 -0.93 2.365 no
SEP 1b5 .1 0.348 0.39 1.13 2.365 no
oCcT 299.9 -0.k22 0.46 -1.39 2.365 no
NOV 145.6 0.316 0.38 1.01 2.hu7 no
DEC 62,2 0.558 9.58 2.02 2.306 no
YEARLY 843.9 0.642 0.748 1.95 3.182 no

Table h.288 - Linear regression analysis between pan evaporation

stations (Y = o + BX, Y ~ Mbarali, X v Igawa)

Intercept  Slope - Correlation Standardized Student fractile Slope signifi-
(a) (8) coefficient  variable 95% level of signif. cantly different
from zero?
JAN 54,3 0.796 0.55 2,28 2.179 yes
FEB 130.1 -0.034 0.027 -0.09 2.201 no
MAR 187.3 -0.348 0.20 -0,72 2.179 no
APR 218.5 -0.546 0.35 -i.28 2.179 " no
MAY 137.6 0.294 0.15 0.54 2.179 no
JUN 206.0 -0.31k 0.27 -0.97 2.179 no
JUL 152.7 0.151 0.15 0.52 2.179 no
AUG 236.1 -0.157 0.16 -0.57 2.160 no
SEP 313.3 -0.L49 0.36 -1.33 2.179 no
oCT 248.1 -0.063 0.092 -0.26 2.306 no
NOV 218.2 0.267 0.32 1.09 2.228 no
DEC_ 157.7 0.229 0.16 0.52 2.228 no
ANNUAL 2761.3 -0.26 0.20 -0.51 2..u7 no

Table L4.298 _ Linear regression analysis between pan evaporation

stations (Y = a + BX, Y v Mtera, X = Igawa).

)



Station: 100.3510 Songea

FAO Woodhead Consultants FAO

Woodhead Consultants

Consultants Consultants Consultants rao

E E * E E.*

E

E_/E
p

E_/E
p

/

EO Epan p

E /E

P P P 0 0 0 pan 0 pan pan

Perioa 15 yrs 1933/ 193/, 195/ 19se/ omy/

Jan. 126 112 112 158 1L0 145 161 0.77 0.70 0.90 0.78
Feb. 106 9L 106 133 117 136 T4 0.78 1.43 1.84 1.43
Mar. 116 98 10k 145 123 133 160 0.78 0.65 0.83 0.73
Apr. 103 95 9b 129 119 123 161 0.76 0.58 0.7¢ 0.6k
Maj 90 96 83 113 120 127 156 0.65 0.53 0.81 0.58
June 79 86 76 99 108 98 119 0.78 0.64 0.82 0.66
July 85 92 77 106 115 99 131 0.59 0.59 0.76 0.65
Aug. 103 112 92 129 140 116 165 0.56 0.56 0.70 0.62
Sept. 136 139 120 170 17k 140 167 0.86 0.72 0.84 0.81
Oct. 162 170 148 203 213 281 198 0.82 0.75 0.91 0.82
Nov. 148 155 139 185 194 170 176 0.82 0.79 0.97 0.8k
Dec. 128 126 126 160 158 157 158 0.80 0.80 0.9¢ 0.81
Annual 1381 1377 1277 1726 1721 1625 1826 0.79 0.70 0.89 0.76

Table h.2h8 -~ Comparison of Penman estimates and pan measurements.

Ep - potential evapotranspiration (Penman), E - potential

evaporation (Penman), Epan

-~ pan measurements. Asterisks

indicate derived values under the assumption of Ep/Eo

All figures are in mm.

0.8.



Station: 98.3301 Mbeya

FAQ Woodhead COnsultants FAO  Woodhead Consultants Consultants Consultants Consultants FAO
sp sp' Ep Eg* Eq £, Epm EP/EO Ep/Epm EO/Epm !~:p/i:pan
. 1955/ 1963/ 1955/ 1963/ 1971/

Period 30 yrs 106k 1978 30 yrs 1964 1978 1979
Jan. 102 100 104 128 125 131 123 0.79 0.85 1.07 0.83
Feb, 90 82 99 113 103 120 124 0.83 0.80 0.97 0.73
Mar, 93 98 103 116 123 130 124 0.79 0.83 1.05 0.75
Apr. 86 99 98 108 124 126 126 0.79 0.78 1.00 0.68
May 83 100 90 104 125 115 131 0.78 0.69 0.88 0.63
June Th 93 83 93 116 106 135 0.77 0.61 0.79 0.55
July 8s 100 90 106 125 117 156 0.77 0.58 0.75 0.54
Aug. 104 122 12k 130 153 155 179 0.80 0.69 0.87 0.58
Sept. 131 147 168 164 184 199 216 0.8k 0.78 0.92 0.61
Oct. 160 170 197 200 212 276 22k 0.83 0.88 1.0% 0.71
Nov. 135 142 157 169 178 202 199 0.78 0.79 1.02 0.68
Dec. 110 116 11k 138 145 15k 146 0.7k 0.78 1.05 0.75
Annual 1252 1370 1426 1565 1713 1791 1883 0.80 0.76 0.95 0.66

Table h.238

- Comparison of Penman estimates and pan measurements.

Ep - potential evapotranspiration (Penman), E - potential

evaporation (Penman), Ep

an

~ pan measurements. Asterisks

indicate derived values under the assumption of Ep/EO

All figures are in mm.

0.8.



Station: 97.3513 Nduli

FAO Woodhedd Consultants FAO  Woodhead Consultants Consultants Consultants Consultants Fao
LOnSy 2= onu ANt T o st
L ] &
zp I’ sp E, £, £y spm sp/r-:o EP/EPM Eo/span Ep/sp.n
. 1960/ 1970/ 1960/ 1970/ 1973/

Period 2 yrs 196, 1979 2yrs 1962 1979 1979
Jan, 143 119 112 179 149 142 148 0.79 0.76 0.96 0.97
Feb. 121 105 107 151 131 137 136 0.78 0.79 1.01 0.89
Mar, 133 119 107 166 149 135 126 0.85 0.85 1.07 1.06
Apr. 137 116 9% 171 145 120 121 0.80 0.79 0.99 1.13
May 143 119 93 179 149 116 141 0.66 0.66 0.82 1.01
June 136 11k 82 170 143 104 153 0.54 0.5k 0.68 0.89
July 10 120 92 175 150 115 172 0.53 0.53 0.67 0.81
Aug. 15k 1% 10k 193 168 129 195 0.81 0.53 0.66 0.79
Sept. 197 17 126 2k6 184 154 211 0.82 0.60 0.73 0.93
Oct. 184 159 143 230 199 171 228 0.8k 0.63 0.75 0.81
Nov. 171 19 140 214 186 170 216 0.82 0.65 0.79 0.79
Dec. 153 133 123 191 166 15k 175 0.80 0.70 0.88 0.87
Annual 1817 1535 1325 22T 1919 1647 2022 0.80 0.66 0.81 0.90

Table h.228

- Comparison of Penman estimates and pan measurements.

E_ - potential evapotranspiration (Penman),Eo - potential

evaporation (Penman), E

pan pan measurements. Asterisks

indicate derived values under the assumption of Ep/EO =

All figures are in mm.

0.8.



Meen annual

Estimated mean

Source of . Altitude potential eva- annual potential
Station Station zmeteorolo- Period (meters above  poration in evapotranspiration
Number Name Region  gical dats of record sea level) mm (EO) in mm (Ep)
97.3500 Iringa Iringa DOM 1955-6k " 1540 1929 1543
97.3513  Nduli Iringa DOM 1960-62 1428 1919 1535
98.3301  Mbeya
Airfield Mbeya DOM 1955-64 175¢C 1713 1370
98,3302 Chunya Mbeya DOM 19L46-54 1500 2034 1627
G8.3322 Mveya
Range Mbeya DOM 1957-66 2400 1522 1218
98.3k06  Igawa Mbeya Maji 1957,1958,
1964 115¢ 2038 1630
98.3408  Mbvarali Mbeya Maji 1957,
1963-65 1050 2391 1913
98.3529 Sao Hill Iringa DOM 19L0-50 1980 1592 _lets
99.3415  Njombe Iringa DOM 1955-64 1900 1L58 1166
99.3429  Igeri Iringa Maji 196L-66 2250 1298 1038
100.3500 Songea
Town Ruvuma DOM 1940-55 1150 1628 1302
100.3510  Songea
Airfield Ruvuma DOM 1955-64 1100 1721 1377
Table 4.18" - Penman estimates. of mean annual potential evaporation
(EO) (Woodhead, 1968). Mean annual potential evapotrans—
piration (E ) is derived under the assumption of E /E = 0.8.
p P o
AMtitude Mean annual
Station Station Source cf Years of {meters above potential evapo-
Nuaber Name Region Metecrclogical data Record sea level) transpiretion in am (Ep)
97.3500 Iringa Iringa DOM 26 164D 610
. 97.3513 Nduli Iringe oCM 2 128 1817
98.3301 Mbeya Air-
field Mbeya DOM 30 1750 1252
98.3302 Chunya Mbeya DOM 8 1500 Lot
98,3406 Igawa Mbeya Maj: 3 1150 151
98.3529 Sao Hill Iringa DOM 10 1580 158¢C
99.3415 Njombe Iringa DOM 12 1950 1077
100.3500 Songea Town Ruvuma DOM 15 1150 1060
100.3510 Songea
Airfield Ruvuma o0M 5 Te 133
. . : . | .
lfable 4.19" - Penman estimate: . mean annual 1.0 i cyapel ranc e
ration (E ) (I'AO}.
P
N . Period Altitude ¥ean annual
?tatxon Station Source of of {meters above potential evapo-~
Number Name Regjon Meteorolcgical data Record sea level) trunspiration In mm (Ep)
31.357T3  Nauli Irings oM 1970-79 o 30 -
98.3301 Mbeya
Airfield Moeya OM 1963-78 1Lk
=0.3519 Songea
Airfield Ruivima M 1955-77% 1t [
u . ! N . .
Table +.20° - penman estizatc: of mean anni:.! ctential evapo v -

piration (F

) (Consultants).



Station: 101.3409 ‘Mbaaba Bay

JAN FEB MAR APR MAY Jun JuL AUG SEP ocT Nov DEC ANNUAL
1977 185 145 174 120 171
1978 9% 102 87 148 88 163 172 91
1979 113 10 167 139 182
1980 124 120 132 92 87 27 46 111 168 158
Means 111 111 129 116 87 27 115 128 134 165 146 148

Sum of monthly means: 1UL17

Table h.l68 - Adjusted monthly pan evaporation in mm (pan coefficient =

0.7).
Annual
Station JAN FEB MAR APR  MAY JUN JUL AUG SEP OCT NOV DEC (sum of monthly
means)
965 ‘3321 95 104 106 108 101 105 100 148 150 212 105 93 1427
() {8) (%) (%) (&) (%) (%) (2) (2} (2) (2) (3)
3;{;3211 150 132 150 154 173 164 177 205 229 275 262 190 2261
(18) (15) (1s) (17) (17) (17) (17) (17) (17) (a5) (17) (15)
;’.1\‘3213 101 95 88 85 99 106 120 136 148 160 151 123 1412
(s) (e) (s) (e) (e) (&) (6) () (s) (7)) (&) (7)
98.3301
Mbeya 85 87 90 87 89 93 106 126 153 162 145 109 1332
Airfield (7) (7)) (7)) (7)) (7)) (s) (s} (e) (s) (&) (&) (6)
&31329 130 124 129 141 146 189 143 132 209 207 184 136 1930
() (2) (3} (2) (2) (3) (2) () () (3 (3) .(3)
98.3318
Lupatinga 90 85 89 92 91 78 102 142 140 124 86 68 1187
tings () (%) (%) (%) (3) (2) (3) (&) (&) (&) (2) (3)
:Eg:?g‘ 106 85 87 85 112 115 122 134 150 155 134 109 1394
(10) (10) (9) (10) (12) (12) (12} (1) (11) (13) (11) (10)
?g;‘:ﬁos 122 112 123 113 134 136 155 166 181 199 186 152 1779
(16) (1s) (16) (1) (16) (17) (15) (17} (1e) (1s) (1u) (16)
3:33? 117 100 118 115 128 140 154 186 207 224 204 142 1835
{(11) (1) (1) )y () (o) (i) ey () (i2) (12) (2)
99.3316
22349 77 8 107 122 S3 49 SO 67 89 121 113 83 1016
Chivanjee (3) {w) () ) k) () W) (W) (W) () (3 (3
99.3335
106 106 170 201 175 100 82 93 105 128 128 122 1516
Tenende (17) (w7} (16} (w) (13) (1s)y (we) {1s} (17) (17) (1e) (1s)
99.3411
80 68 S5 60 90 S0 49 59 80 95 87 67 840
Bulongva (@) ) (W (2 (2) (W) (W) (W) () () (W) ()
99. 341k
104 105 147 126 68 65 63 B85 112 140 133 129 1277
Hadaba (1) () (1) () W ) () () () (3 (3 (3)
100.3510
Songea 113 52 112 113 109 83 92 115 117 139 123 111 1279
Airport («) (&) (s) (s) (s} (3) (&) (&) (v} (3) (s) (s)
101.3409
Moamba 111 111 129 116 87 27 115 128 134 165 146 148 1417
Bay (3} (3) (33 (2) (1) (1) (2) (2 (3) (3 (2> (3)

Table h.178 - Annual and monthly means of pan evaporation in mm adjusted
with a pan coefficient of 0.7. Figures in brackets are

numbers of underlying years.



Station: 99.3411 Bulongva

JAN m MAR APR MY Jun JuL AUG SEP 0CT Nov DEC  ANNUAL
1977 T2 15 39 57 b1 43 ST T8 82 Th
1918 87 67 76 82 , 48 38 L6 50 84 102 90 56 825
1979 85 52 u1 53 56 80 92 104 82 67
1980 T8 79 63 38 132 53 Sk 63 88 96 ' 95 69
Means 80 - 68 5S 60 90 50 g 59 80 95 87 67

Sus of monthly means: 840

Table h.138 - Adjusted monthly pan evaporation in mm (pan coefficient =

0.7).

Station: 99.3u1k Madabda

JAR b MAR APR MAY Jur JuL AUG SEP ocT Nov DRC ANNUAL
97T 88 78 55 56 83 95 119 134 176
1978 102 127 191 116 61 59 61 91 13 143 126 91 1281
1979 98 78 152 97 69 67 T2 83 128 158 139 119 1260
1980 113 110 98 78 65 78
Means 104 105 147 126 68 65 63 8s 12 140 133 129 1270

Sum of monthly means: 1277

. 8 . .
Table L.14k~ - Adjusted monthly pan evaporation in mm (pan coefficient =

0.7).

Station: 100.3510 Songea Airport

JAR FEB MAR APR MAY JUN JuL AUG SEP ocT NOV DEC ANNUAL
1971 166 164 151 101 125 1h1 121 152 179
1972 91 8o 133 101 120 96 154 114 157 158 81
1973 102 37 69 110 108 a3 103 112 1L2 207 14s
197k 11 L7 112 92 85 88 69 12 179 13
1975 117 Ly 80 96 81 80 70 138 98 17
Means 113 52 112 113 109 - 83 92 115 117 139 123 11

Sum of monthly means: 1279

8 . . )
Table 4.15° - Adjusted monthly pan evaporation in mm (vpan coefficient =

0.7).






MINISTER

|

DEPUTY
MINISTER

|

PRINCIPAL
SECRETARY

T

-

1

DEPUTY PRINCIPAL
SECRETARY

ADMINISTRATION
AND FINANCE

|

PLANNING
DIVISION

ENERGY
SECTION

WATER
SECTION

HYDROLOGY

HYDROGEOLOGY

PROJECT

PREPARATION

PROJECT
RESEARCH

WATER
LABORATORY

FIGURE 5.3°
MAJI - ORGANIZATION CHART

DESIGN

MATERIAL TESTING

LABORATORY

L_|WATER MASTER PLANS

COORDINATION UNIT

CONSTRUCTION
CONSTRUCTION AND
MAINTENANCE
MAINTENANCE
—|  ESTABLISHMENT
| RECRUITMENT
MANPOWE R |
DEVELOPMENT

WATER RESOURCES
INSTITUTES

TRAINING




PRINCIPAL
HYDROLOGIST

FIELD OPERATIONS

REGISTRY

DATA CO-ORDINATION

SEDIMENT

WATER QUALITY

METEOROLOGICAL

DATA PROCESSING

HYDROLOGICAL

INSTRUMENT

PROCUREMENT OF
EQUIPMENT/MATERIALS
LIAISON WITH REGIONS

ELECTRICAL

WORKSHOP

INSTRUMENT
STORE

RATING CURVES

MECHANICAL

DATA PROCESSING

COMPUTER SERVICE

DATA ANALYSIS AND

RATING TANK

COMPUTER SERVICE
PUBLICATION

COMPUTER SERVICES
PUBLICATION

COMPUTER SERVICE

FIGURE 5.4°
ORGANIZATION CHART

ANALYTICAL
UNIT

MAJI

RESEARCH

UNIT

HYDROLOGICAL SECTION - HEADQUARTERS



PRINCIPAL REGIONAL WATER

HYDROLOGIST ENGINEER
REGIONAL | _____ _ __ J
HYDROLOGIST
FINANCE
DATA
PROCESSING
HYDROLOGY
FIELD DATA GAUGE
SECTION COLLECTION READERS
CONSTRUCTION
MATNTENANCE
FIELD DATA MET.
SECTION COLLECTION OBSERVER
METEOROLOGY
DATA
PROCESSING
FIELD
SECTION
WATER RIGHTS CLERICAL
INSTRUMENT
STORES
8
FIGURE 5.5

ORGANIZATION CHART - REGIONAL MAJI HYDROLOGY SECTION



STATION NUMBER 1KA 22

N
MBA /IRA
AJIRA ABLEWAY B.M. 2.109 M= .
POST K
1 — 40,00 M. ¥ -
'
\
\\ 0
WATER i FLOW —~— J
FALL \ 0
\ 0
\ 0
r"_—_\ a
b
CABLE WAY
POST
MBA /IRA
ROAD
Figure 5.88 - Station sketch.
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Figure 5.9 - Station sketch.
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Figure 5.108 - Station sketch.
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Figure 5.118 - Station sketch.
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Figure 5.128 - Station sketch.
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Figure 5.13° - Station sketch.
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Figure 5.158
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Figure 5.168 - Station sketch.
STATION NUMBER 3B14
N
CABLEWAY
STEEP ROCKY smssX o
Y FYTH Ty
RAPIDS RAPIDS
>
> 1\
[ L A% 4 1%hg?
GkE;.M. 3.709

. 8 .
Figure 5.17 - Station sketch.
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Figure 5.188 - Station sketch.
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Figure 5.208 - Station sketch.
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Figure 5.218 - ©Station sketch.
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Figure 5.228 ~ Station sketch.
STATION NUMBER 1KB 188
e
/rBM.3463
: CABLEWAY

T

k\mplcs ——FLOW
\

RAPIDS

CONTROL

. 8 .
Figure 5.23° - Station sketch.
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Figure 5.2&8 - Station sketch,
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Figure 5.25° - Station sketch.



STATION NUMBER 3E1

N <18

o
o

B8.M. 1.519
\%r_: IIit

CHUNYA

174

74

Figure 5.268
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'FIGURE 5.29" - BAR CHART ~ WATER LEVEL DATA



STATION CODE

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

1969
1970
197

1972
1973
1974
1975
1976
1977
1978
1979
1980

1981

1RB)
1RDTA
3813
B4
B15
A18
1RC10
3A16A
108
101
1010
1RB2
1R83
1RB4A
TRBSA
1RB9
1R810
1RC1 24
1RCT
382
1RB1
386
1RB7A
30A4
%8
1RB6
1xB188
1013
M7
32
1RD2
3DA3
1RC2A
1RC13
304
1KB30
1KA30
3

r—y
LJ

I

il

i

-

-

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

1969
1970

——
|

DATA PROCESSED BY MAJI AS PER 1/1-1980
DATA PROCESSED BY CCKK

FIGURE 5.29’ - BAR CHART - WATER LEVEL DATA (CONTD.)



STATION CODE

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962

1963

1964
1965
1966
1967

1968
1969
1970
197

1972
1973
1974
1975
1976
1977

1978
1979

1980

1981

1Q7
TKA21A

1KA39A
1KA9
1KATIA
1KAS
TKA37A
1RC1
1RCBA
T1KASA
1KA15A
1KA59
1KA2A
A4
M8
1KA338
388
1KAS6
3A14A
TRCSA
k819
1K820
TKATA
1KA10A
1KA12
TKA16
TKA23A
" 1KA27
KA1
TKA32A
1KA45
1KAS1A
1KASOA
1RC3A
3A2A
346
3A7A
3415
104

1KA22 - -

H

*+ *
—

it

C

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
197

1972
1973
1974
1975
1976
1977
1978
1979
1980

1981

RATINGS PROCESSED BY MAJI AS PER 1/1-1980

RATINGS PROCESSED BY CCKK

STATIONS RATED DURING THE CCKK PROGRAMME

FIGURE 5,31° - BAR CHART - RATING TABLES AND CURVES




1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

STATION CODE

-

1RB1 (
3813
3814 *
3815
3A18
1RC10
3AT6A *
108
Q11
110 *
1RB2 *
1R83
1RBAA
1RB5A
1RB10
1RC12A
1RC1T
382
1RB11
26
1RB7A
38 *
1R86 *
1KB18B | *
3A17
3€2 *
1RD2 *
3DA3 *
1RC2A —
TRC13
304 *
1KA30
3€1

—
s

!

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

cC—/—/ RATINGS PROCESSED BY MAJI AS PER 1/1-1980
I RATINGS PROCESSED BY CCKK
* STATIONS RATED DURING THE CCKK PROGRAMME

FIGURE 5.31° - BAR CHART - RATING TABLES AND CURVES (CONTD.)




DISCHARGE

-7, . NATIGNAL CEUDENRME IR 22

RIVERs MTITU A,

RECION: IRINGR
»ne 5 ao
E X L X
ne 2o
ae am
ne ».0
10.09 - 10.00
5.8 : ' .00
14.08 16.00
12.09 12.00
jo.0 ; i 10.08
e l ) (X
.. ' ! .00
.. : .0
2.0 2.00
o.00

‘ ¢ 0.
1232485670911 2I45C8T700115212348858700101112) 23085670 9501112122488708 1011121234867 009101112

1958 1959 1960 1961 1962 1963

Figure 5.338 - Hydrograph - priority station.

».00

ae ».0
x® N0
ae n.m
ae .00
10.08 19.00
6,08 16.00
18.08 14.00
12.00 : 12.00
ool (|l oo
.0 .00
.0 ..00
4.00 .00
2.00 2.00
0.00

0.
133243870 9101112127488 7001001121 2)4587001011321 234S67881011121234867891001123234¢5678 89101112

1964 1965 1966 1867 1968 1969

. 8 .. .
Figure 5.337 - Hydrograph - priority station.



O1SCHRRGE

NATIONAL CODENAME

RIVER:
REGION:

1KA 22

HTITU A,

IRINGR

8.0

pLN

12.08

0.8

.0

.8

“n

s [ 3
J23248S8 7600031321234 676810111212348870930111212348870910111212348087091011123234807803101J12

1970 197 1972 1973 1974 1975
Figure 5.338 - Cont'd.

ae S 0.0
ae no
ne a0
ae n.m
e ».m
w8 10.00
L L] 18.00
1.0 146.00
ne IZ.DL
15.08 10.00
[N ] .
[ N} $.00
(3] 4.00
2.0 2.00
[N

Figure 5.330

1976

- Cont'4d.

1977

1978

1979

1980

0.00
123488700121 22460 7801010121 23488070800011212343567200M330123486720 8100112

14.00

12,00

4.0



DISCHARGE

%] NATOMAL CODENAME 1R IR

RIVER: Luxes]

RECION: - IRIMGA
- — 108.00
19880 : 198.00
".. 10.00
12.08 122.00
120.00 180.0
108.08 ‘ 108.00
nn m.o0
.00 . .00
72.00 n.00
s0.08 -.00
».00 “w.o
. moe ».00
n.m N
12.8 12.00

0.0

o
12345670 9MI121 234367009 1011121234887001011121 234856878 9501132122488789101)12123480870 80105112

1957 1958 1958 1960 1961 1962

Figure 5.3&8 - Hydrograph - priority station.

100.08 108,00
19.00 198.00
1.0 . 100,00
1%.00 1%.00
120.00 : 120.00
108.00 108.00
[ X} ».0m
”n.® .00
72.00 72.00
0.0 i .00
“.m ».00
.00 .00
f
.00 ! 2.0
12.00 N 12.00
0.00

: . o
1234867091001121 2745€7691011121 23458 768891011121234836709101)12123486709108112123456786 2101112

1963 1964 1965 1966 1867 1968

Figure 5.3&8 - Hydrograph - priority station.



DISCHARGE

S NATIONAL CODENAME KA 37
AIVER: LUNBS]
REGION: IRINGR
189.00 188.00
158.00 156.00
184,00 144.00
1R.00 132.00
120.00 120.00
108.00 108.00
.00 98.00
.00 84.00
72.00 .00
0,00 60.00
.00 .00
.00 26.00
.00 2.0
12.00 12.00
0.00

1869

Figure 5.3&8 - Cont'd.

1970

1871

1972

18973

1974

0.00
12324586708101112) 234587001011121 2345870 9101132123456788101112)2)045670910111212343567819101112

4. 00
.00 .00
.00 .00
.00 .00
80.00 0.00
S4.00 $4.00
.00 .00
42.00 42.00
.00 | J8.00
30.00 20.00
24.00 2.00
19.00 18.00
12.00 12.00
6.00 s.00
0.00

1975

Figure 5.3h8

1976

- Cont'd.

1977

1978

1979

1880

0.00
12345878 91011121 2245670 91011121234S 67991001121 22456 7891011121238567081011121 23495678 9101112



DISCHARGE

s NATIONAL CODENAE »n e
RIVER: . nYovist
RECION: MBEYR
».00 .00
».0 .00
.00 2.0
n.00 =.00
.00 ».m
18.08 10.00
18.00 18.00
16.00 18.00
12.08 12.00
10.00 10.00
s.08 (X
(¥ ] 00
.. . (X ]
2.0 2.00
o.e8 ]

1966

Figure 5.358

1957 1958 1959

- Hydrograph - priority station.

19860

o.
12360870 0MIIN] 23488 T70001112)23480 7080312 2348878 0910111213308686709101112123488670 9101112

1961

nm
16.80
15.00
14.00
12.08 .
10.00
. '
.00
)
2.00 .
0.00

12.00

.00

..00

4.00

2.00

0.
12343670010115212548587801011123 23486 78810111212345870910111212348567808101112123856768101112

1962

Figure 5.358

1963 1964 1965

- Hydrograph - priority station.

1966

1967



DISCHARGE

n/s

NATIONAL CODENRME
RIVER;
REGION:

3R 8
MYOBV]SI
MBEYR

18.00

12.00

10.00

4.00

2.00

14.00
12.00
10.00
8.00
6.00
.00
| ' 2.00

0.00

1224S67091011121234S67091011121234S8700101112123483670910011212345678381011121234S56788101112

Figure 5.958

1968

1969

Cont'd.

1970

1971

1972

1973

16.00

14.00

12.00

©.00

4.00
2.00
0.00

1234587091011121234587090111212)4567001011J21234567091011121 2345678 91011121 23458678 9101112 )

Figure

1974

c

D .

358

1975

Cont.'d.

1976

1977

1978

1879



NATIONAL CODENAME R 8

RIVER: MYOVIS]
REGION: MBEYR
DISCHARGE

72
2.0 .00
».0 .00
a.00 .00
2.0 22.00
.00 .90
18.00 10.00
16.00 18.00
0.0 14.00
12.08 12.00
10.00 10.00
0.0 0.00
..® .00
4.00 s.00
2.00 2.00
0.

' 0.00
1224867 00101112

1980

Figure 5.358 ~ Cont'd.



DISCHAARGE

wss NATJONRL CODENAME IRC SA

RIVER: KIVIRA

REGION: MBEYR
2.0 2.0
.00 .00
28.00 38.00
2.00 .00
20.00 .00
2.00 2.0
24.00 . 20.00
21.0 ’ 21.00
18.00 18.0
15.00 15.00
12.00 12.00
9.00 9.00
6.00 6.00
3.00 2.00
6.00

0.00
1234567891011121 2345670 9)011121 2345870 81011121234S87891011123 234567 889101112123456780 8101112

1957 1958 1959 1860 1961 1962

Figure 5.368 - Hydrograph - priority station.

42.00 42.00
39.00 29.00
38.00 8.00
0.0 0.0
0.00 20.00
1.00 27.00
2.00 24.00
2).00 21.00

18.00 18.00
15.00 15.00
12.00 12.00
9.00 8.00
6.00 6.00
J.00 3.00
0.00

0.00
12345S8670910111212345670910112) 2345870891011121234S5S€67891011121234567 09101112} 23456789101132

1963 1964 196S 1966 1967 1968

2
Figure 5.36" - Hydrograph - priority station.



DISCHRARGE

o3 NATIBNAL CODDNRE I sA
RIVER: KIVIMA
neG 1o )

Q.. «<.00
».0 .00
».0 .00
.00 .00
30.08 20.00
2.0 .00
.0 .00
21.08 2).00
10.00 10.00
15.80 18.00
12.00 12.00
.08 .0

[N ] 6.00

hN ) b N 4

°..l’3".1..."“1I3‘'I‘,l.nlll’l?,‘l.’..l‘lllll2"""..‘."]1]13"."..10”1?]'3‘.."..].”“..0

1969 1970 1971 1972 1873 1974
Figure 5.368 - Cont'd.

2.8 42.00
»noe ».00
»n.» 2%.00
.08 .00
2.8 20.00
.08 Nn.0
2.8 .00
21.08 21.00
18.00 18.00
15.00 15.00
12.00 J2.00
9.00 9.00

s.® s.00

200 3.00

0.00

0.
12348670810112) 2345670 910111212346887 091011121 23486 7081011121238887091011321234886780101112

1975 1976 1977 1978 1979 1980

Figure 5.368 - Cont'd.



DISCHARGE

/s NATIONAL CODENAME 1x8 19
RIVER: HAGAF 1RO
REG] ON: IRINGR
.00 20.00
.00 28.00
.00 24.00
2.0 2.00
20.00 20.00
18.00 18.00
16.00 16.00
14.00 14.00
12.00 1.0
10.00 10.00
8.00 8.00
.00 6.00
4.00 4.00
2.00 2.00
0.00

0.00
12345867091011121 2745678 9101112123456709101)121234S 87091011121 234S87081013121224567889)01112

1961 1962 1963 1964

Figure 5.378 - Hydrograph - priority station.

1965

1966

20.00 28.00
28.00 2.00
24.00 4.0
2.00 2.00
2.0 20.00
16,00 16.00
16.00 18.00
14,00 14.00
12.00 12.00
10.00 10.00
8.00 8.00
6.00 ¢.00
4.00 4.00
2.00 2.00
0.00

1967 1968 1969 1970

. ) . .
Figure 5.37 - Hydrograph - prilority station.

1871

1972

0.00
12)4567891011121 23458670 9101112123456788101)1212248S6783101112123456789101112123456789101112



DISCHARGE

NATIONAL CODENRME

AIVER:

%8 19
HAGAF ["0
IRINGR

18.00

14.00

8.00

s.00

4.00

am

0.0

1973

Figure 5.378

Figure 5.378

1974

- Cont'd.

- Cont'4d.

1975 1976
a.00 2.0
».00 ».00
N .00
2.0 a.m
.00 .00
18.00 10.00
18.00 18.00
14.00 14.00
12.00 12.00
10.00 10.00
.00 8.00
.00 .00
.. .00
2.00 2.00
0.00

0.00
12248676 09101112

1879

197

[
1234806709121 224830789100132123480709181152123486709301112123486780101112523485870 0501112

1978

16.00

14.00



DISCHARGE
/s MdTIONRL CODENRME IR 7R

RIVER: CHIMALA

REGION: MBEYR
2.00 @2.00
.00 .00
.00 .00
0.00 .00
.00 .00
.00 .00
.00 .00
21.00 21.00
10.00 18.00
15.00 15.00
12.00 12.00
9.00 9.00
6.00 .00
2.00 .00
0.00 o0

0.
1234567091001121 2343678 91011121023 4867881011121 22488709101132122348S678810113212248870 9101112

1965 1966 1867 1968 1969 1970

Figure 5.388 - Hydrograph - priority station.

J.00

24.00

21.00

15.00

12.00

J.00

lZJISI‘Illlﬂlll?lZJCSU'IIIIOIHZI230551!'10"!2!ZJlSl'Il.loul?lZJC!‘?!III}IHII2305!73!1011120.“)

1971 1972 1973 1979 1975 1976

Figure 5.388 - Hydrograph - priority station.



DISCHRRGE
/s

NATIONAL CODENAME
RIVER:
REGION:

IKR TR
CHIMALA
MBEYA

18.00

18.00

12.00

.00
0.00

5

Figure 5.388

21.00

18.00

1S.00

J.00

0.00
1234S670910111212348870 91011121 2348670 9101512)234S56789101112

1977

- Cont'qa.

1978

1979

1980



OISCHARGE
wy/s

NRTIONRL CODENAME 1KA 23R
RIVER: HUKUN]
REG1ON: IRINGR

g A

0.00

1958

e

F

gure 5.398

1959 1960 1961

- Hydrograph - priority station.

1962

1963

20.00

18.00

12.00

1964

Figure 5.398

iy

o ¢ 0.00
1234S867892011121 23456 789101§J2)2745¢709I01112)234587091011121234S670910111212345867869101112

1965 13966 1967

- Hydrograph - priority station.

1968

1969

0.00
1234567891011121234567091011121 23456706 91011121 25458 70893011121234567891011121234567891011312



DISCHRRGE )
"3 NATIONAL CODENRME IR 228
ALVER: HUKUNI
REGION: ININGA

1224858 7091811325 20458 788101112123438 768161112123 03508789101312123485670010111212348670 810112

1970 1971 1972 197] 1974 1975

Figure 5.39° - Cont'd.

”.m $6.00
.0 $2.00
48.00 .00
.00 .00
.00 40.00
28.00 36.00
.00 32.00
26.00 28.00
24.00 24.00
20.00 20.00
16.00 18.00
12.00 l 12.00
8.00 8.00

4.00 400

. 00

- + 0.00
123456867891011121228S87891011121 27485678 910111212343678 9101112123456 780910112

1976 1977 1978 1979 1880

Figure 5.398 - Cont'd.

WL



DISCHAARGE

/s NATIONAL CODENRME IKR J2R
RIVER: LT. AURHA
REGIONt IRINGR
2.00 2.00
2.0 2.00
2.0 24.00
2.0 .00
20.00 20.00
10.00 10.00
18.00 16.00
14.00 14.00
12.00 12.00
10.00 10.00
0.00 8.00
6.00 6.00
(X ] 4.00
2.00 2.00
0.00

1957

1958 1959 1960

Figure 5.&08 - Hydrograph - priority station.

1961

1962

14.00

12.00

10.00

2.00

0.00

1963

Figure 5.40°

1964 1965 1366

-~ Hydrograph - priority station.

1967

1968

0.00
12348S87091011121234S 67881011121 23456709101112)1234567891011121234S8789101132)2348S5670 9101112

14.0C

12.00

0.00
1234S670691011121234587091011121 2345670 95011121 23456 708193101152123456789101112) 2345678901112



DISCHARGE

T2} NATIONAL CODENAME 1R J2R
. AIVER LY. AR
REGION: IRINGR

Y ».00
=00 »o
200 a0
n.00 n.00
.00 ' ‘ 2.0
1.0 _ {10.00
18.00 18.00
14.00 ) 1o
12.00 12.00
10.00 . 10.00
soo s
s.00 .00
Lo w0
2.0 2.00
o.®

: o,
1234S0T00MIITI 234867 00101112123488T700MW12123488709101112127488670010H12120488708910112

1963 1970 1971 1972 1973 1974

Figure 5.&08 - Cont'd.

.00
0 ».00
n» .00
a.m 2.00
.00 .00
1.0 10.00
15.08 16.00
18.00 14.00
12.00 12.00
10.00 10.00
s.00 .00
s.00 .00
.00 00
2.00 \J 2.00
0.00 A

0.0
123436708101012)2345867091011)2123456 7091011121 234886 70910111212348670091011121232¢567809101112

1975 1976 1977 1978 1979 1980

Figure S.hO8 - Cont'd.



D1SCHARGE

w/s NATIONAL CODENRME IAC 3R

RIVER: MBRKA

REGION: MBEYR
108.00 168.00
158.00 158.00
144.00 144.00
1R.00 132.00
120.00 120.00
108.00 108.00
96.00 96.00
84.00 84.00
72.00 72.00
€0.00 €0.00
48.00 .00
.00 .00
2.00 .00
12.00 12.00

L]

Figure 5.&18

168.00

1956

1957 1958 1959

- Bydrograph - priority station.

1960

] — 0.
12348567891013121 23456 T7T091011123 2348878 9)1011121234S870 91011121 23456709101)121214887869101112

1961

158.00

132.00

120.00

108,00

N

188.00

156.00

1448.00

132.00

108,00

24.00

12.00

l2:!‘56'!!!")1“2]23055‘7!!101”2‘]230557.!1("!12123!58'!!910!!121ZJISI’IISIOIIIZI2:‘5!78!]01111‘0.0J

Figsure

\A

1962

[
L

1963 1964 1965

-~ Hydrograph - priority station.

1966

1867



D1SCHARGE

‘KVs NATIONAL. CODENRME IC R

AIVER: MBRKA

RNEG1ON: MBEYR
100.00 1e8.00
19808 19.00
104.00 140
2.8 132.00
120,08 120.00
188.00 109.00
LN J , ».m
"0 "0
nm .00
0.0 €0.00
».00 ®.0
»ne ».00
x. J .00
12.00 _L‘J*b *\‘\§_AA'LN
o .

Figure 5.h18

1988

1969

- Cont'ad.

1970

1971

1872

& .
.ll’lll".lmll’lIJCIC'IOIHIIIIII)lll’.llllll!l2)!'.1IOWIIIIIl)‘ll?lllﬂ!ll?lISIIC’..I!III’

1973

190.08 100.00
- 1. 198.00
LN ) 14.00
1R 132.00
12.00 120.00
100.09 108. 00
».00 98,00
‘es.00 0.00
T2.00 72.00
®.00 ®.00
».90 8.0
».00 ».00
N.00 .00
12.00 N M 12,00
n.wl!llll’l.lﬂlll'lQJISI‘,IUIDIIIQI23‘5.7..]0]“2133‘!.1..]0"]2]ZJQ!IYI.IGIII?IIJIS.TIIWIH?O‘
1974 1975 1976 1977 1978 1979
Figure S.hl8 - Cont'd.

~



NATIONAL CODENRME 1RC 3R

RIVER: MBAKA
REGION: MBEYR
DISCHARGE
ny/s

168.00 168.00
156.00 156.00
144.00 144.00
132.00 132.00
120.00 120.00
108.00 108.00
96.00 96.00
84.00 84.00
72.00 72.00
€0.00 60.00
48.00 48.00
6.00 6.00
24.00 20.00
12.00 12.00
0.00

0.00
123458678 9101112

1980

Figure 5.h18 - Cont'd.



DISCHARGE .

NATIONAL CODENAME
RIVER:
REGION:

»B n

HBEYR

11.00

|

D

Y

1974

1975 1876

1977

Figure 5.&28 - Hydrograph -~ priority station.

Figure 5.h28

10.00

1R.00

121.00

1980

154.00

10.00

1.0

i21.00

22.00

11.00

0.00
12245870 9101112

-~ Hydrograph - priority station,

1978

1979

18).00

121.00

110.00

434 0.00
122435870 910001212245872091011121234887091011121 234386 T7691011121 23486768 9101112123486 789101112



DISCHARGE
n/s

NATONAL. CODENAME 10 10
RIVER: L IKONDE
REGION: RUYUMA

210.00

180,00

185,00

135.00

120.00

1971

Figure 5.&38

Figure 5.h38

1972 1973 1973

- Hydrograph - priority station.

210.00

1975

195.00

165.00

135.00

120.00

105.00

15.00

0.00

1877 1978 1979

- Hydrograph - priority station.

1980

210.00

195.00

180.00

150.00

135.00

120.00

105. 00

0.00
1224S87691011121 23458678 9101112123456769101112) 2345678 9101112

1976

210.00

160.00

185.00

150.00

135.00

120.00

108. 00

0.00
122486870 891011121 23 ¢3676910111212)4S58789101112122458670810)112)234S670901112123485687839101112



DISCHARGE

NATJOMAL CBDENAME 1n8
RIVERs
REGION:

i

108.00
198.00
14.08

1%.00

12.00

108.00

198.00

1.0

120.00

+ 0.
123486 780)811121 23480870 01011121 2488676 01011121 2243878 09101112)224867801011121234867 09101112

1971

Figure S.hh8

Figure 5.uL°

1972 1973 1974

- Hydrograph - priority station.

1975

12.00

. 108.00
198.00 I1%.00
184,00 ) 11,00
1X.00 - 1R.00
120.00 120.00
108,00 108.00
98.00 28.00
.00 .00
.00 T2.00
90.00 €0.00
48.00 .
.00 3.00
.00 2.0
. N

12.00

0.00
12243676¢91011121 23486768 910111212)4835076910111212348567081011)2

1877 1978 1979

- Iiydrograph - priority station.

1880

1976



Figure 5.&58

DISCHARGE

ns ’ NATIONAL CODENAME 1A8 10
RIVERs MW INAMAY
REGION: RUVUMA

21.00

18.00

15.00

12.00

3.00

D1SCHARGE
n¥/S

223.00

21.00

18.00

15.00

12.00

J.00

12748670 91011121 2348567 801011121234%

1977 1978

- Hydrograph - priority station.

0.00
$67 82101112

1879

NRTIONAL CODENAME 1R8 11
AIVER: HANGA
REGIONs RUYUMA

192.00

176.00

180.00

184.00

112.00

16.00

Figure 5.&68

224.00

182.00

176.00

160.00

144.00

128.00

112.00

98.00

R.00

16.00

¢ 0.00
1234S5S67891011121 234S5S6709101)1212345678810111212345678 8101112

1976

1877 1976

- Hydrograph - priority station.

1979



DISCHARGE 4 ,
KY/S - NATIONAL CODENAME IR 6
RIVER: MNRGR
REGION: RUYUMA

15.00

0.00
1234867091011121 2343679 9)1011121234567891011121234S6788101112

1977 1978 1979 © 1e80

Figure 5.&78 - Hydrograph - priority station.

DISCHRAGE
/s NATIONAL CODENRME 1KB 188
RIVER: RUHUD JI
REGION: IRINGA
2.0 ».0
%.00 26.00
2.0 2.00
.00 2.0
2.0 20.00
10.00 18.00
18.00 18.00
14.00 14.00
12.00 12.00
10.00 10.00
8.00 .00
.00 8.00
4.0 .00
avi
0.00

l23‘5.1..10“12]23.5'7]’]01“2123‘!.7.'!0!“2]2305'7.!)0”!2)230!'7..!01“20'0

197 1977 1978 _ 1979 1980

. 0
Figure 5.48 - Hydrograph - priority station.



Figure 5.&98

DISCHRRGE

ns NATIONAL CODENAME 3R 2

RIVER: PITI

REGION: MBEYR
14.00 14.00
13.00 13.00
12.00 12.00
11.00 11.00

B
10.00 10.00
9.00 9.00
8.00 8.00
7.00 7.00
6.00 6.00
5.00 .00
4.00 4.00
3.00 3.00
2.00 2.00
1.00 1 1.00

(L

0.00

DISCHARGE
RS

24.00

21.00

15.00

12.00

9.00

6.00

J.00

0.00

Firire 5.950

1877

; 0.00
124S670910111212345€6786910115121 23456780 210111212345868786 8101112

1978 1979 1880

- Hydrograph - priority station.

NATIONAL CODENAME b 4
RIVER: RUNGYA
REGIONs MBEYA

| N

24.00

21.00

18.00

15.00

12.00

- 0.00
12245670 9101112)2245670991011)21234587691011)21234567891011121 23485678 9101112

1876

(W)
N

1977 1878 1979 1980

- Hydrograph - priority atation.



D1SCHARGE

ns NATIONAL CODENAME X )
AIVER: LUIKA
PEGION: MBEYR

100.00

120.00

I

1957 1958 1959 1960

Figure 5.518 - Hydrograph - priority station.

1961

1962

160,00

160.00

140.00

100,00

4 0.0
% 12248 07601011181 2745879 91011121 234856 789I011121 2348870 810111212348620910111212348678 0101112

e 000
™m0 0.0
20.00 0.0
.00 220.00
200,00 20.00
189,00 180.00
.0 100.00
19000 140.00
12.00 120.00
10000 100.00
.00 .00
®.0 .00
om . ©.00
.00 tL .00
0.00

0.00
122435679 010011212245870 010111212348 67091011121 2343676 9101112123488700101112123438768101112

1963 1964 1965 1966

Figure 5.518 —~ Hydrograph - priority station.

1967

1968



DISCHARGE
/s

NAT JONRL  CODENAME

RIVERs
REGION®

¥ 1

LUIKA

230.00

1968

Figure 5.518

1970

- Cont'd.

1971

1972

1973

1974

200.00

220.00

180.00

100.00

40.00

20.00

[

W

240.00

180.00

140.00

120.00

¢ 0.00
123486 78891011121°23 4587081011121 234567091011121234567891011121224S5878910111212345678910012

240.00

200.00

180.00

120.00

100. 00

60.00

0.00
1234S86708910111212)4S5S€789101412)2345670#1011121 2345676 91011121234856709104112123458 7489101112

1975

Figure 5.518

1976

- Cont'qd.

1977

1978

1979

1980



~ N MG NDONDAANO—~NMeg N OO —
—EEEEE R F R R TR
1Q7
1KA21A .1 ] |
1KAZ2 -1 —— [ -~ [~ "~
TKA39A ./ [ |
1KA ! [ ]
1KATIA - J - -1 ! -~ "~ T ]
1KAS
1KA37A
1RC8A
TKA8A
1KAT5A
1KA59
TKA2A
3Ad . [ ]
3A8
]KA33B ! 1 . ]
388 SR G
1KAS6 =—
3A14A
IRCSA OIS S
1KB819
1KB20 . —_
1KA7A
1KAT0A
1KA12
T1KA16 . r ! |
1KAZ3A - ! ! [ "~ "~
1KAZ7 1 ] ]
1KA31 . ! | ]
. TKA3ZA - [ [
1KA45 ‘ '
TKASIA S S
1KASOA T T
1RC3A
3AZA 1 '
3A6 Y SR SR
3A7A [ [ ]
3A15 R R
1Q4
— ) ~ ®© O rr N Mg WOWMNONO —
RS E RS P EEE EEFEEREEER
[ ] AVAILABLE DISCHARGE DATA

FIGURE 5.528- BAR CHART - DISCHARGES




86l L1861
0861 0861
661 6L61
8L61 BL6!L
Lol Lol
9.6l 961
Gl6l Sl6l
vi6l vi6l
£i6l £L6l
743 A4
Lebl 1L6l
0l6l 0l6t
6961 6961
8961 8961
L961 L961
9961 9961
5961 5961
v961 ¥961
£96l £961
2861 2961
L961 1961
0961 0961
6561 6561
856l 8561
L961 L561
56! 9561
G661 G561
pS6l vs6l
£561 £561

b=t = o

mm e w0wnlE —coaeIIS2NC 2 o2 aed2 8

Mr—r—r—r— O~ 0O~ 000000 LWVOONDWOWODOOrNVNOTOQ T T —

z| CR RS E RO Y E R IR I IR IR IR IESIRERIZERER

—

=

»

AVAILABLE DISCHARGE DATA

DISCHARGES (CONTD.)

BAR CHART

8

FIGURE 5,52 -



..........

Figure 5.558.

Stoge h m

I

dohd
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Rating Curve for Station 1KA37A. Discharge
measurements plotted.
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Rating curve for Station 1RC5A. Discharge

measurements plotted.
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Rating curve for Station 1KATA. Discharge
measurements plotted.
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Figure 5.61 . Rating curve for Station 1KA23A. Discharge
measurements plotted.
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Figure 5.62 . Rating curve for Station 1KA32A. Discharge
measurements plotted.
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Figure 5.638. Rating curve for Station 1RC3A. Discharge
measurements plotted.
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Rating curve for Station 1RB2. Discharge

measurements plotted.
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Figure 5.698. Rating curve for Station 1RB6. Discharge
measurements plotted.
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Figure 5.718. Rating curve for Station 3DA3. Discharge
measurements plotted.
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Figure 5.728. Rating curve for Station 3DU. Discharge
measurements plotted.
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Catchm. Reliability -
Station Type of Altitude| Area Year Visited |of Water
Station Code| Nace Station | Location (m) (xm?) establ. |by CCKK [Level Recs. Remarks
Little Ruaha 7%4110"s )
1KA2!A | at Ihimbo RCS 3547 '40"E 1550 2480 1967 YES High i
Mtitu at 7°58750"S
1KA22* |Mtitu Bridge | SC 35°46750"E 1680 LLs 1957 YES High i
Little Ruaha 8202'35"3 X
1KA39A |at Ivawa SC 35 L1735 E 1800 1740 1964 YES High J
Great Ruaha 7003.15"3 :
1KAS al Mtera sc 3548 100"E 67950 195k YES High ]
Lukosi at 7‘;37'00"5 .
1KA3TA® |Mtandika RSC 36°25'20"E 760 2890 1959 YES High :
Ndembera at 8°12130"S 1
' 1KALSA Ilongo sC 35013'05"5 1360 1960 YES High
Grest Rusha o2+ 30"
1KAS9 | at Msembe ! RSC 34759 130"E 915 24620 1963 YES High
Little Ruaha | '{Zh?'zo"s i
1KA2A | at Ndiuka . sC 35°u3'LO"E | 1530 2920 1964 YES High
) Ruaha at 8233'110"5 Artificial weir
1KASE | Malangali sC 3L%50755" | 1200 151 1961 YES Fair broken
Hagafiro 9°23155"s
1KB19* |at Hagafiro sC 34451 00" 1935 153 1966 YES High
Halali at 8251'25"5 |
. 1KAL2 Iyayi sC 3L741115"E 1370 470 1954 YES High : !
Huhuni at 80517255 : ;
1KA23A% | Tyayi sC 3474115 E 1370 803 1963 YES High !
Little Ruaha 7230'30"3
1KA31 at Mawvande SC 35°30'30"E 5193 1956 YES High
Little Ruaha 8722105"S
: 1KA32A* | at Makalala sc 35°19 LS E 1650 759 1964 YES High
Ruhuji below 9217'35"5 :
1KB18B* ! Kifunga Falls| sC 3L°50'10"E 185 500 1976 YES High i
Ijonilo at 9‘;19'00"5  Station closed
1KB20 | Kibena sC 347L5 00" E 95 1960 NO in 1970 !
Kigogo Ruaha 8%4L 1 00"s
1KB6B at Frick Brdg{ S 35°1800"F 1977 NO Low |
. . 3¢ . . .
Iringa Region (¥priority stations).
T caten T ,
Station Type of Azitude | $5M™ ) vear | Visitea Reliability |
- . y . . . 2 e of water i - t
Station Code| Name Station location (r) {(km*) establ. [ by CCKK Level Records Remarks !
Ruvuma at 11213'00"3 .proposed as water |
197 Muhiga SC 35°17'40"E 800 b123 1971 =S High flevel station only
Muhuwesi at 102‘)5'05"5 ! Proposed as water |
L 1Qu Muhuvesi SC 37°30'15"E 550 1968 YES | High level station only:
Moesa at sc 11:211'00“5 |
198 Mbesa 27%6 u5"E 550 1971 YES High ,
Msinjeve at 11216'55"5 . T ’ :
1Q11 Mtwarc sC -3¢ TLO'00"E koo ! 1971 YES Low
Likonde at 11206'00"5 ]
1Q10* Ligowonga sC 35°51'0C"E 650 1h42 1971 YES ' High :
Ruhuhu at 9756308
1RB2* Masigira RSC 35°11'30"E 926 2220 1971 YES | High
Ruhuhu at 9926°3¢"s B
1LRE3 Kikonge RSC 3k 1:8_'00"5 603 13490 197} YES High |
Kitewaka a 10215'30"5 |
1RBUA Muhucbi . RSC 3u°L8 1 0G"E 900 2480 1971 N0 . High - . -
Rutukira at 10218'05"5 i . i |Fstablished by :
| _1RsSA Road Bridge | SC 35°08'30"E fico 1760 1977 YES | High Lwre |
' Kitewaka at 9253'00"5 ! | Established by :
: {RE9 Maboga 5C 134748 100"E 1300 710 197H . N0 Eigh WTP
l Muinamaji at 110032'30"S i | p
| lmelo* Road Bridge | SC 34 58'00"E 8170 olib 1675 YES " Righ
Hanga at 10210 '00"s
. 1KB1:* | Road Bridge | sc 35°391 30" 780 1.09 1978 YES Fair
) - Lumecha at '1'6‘716 307 — bl
IRETA Njoganjoga : SC 35°23100"E 800 1816 0 g8 vES High
. Mngaka st I 10233‘30"5 . i | tah. ishec ny
. 1R36* Read Bridge | SC f357c0 01" 800 685 i 197C vs6 1 Eigh oy
Msanjesi at 11027 N ' ) -
Ig:© Yaurdi (B sh3C an i i
- _tednd L [ " _
. £ . . Lo
Ruvuma Region (“priority steation).
Table 5.2 - Discharge gauging stations.



Catchm. Reliability
) J Station Type of i Altitude Areaz Year Visited |of Water
Station Code| Rame Station | Location (m) (km?) |establ. jby CCKK |Level Recs. Remarks
1kag | Kimani et | msc 3§Z;§:gg:g 1160 w8 | 195k Yes High
1KA11A :':u;:ifn RSC 3%:355 1050 1600 1964 Yes Fair
1RC8A :::E;“;ﬁ agd ' F5C g?{g:gg.’:g 1200 655 1957 Yes High
1kaga | Sreat Fuana o msc 331;3—;382 1220 195 196k Yes High
W e | 5 |3 | 20 131 | a9ss | ves | zow | CRRURCR Sere”
348° 22:1;;1':; R S 3@3:;"2 1525 . 152 1955 Yes High
1kaz3a | Naemvers at sc 3EZﬁ;:g§:2 2190 1979 No
388 B“r::b;o::h 8 s Bg'éﬁigg'.'.g 1370 65 1956 Yes High '
3A144 “"': ;z‘g"" 5 33283:83:: 1525 176 1961 Yes Fair
1RCSA® ;:;:_:: oL | s 3§Z§§'22: 1360 211 1970 Yes High
1KATA® maim:n:‘ [ RSC 32223,13;: 1890 167 1963 Yes High
1KA20A '°°'b°ji at sc 33223:38::' 1150 235 1964 Yes Low
1KAL6 i:‘;:.:" S 322—;5:;2:: 1190 77 1956 Yes Low
1xA27 2?:‘;:1‘:‘ sc 3@28322 19.941 1956 Fo
s RSt At || 8900 | o w | 1958 | ves | Fair |
1KAS1A | Umrodo at . s gi‘;g:gg:g 1120 55 1958 Yes High
1Kason | Meviswi st s g‘jg:g‘gf‘.f 1100 104 1964 Yes Low
1RC3A® :3::: st s 32252333:§ 490 645 1961 Yes High
;men | Sooeve ot sc ﬁgiggg:i 1130 163 1964 Yes Fair
w6 | Mercmnn | S |amseaen| B0 | mw | s | ove | orr
o Lt | s (e on | e | e | e
IALS [f\:g;ia;o " s 3222;: : 195 | o
l' 1RD1A i::g:l:t RS 33233:88::3: €10 3.530 Yes Fair
t 31y | ppememat 1 g 32233:88:2 1130 1.035 1974 Yes Low ;5:3}1’,;““"
L gpye | Muko at sc ngT::ggiig 1250 328 197 Yes Fair g;‘:}r’;ishe“ J
{
e [t | e [ | o | s | o e
B | e atings] S 32322:321:3 1400 1975 Yes Fair g;t:fl’,;is“ed ]
1Rcro | bufirio et RSC E%S:gg:: 1150 1974 Yo wign | g;‘g};;“hed i
3a164 I‘:zg: B et RSC ngtg:gg:g 1000 | 1.250 1977 Yo i;ts};;“he“ y
| amcu E‘::“nzlei at sc 33252282 1980 L1k 1974 Yes Eigh ,‘i:}r;”hed _E
- 382 fz:::r:t RSC qgg;gggi | 1100 1.055 1971 No f:j'“f,’;;’.;‘,i‘c'hed _j

Mbeya Region (¥priority stations).

Table 5.2

8

- Cont'd.




i Catchm. Reliability
Station Type of Altitude | Area Year Visited |of Water
1 Station Codel Name Station | Location (m) (km?) |establ. [by CCKK [Level Recs. Rermarks
|’ ] Nyitule at 9216‘00"5 Estatlished
1RCIZ2A - Kidope 8 3L°%02100"E 24L0 109 1975 NO High by WTP
Saisi at BZIJS'OO"S stablished by
386 Mombo RSC  |31797'00"E 2782 1975 NG WrE
Muise at 7216'00"5 Established by
3DAL Itajiri sc 32°34'00"E | 1370 NO WTP
Lukwate at 7258'00"5 Established by
3E8 Mkundo Hill RSC 32727'00"E 1070 955 1975 NO Kigh WTP
Songwe at 5237'00"3 Fstablished by
3A17 Galula sc 33°02'00"F. 800 2587 1974 YES Fair WTP
Kikamba at 6,03'00"S Established by
3E2 Kapalala sC 32°38°'00"E | 1000 2080 1975 YES High WIP
Itumba at 9225'00"8 _ Established by
1RD2 Kushisakwa sc 33°11'00"E | 1500 292 1974 NO High WTP
piti at Itigi 7‘;26'00"3 Established by
3DA3* Road Bridge S 33725'30"E 1450 800 1977 YES High WTP
k4
; Kiwira at 9037100"s
1RC2A Kyela RSC 33752'00"E 480 1660 1966 YES High
Lumbira at 9;35'00"8 Established by
1RC13 | Lumbira RsC  [34°09'00"E 520 141k 1975 NO High WTP
Rungwa at 6257'15"5 Established by
3DL* Itigi Road s 33°31'00"e | 1220 3240 1976 YES High WTP
! luika at 302], 00"s
321 Gua Road s 132955'00" | 1050 1700 1957 YES Fair

Mbeya Region (¥®priority stations).

Table 5.28

- Cont'd.




= 5
J -;;; 3 ,8
2|3 >
: % = 9
= 0
Elal &38| 8
[ J g1 9 o
51l 8180
~ v| 2| = & Number or letter
3lal8le]| ®
21wl B S & Referring to
Alalale 2
P} o o o g
L] a a o
z | 2] = | @ = ]
1 Indian Ocean Basin
3 Lake Rukwa Basin
3 1A Sira River Basin
3 1B Momba River Basin
31D Rungwa River Basin
3 |D|A Rungwa Tributaries
3 |E North East Lake Rukwa Basin
1 |K Rufiji River Basin
1 KA Great Rusha River Basin
1 |K B Kilombero River Basin
1 (R Lake Nyasa Basin
1 R |B Ruhuhu River Basin
1 |R|C Kiwira, Mbaka, Lufirio and Lumbira River Basins
1 |R|D Songwe River Basin
11]1Q Ruvume River Basin
33 Station number
331 A Station moved once a short distance from old
station
33| B Station moved twice a short distance from old
station
1 K | A |33 A A station of the Indian Ocean Basin, of the
Rufiji and Great Rusha basin.
It is the 33rd station, and it has been moved
once.
8 . . C e . . .
Table 5.3 - National station code by subdivision of National Drainage

Basins.




Region: Iringa
River Name: Mtitu
Station Name: Mtitu at Mtitu

National Station Code: 1 KA 22

Code No.: 10

Latitude: 7° 58' 50"
Longitude: 35° 46' 50"
Altitude: 1680 m

Catchment Area: LLS km2

Established: 1957.05.26

Observation Frequency: Twice daily

Period of Discharge Measurements: 1957.06.08 - to date

Range of Water Level: 0.4l - 3.43 m

Range of Discharge Measurements: 1.4 - 13.7 m3/sec.

No. of Valid Discharge Measurements: 152

“Range of Computed Discharges: 1.1 - 37.7 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Good

Extrapolation:

Description of Control: Rock bar across the channel

Control Stability: Stable

Description and Location of Installations: 0-2 m standard vertical staff

gauges attached to angle iron on right bank 70 m from bridge. Portable

traveller just upstream bridge. 01d gauges 0'-T'.

Table 5.&8 - Priority discharge gauging staticn.



Region: Iringa
River Name: Lukosi
Station Name: ILukosi at Mtandika

Natiopal Station Code: 1 KA 37 and 1 KA 37 A
Code No.: 21

Latitude: 7° 37' 00"
. Longitude: 36° 25' 20"
Altitudg: 760 m
Catchment Area: 2890 km

Established: April 1957 and 1959.11.25

2

Observation Frequency: Twice daily

Period of Discharge Measurements: 1957.04.25 - to date

Range of Water Level: 0.31 - k.05 m

Range of Discharge Measurements: 10.0 - 117.1 m3/sec.

No. of Valid Discharge Measurements: 17 and 1k

Range of Computed discharges: 8.2 - 180.7 m

No. of Curves: One

Type: Formula
Curve Stability: Good

Extragolation:-Satisfactory

Description of Control: Rock bar across the channel

Control Stability: stable

Description and location of Installations: 0-5 m standard vertical staff

gauges attached to angle iron on left bank 50 m upstream of bridge and 10
m downstream the automatic water level recorder house. Cableway traveller

is further upstream. 0ld gauges 0-15'.

Table 5.58 - Priority discharge gauging station.



Region: Mbeya
River Name: Myovisi
Station Name: Myovisi at Great North Road

National Station Code: 3 A 8

Code No.: 47

Latitude: 8° 58' 20"
Longitude: 33° 03' 55"
Altitude: 1525 m

Catchment Ares: 152 km2

Established: 1955.09.30

Observation Frequency: Twice daily

Period of Discharge Measurements: 1955.10.14 - to date

Range of Water Level: 0.01 - 2.31 m

Range of Discharge Measurements: 0.3 - 16.9 m3/sec.

No. of Valid Discharge Measurements: 1Tk

Range of Computed Discharges: 0.2 - 39.0 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Reasonable

Extrapolation: Satisfactory

Description of Control: Artificial control between bridge abutments

Control Stability: stable

Description and Location of Installations: 0-3 m standard vertical

staff gauges attached to angle iron on left bank, just upstream the

bridge.

8
i . . . .
Table 5.0 - Priority discharge gaugsing stobion,



Region: Mbeya
River Name: Kiwira
Station Name: Kiwira at Kiwira Village

National Station Code: 1 RC 5 and 1 RC 5 A

Code No,: 6k

Latitude: 9° 10' 15"
Longitude: 33° 31' 55"
Altitude: 1360 m

Catchment Area: 217 km2

Established: 1957.03.02 and 1970.12.27

Observation Frequency: Twice daily

Period of Dischargg Measurements: 1957.03.02 - to date

Range of Water level: 0,03 - 1.48 m

Range of Discharge Measurements: 2.1 - 1b.kL m3/sec.

No. of Valid Discharge Measurements: 57 and 32

Range of Computed Discharges: 2.0 - 49.1 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Good

Extrapolation:

Description of Control: Rock bar jut upstream the waterfall

Control Stability: stable

Description and Location of Installations: 0.2 m standard vertical staff

gauges attached to angle iron. The cableway is just upstream the staff

gauges.

Table 5.7 - Priority discharse ~aurins station.



Region: Iringa
River Name: Hagafiro
Station Name: Hagafiro at Hagafiro

National Station Code: 1 KB 19

Code No.: 68

Latitude: 9° 23' 55"
Longitude: 34° 4g' 00"
Altitude: 1935 m

Catchment Area: 153 km2

Established: 1960.12.19

Observation Frequency: Twice daily

Period of Discharge Measurements: 1960.12.19 - to date

Range of Water Level: 0.36 - 3.01 m

Range of Discharge Measurements: 0.6 - 18.8 m3/sec.

No. of Valid Discharge Measurements: 91

Range of Computed Discharges: 0.5 - 53.7 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Fair

Extrapolation: Reasonable

Description of Control: Rock bar across the channel at the waterfall

Control Stability: stable

Description and Location of Installations: 0-3 m standard vertical staff

gauges attached to angle iron on the left bank just upstream the bridge.

The portable traveller posts are just upstream the staff gauges.

Iy J

N . . . . .
‘table 7-53 - Prior:ts recharpse concins gl Lo



Region: Mbeya

River Neme: Chimala

Staiton Name: Chimala at Chitekelo
National Station Code: 1 KA 7T and 1 KA T A
Code No.: 100

Latitude: 8° 55' 15"

Longitude: 33° 58 30"

Altitude: 1890 m

Catchment Area: 167 km2

Established: November 1954 and 1963.01.01

Observation Frequency: Twice daily

Period of Discharge Measurements: 1954.08.29 - to date

Range of Water level: 0.05 - 1.53 m

Range of Discharge Measurements: 0.5 - 24.6 m3/sec.
Range &€

No. of Valid Discharge measurements: 62 and 122

Range of Computed Discharges: 0.2 - h1.1 m3/sec.

No. of Curves: One

Type: Formula

Curve Stability: Reasonable for medium and high stages.

Extrapolation: Satisfactory for high stages.

Description of Control: Rock bar across the channel at the waterfall

Control Stability: stable

Description and Location of Installations: 0-3 m standard vertical staff

gauges attached to angle iron on the right bank downstream the bridge.

Automatic water level recorder is situated just upstream the staff

gauges. 0l1d gauges 0-20°',

Table 5.98 - Prioritr Ailschar~c ~nmains ctobtions,



Region: Iringa
River Name: Huhuni
Station Name: Huhuni at Iyayi

National Station Code: 1 KA 23 and 1 KA 23 A

Code No.: 104
Latitude: 8° 51' 25"
Longitude: 34 b1 15"
Altitude: 1370 m

Catchment Area: 803 km2

Established: Dec. 1956 and 1963.07.01

Observation Frequency: Twice daily

Period of Discharge Measurements: 1959.01.22 - to date

Range of Water level: 0.0 - 2.39 m

Range of Discharge Measurements: 0.02 - 11.6 m3/sec.

No. of Valid Discharge Measurements: 26 and 93

Range og Computed Discharges: O - T3.1 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Reasonavle

Description of Control: Rock bars across the channel

Control Stability: stable

Description and Location of Installations: 0-3 m standard vertical staff

gauges attached to angle iron on the left bank of the river, 160 m upstream

the road bridge. 014 gauges 0-10'.

Teble 5.107 ~ Priorits iachops o cooeiee g Lo



Region: Iringa
River Name: Little Ruaha
Station Name: Little Ruaha at Makalala

National Station Code: 1 KA 32 and 1 KA 32 A

Code No.: 107

Latitude: 8° 22' 05"
Longituge: 35° 19 45"
Altitude: 1650 m
Catchmenmt Area: 759 Kn°

Established: 1957.06.26 and 1964.12.14

Observagjon Frequency: Twice daily

Period of Discharge Measurements: 1964.12,15 - to date

Range of Water Level: 0.08 - 3.91 m

Range of Discharge Measurements: 0.4 - 15.2 m3/seé.

No. of Valid Discharge Measurements: 31 and 95

Range of Computed Discharges: 0.2 - 22.3 m3/sec.

No. of Curves: One curve with two segments

Type: Formula
Curve Stability: Good

Extrapolation: Satisfactory

Description of Control: Rock bar across the channel and the bridge

abutments for high stages.

. Control Stability: stable

Description and Location of Installations: 0-3 m standard vertical

staff gauges attached to angle iron on the left bank of the river

just upstream the bridge. 01d gauges 0-15'.

Table 5.118 - Prioritv f@ischarre caurin-~ etrtion.



Region: Mbeya
River Name: Mbaka

Station Name: Mbaks at Mwaya

National Station Code: 1 RC 3 and 1 RC 3 A

Code No.: 12k
Latitude: 9° 32' 25"
Longitude: 33° 53' 20"
Altitude: 490 m

Catchment Area: 645 km2

Established: 1956.10.24 and 1961.02.10

Observation Frequency: Twice daily

Period of Discharge Measurements: 1956.10.24 - to date

Range of Water Level: 0.26 - 5.99 n

Range of Discharge Measurements: 4.0 - 138.0 m3/sec.

No. of Valid Discharge Measurements: 46 - 183

Range of Computed Discharges: 1.3 ~ 172.0 m3/sec.

No. of Curves: One curve with three segments

Type: Formula

Curve Stability: Good

Extrapolation: Doubtful for high stages

Description of Control: Fallen bridge abutments for low stages, and the

new bridge for medium and high stages.

Control Stability: Fair

Description and location of Installations: 0-6 m standard vertical staff

gauges attached to angle iron on the right bank of the river immediately

upstream the bridge.

Table 5.128 - Priority “ischarsz sean~in-~ strotion.



Region: Mbeya
River Name: Muko
Station Name: Muko at Kaziala

National Station Code: 3 B 1k

Code No.: 179
Latitude: 9° 08' 20"
Longitude: 32° 38+ 30"
Altitude: 1250 m

Catchment Area: 328 km2

Established: 197hk.11.22

Observation Freguency: Twice daily

Period of Discharge Measurements: 1979.01.01 - to date

Range of Water Level: 0.22 - 3.06 m

Range of Discharge Measurements: 0.002 ~ 109.6 m3/sec.

No. of Valid Discharge Measurements: L6

Range of Computed Discharges: O - 161.6 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Reasonable

Extrapolation: Satisfactory

Description of Control: Rock bar across the river

Control Stability: stable

Description and Location of Installations: O-4 m standard vertical staff

gauges attached to angle iron on the right bank of the river, upstream the

cableway.

lable 5.138

-~ Prioritv discharse ran~in~ station,



Region: Ruvuma
River Name: Likonde
Station Name: Likonde at Ligowonga

National Station Code: 1 Q 10

Code No.: 227
Latitude: 11° 06'
Longitude: 35° 51'
Altitude: 650 m

Catchment Area: 1442 km2

Established: 1971.11.09

Observation Frequency: Three times daily

Period of Discharge Measurements: 1972.05.04 - to date

Range of Water Level: 0.30 - 4L.Ok m

Range of Discharge Measurements: 3.5 - 11.4 m3/sec.

No. of Valid Discharge Measurements: 20

Range of Computed discharges: 0.5 - 219.0 m3/sec.

No. of Curves: One

Type: Formula
Extrapolation:

Description of Control: Rock bar across the channel

Control Stability: stable

Description and Location of Installation: 0-5 m standard vertical staff

gauges attached to angle iron on the left bank of the river downstream

the cableway.

[¢
Table 5.15:°

- Priority cischar~: souein

ot
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P



Region: Ruvuma
River Name: Ruhuhu
Station Nage: Ruhuhu at Masigira

" National Station Code: 1 RB 2

Code No.: 228
Latitude: 9° 56' 30"
Longitude: 35° 11' 30"
Altitude: 920 m

Catchment Area: 2220 km2

Establighed: 1971.11.28

Observation Frequency: Three times daily

Period of Discharge Measuremeats: 1976.03.13 - to date

Range of Water level: 0.76 - 2.60 m

Range of Discharge Measurements: 23.9 - 10kL.5 > /sec.

Ro. of Valid Discharge Measurements: 70

Range of Computed Discharges: 1L.6 - 201.5 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Fair

Extrapolation: Acceptable

Description of Control: Rock bar across the channel

Control Stability: stable

Description and Location of Installations: O-4 m standard vertical staff

gauges attached to angle iron on the left bank of the river downstream

the measuring section. The automatic water level recorder is situated

Just downstream the gauges.

8 .. . . .
Table 5.15° - DPrioritr “ischaresn ~~ne~ins ct-tion,



Region: Ruvuma
River Name: Mwinamaji
Station Name: Mwinamaji at Road Bridge

National Station Code: 1 RB 10

Code No.: 2u3
Latitude: 10° 32' 30"
Longitude: 34° 58' 00"
Altitude: 870 m

Catchment Area: 5hb km2

Established 1975.07.03

Observation Frequency: Dry season twice daily, wet season three times daily

Period of Discharge Measurements: 1975.07.03 - to date

Range of Water Level: 0.54 - 4,54 m

Range of Discharge Measurements: 0.5 - 53.6 m3/sec.

No. of Valid Discharge Measurements: 56

Range of Computed Discharges: 0.4 - 84,2 m3/sec.

No. of Curves: One curve with two segmenté

Type: Formula

Curve Stability: Fair

Extrapolation: Not required at present

Description of Control: Channel control low stages and bri abutments

for medium and high stages

Control Stability: Channel control is shifting, abutments are stable

Description and Location of Installations: Standard vertical staff gauges

on the left bank of the river, 0-1 m hammered into riverbed, 1-5 m set in

concrete, downstream the cableway.

Table 5.168 ~ Priorit dilachares eanains staties.

P



Region: Ruvuma
River Name: Hanga
Station Name: Hanga at Road Bridge

National Station Code: 1 RB 11

Code No.: 28
Latitude: 10° 10' 00"
Longitude: 35° 39 30"
Altitude: 780 m

Catchment Area: 1400 km2

Established: 1976.06.25

Observation Frequency: Twice daily

Period of Discharge Measurements: 1976.09.02 - to date

Range of Water Level: 1.L0 - 8.14 m

3
Range of Discharge Measurements: 3.2 - 208.9 m /sec.

No. of valid discharge measurements: 49

Range of Computed Discharges: 2.4 - 419.5 m®/sec.

No. of Curves: One curve with two segments
Type: Formula

Curve Stability: Fair

Extrapolation: Satisfactory

Description of Control: Channel control for low stages bridge abutments

for medium and high stages.

Control Stability: Channel control is shifting, abutments are stable
Description and Location of Installations: 0-7 m standard vertical staff
gauges attached to angle iron on the left bank of the river upstream the

bridge and the cableway.




Region: Ruvuma
River Name: Mngaka
Station Name: Mngaka at Road Bridge

National Station Code: 1 RB 6

Code No.: 292
Latitude: 10° 33' 30"
Longitude: 35° 00' 01"
Altitude: 800 m

Catchment Area: 688 km2

Established: 1976.07.0%

Observation Frequency: Dry season twice daily, wet season three times daily

Period of Discharge Measurements: 1976.05.08 - to date

Range of Water Level: 1.02 - 4,89 m

Range of Discharge Measurements: L.7 - T8.5 m3/sec.

No. of Valid Discharge Measurements: 60

Range of Computed Discharges: 1.9 - 133.8 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Reasonable

Extrapolation: Not required at present

Description of Control: Rock bar across the channel

Control Stability: stable

Description and Location of Installations: Standard vertical staff gauges

1-2 m hammered into riverbed 2-7 m set in concrete just upstream the bridge

on the left bank of the river, upstream the cableway.

Lo

o8 .. . .
Table 5.187 - Prioritv Aischarse gaucsiar sta



Region: Iringa
River Name: Ruhudji
Station Name: Ruhudji at Kifunga Falls

National Station Code: 1 KB 18 B

Code No.: 294
Latitude: 9° 17' 35"
'Longitude: 34° 56+ 10"
Altitude: 1845 m

Catchment Area: 410 km2

Established: 1976.01.05

Observation Frequency: Twice daily

Period of Discharge Measurements: 1976.01.05 - to date

Range of Water Level: 0.69 - 2.04% m

Range of Discharge Measurements: 2.3 - 30.1 m3/sec.

No., of Valid Discharge Measurements: 57

Range of Computed Discharges: 1.3 - 3kL.6 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Reasonable

Extrapolation: Satisfactory

Description of Control: Rock bar across the channel

Control Stability: stable

Description and Location of Installations: 0-3 m standard vertical

staff gauges on the left bank of the river 5 m upstream the portable

traveller posts.




Region: Mbeya
River Name: Piti
Station Name: Piti at Itigi Road Bridge

National Station Code: 3 DA 3

Code No.: 333
Latitude: 7° 26' 00"
Longitude: 33° 25' 30"
Altitude: 1LSO m

Catchment Area: 800 km2

Established: 1977.01.09

Observation Frequency: Twice daily

Period of Discharge Measurements: 1977.02.12 - to date

Range of Water Level: 0.0 - 1.98 m

Range of Discharge Measurements: 0.08 - 5.7 m3/sec.

No. of Valid Discharge Measurements: 32

Range of Computed Discharges: 0 - 10.9 m3/sec.

No. of Curves: One
Type: Formula

Curve Stability: Reasonable

Extrapolation:

Description of Control: Rock bar across the river

Control Stability: stable

Descripéion and Location of Installations: 0-2 m standard vertical

staff gauges attached to angle iron on the right bank of the river

just upstream the bridge.

8

Table 5.20° - Priority Jdischarge pausing staliod,



Region: Mbeya
River Name: Rungwa
Station Name: Rungwa at Itigi Road Bridge

National Station Code: 3 D L

Code No.: 5hk
Latitude: 6° O7' 15"
Longitude: 33° 31' 00"
Altitude: 1220 m

Catchment area: 3240 km2

Established: 1976.07.29

Observation Frequency: Twice daily

Period of Discharge Measurements: 1977.01.11 - to date

Range of Water Level: 0.0 - 3.99 m

Range of Discharge Measurements: 0.2 - 40Q.6 m3/sec.

No. of Valid Discharge Measurements: 69

Range of Computed Discharges: O - Ll.L m3/sec.

No. of Curves: One curve with two segments

Type: Formula

Curve Stability: Fair

Extrapolation: Satisfactory

Description of Control: Channel control for low stages and bridge abut-

ments for medium and high stages.

Control Stability: Channel control is shifting, abutments are stable

Description and Location of Installations: 0-5 m standard vertical

staff gauges attached to angle iron on the right bank of the river

Just upstream the bridge.

Tablic 3.21Y - Brioviiy dicchoarse smmneives stotion



Region: Mbeya
River Name: Luika
Station Name: Luika at Gua Road Bridge

National Station Code: 3 E 1

Code No.: 953
Latitude: 8° 2L°
Longitude: 32° 55!
Altitude: 1050 m

Catchment Area: 1700 km2

Established: 1957.02.22

Observation Frequency: Twice daily

Period of Discharge Measurements: 957.02.22 - to date

Range of Water Level: - 0.50 - 3.98 m

Range of Discharge Measurements: 0.02 - 1L1.5 m3sec.

No. of Valid Discharge Measurements: 111

Range of Computed Discharges: 0 - 30L4.L m3/sec.

No. of Curves: One curve with two segments
Type: Formula

Curve Stability: Fair

Extrapolation:

Description of Control: Rock bar across the channel for low and medium

stages, bridge abutments for high stages.

Control Stability: stable

Description and Location of Installations: - 0.5 - 4 m standard vertical

staff gauges attached to angle iron on the right bank of the river just

upstream the bridge.

Table 5.228 - Priority discharge gauging staiion.



IRINGA

NAME

CODE YEAR OF REGISTRATION NO. OF SAMPLES

Little Ruaha
Ndiuka 1KA2A 1970,71,72,75 9
Great Ruaha
Mtera 1KAS 1956,57,58,59,60,

T1,72,73,74,75 229
Ndembera
Ilongo 1KA15A 1956,57,58,70,71 36
Little Ruaha
Thimbo 1KA21A 1958,59,70,71,72,75 83
Mtitu
Mtitu 1KA22 1970,71,75 i
Huhuni .
Iyayi 1KA23A 1971,72,76 13
Njombe
Ifumba 1KA29 1958 17
Little Ruaha
Mawande 1KA31A 1970,71,73 3L
Little Ruaha
Makalala 1KA32A 1971 L
Lukosi
Mtandika 1KA3TA 1957,58,59,70,71,

T2,7h,75 1T
Little Ruaha
Iwawa 1KA39A 1970,71,75 11
Ruaha
Malangali 1KAS6 1971 5
Great Ruaha
Msembe 1KA59 1970,71,7L,75 227

_ Kigogo Ruaha

Ficks Br. 1KB6 1958,5¢2 57

Table 5.258 Sediment Data Availability, (cont.)



RUVUMA

NAME CODE YEAR OF REGISTRATION NO. OF SAMPLES
Ruhuhu

Masigira 1RB2 1976 Lo
Kitewaka

Maboga 1RB9 1976 19
Ruvuma,

Muhiga 1Q7 1972 ok
Likonde

Ligowonga 1Q10 1972 T
Msinjewe

Mtwara 1Q11 1973,7h4 32

Table 5.258 Sediment Data Availability.



MBEYA

NO. OF SAMPLES

NAME CODE YEAR OF OBSERVATION

Chimala

Chiteleko 1KATA 1970,71,74,76 5
Great Ruaha

Salimwani 1KA8A 1970,71,72,73,74,T6 1k
Kimani

G. N. Road 1KA9 1957s58 959971373576 90
Mlomboji

Mlombo ji 1KA10A 1971,74,76 3
Liosi

Igurusi 1KAl16 1974 ,76 2
Mbarali

Rujowa F. 1KA19 1958,59 35
Great Ruaha

Mkupule 1KA27 1971,72,73 15
Ndembera

Madibira 1KA33A 1970 1
Ipatagwa

G. N. Road 1KALksSA l971,7h 2
Mswiswi

Willgma 1KA50A 1971,7h 2
Umrobo .

G. B. Road 1KAS51A 1970,71,7h 3
Kiwira

Kyela 1RC2A 1970,71,72 L
Mbaka

Mwaya. 1RC34A 1969,70,71,72,73 11
Kiwira

Natural Br. 1RC8 1970,71,72 6
Songwe

Iwe 3A2A 1970,71,72,74,76 26
Mbalizi

G. N. Road 3AL 1970,72,7h,76 12

Table 5.258

Sediment Data Availability, (cont.)



MBEYA

NAME CODE YEAR OF REGISTRATION NO. OF SAMPLES
Nzovwe

G. N. Road 386 1970,72,73,76 T
Ruanda,

G. N. Road 3ATA 1970,72 2
Myovisi

G. N. Road 3A8 1970,72,76 6
Mlowo

G. N. Road 3A1LA 1970,71,72,73 10
Lupa

Itigi 3A15 1970,71 >
Lupa

Lupa Market 3416 1972,T4 8
Songwe

Galula 3817 1976 11
Mpemba

G. N. Road 3B8 1971,72,76 T

Table 5.258

Sediment Data Availability, (Cont.)



Rating Curve

Station Code Qs = Tonnes/day Limits validity
1KAS Q = o.hgxlo'lqvl’wh 25.0 1%/5<Q,€50.0 n’/s 17/3-1971 = 31/5-1971
Q = 0.85Q"°'813 50.0 n3/8<Q <60.0 u’/s 1/6-1971 - 27/5-1975
1KA3TA Q = 0.77x10-5th'282 10.0 m3/s<Qv<60.l m3/s 29/5-1970 - 23/4-197h
1KA15A Q = 0.263 qv0.979 10.0 83/s<Q,<100.0 m’/s  10/12-1956 - 20/10-1971
34k q, = 0.196 ¢ 1% 0.1 u3/s<Q 2.5 /s 17/1-1970 - 5/5-197h
3A144 Q, = 0.286 qv1'669 0.5 8%/5<Q<25.0 /s 19/6-1970 - 19/11-1973
1RC3A Q_ = 0.132 Qvl‘56T 3.0 8°/5<Q,<300.0 w’/s  10/12-1969 - 19/4-1976
3824 q = 3.07 ¢ 2 0.1 03/s<Q<35.0 /s 13/6-1970 - 11/10-1970
Q - o.hlaqvl.OS 0.3 m3/s<qw<bo.o w/s 12/10-1970 - 2/6-197Th
3A164 ‘ Q, =0.253 le'27l 1.0 m3/s<Qw<2O.0 /s 15/12-1972 - 2/6-1974
3E1 Q = 0.648 Qul'Beh 0.1 m3/s<Qv<25.O o /s 13/3-1971 - 31/5-1971

Table 5. 268 '

- Sediment rating curves.



Number Estimated Flow Estimated Catchment Yield Date
L/S Area km® L/S/km?
7501 165.0 6L.6 2.6 09.09.80
7502 4,2 1.0 h,2 06.08.80
7503 2.0 1.0 2.0 01.08.80
750k 19.5 3.7 5.3 03.07.80
7505 25.0 10.2 2.5 30.07.80
7601 85.0 37.3 2.3 20.08.80
7602 66.5 9.9 6.7 30.06.80
7603 236.0 18.5 12.7 01.07.80
760k 413.0 81.1 5.1 11.08.80
7605 90.0 159.3 0.6 25.08.80
8201 50.0 23.6 2.1 19.09.80
8301 165.0 22.4 7.3 10.10.80
8302 60.k 5.7 10.6 01.08.80
8303 43.7 42.8 1.0 09.10.80
830k 33.0 13.9 2.4 23.12.80
8305 16.8 13.6 1.2 21.07.80
8306 190.0 40,0 4.8 26.12.80
8307 5.0 .1 1.2 ¢8.07.80
8308 50.0 22.1 2.3 27.11.80
8309 10.0 4.0 2.5 28.11.80
8310 7.0 1.6 L.h 27.11.80
8311 23.9 3.2 7.5 26.12.80
8312 L6.3 33.4 1.4 14,10.80
8313 336.0 177.3 1.9 16.10.80
8314 4.0 1.2 3.4 26.12.80
8315 1358.0 339.8 4,0 09.09.80
8316 41.3 5.2 5.1 13.05.80
8317 8.0 1.4 5.7 28.11.80
8318 14,0 23.9 0.6 27.11.80
8319 42,0 76.6 0.5 07.10.80
8401 274.0 <0.1 05.12.80
8501 24,0 12.5 1.9 15.12.80
8502 120.0 11.7 10.3 17.12.80
8503 48.0 3.2 14.8 15.12.80
8504 270.0 7.2 37.3 17.12.80
8505 48.0 3.7 12.8 16.12.80
8506 6.0 1.0 6.0 16.12.80
8507 67.0 4.7 1L.2 21.07.80
8508 4,0 0.5 8.0 21.07.80
8509 20.0 1.2 16.7 21.07.80
8510 9.6 2.7 3.6 14.10.80
8511 5.6 1.0 5.6 14,10.80
8512 12.0 1.3 9.2 15.10.80
8513 5.6 0.7 8.0 13.10.80
851k 15.7 2.5 6.3 03.06.80
8515 15.0 1.6 10.0 25.07.80
8516 78.0 22.1 3.5 25.07.80
8517 8.0 2.4 3.3 30.06.80

Table 5.278 Stream gaugings (cf. Map

Box 3-VIII).



Date

Number Estimated Flow Estimated Catchment Yield
L/S Area L/S/km?

9201 66.3 11.8 5.7 23.10.80
9202 100.0 7.8 12.8 24.10.80
9203 6.5 2.5 2.7 23.10.80
9204 b3.2 2.5 17.6 22.10.80
9205 15.0 8.4 1.8 03.10.80
9206 5.1 11.8 0.4 25.09.80
9207 119.0 73.7 1.6 11.07.80
9301 12.5 1.4 8.9 27.06.80
9302 450.0 9.3 L8. 4L 18.06.80
9303 254k .0 51.0 49,9 19.06.80
930k 191.3 3.3 - 58.0 13.06.80
9305 7.0 0.9 7.8 12.06.80
9306 170.0 1.5 113.3 19.06.80
9307 84.0 8.6 9.8 12.06.80
9308 10.2 6.0 1.7 26.08.80
9309 48.8 3Ly 1.k 26.08.80
9310 12.7 3.3 3.9 26.08.80
9311 216.3 18.3 11.8 26.08.80
9312 288.0 24 .8 11.6 24.07.80
9313 33.6 3.8 8.8 29.07.80
9314 1k4.0 1.5 9.3 24.07.80
9315 87.5 3.8 23.0 22.07.80
9316 98.0 7.4 13.2 26.08.80
9317 L6.1 1.2 38.5 26.08.80
9318 .43.8 0.8 54,8 26.08.80
9319 11.9 7.8 - 1.5 08.12.80
9320 9.8 1.6 6.1 30.07.80
9321 48.0 3.6 13.5 25.09.80
9322 50.0 2.2 22.9 09.09.80
9323 77.0 3.1 2.5 11.12.80
932k 632.0 1k, 7 43,0 05.09.80
9325 727.0 16.4 Lk 05.09.,80
9326 755.0 13.9 54,3 09.09.80
9327 202,2 8.9 22.7 16.12.80
9328 196.0 10.0 19.6 01.08.80
9329 291.0 17.4 16.7 10.10.80
9330 8.3 1.2 6.9 22.09.80
9331 16.8 1.0 16.8 21.01.81
9332 150.0 7.5 20.0 02.10.80
9333 250.0 29,7 8.4 30.09.80
9334 610.0 28.8 21.2 20.01.80
9335 39.0 0.7 55.9 18.10.80
9336 1300.0 53.2 24, b 22.10.80
9337 198.0 9.0 22.0 18.06.80
9338 11.2 5.2 2.1 23.10.80
9339 1.2 0.8 1.5 22.10.80
93Lo 75.5 bk 5.3 04.06.80
9341 32.0 46.5 0.7 20.11.80
93k2 1.5 2.9 0.5 19.08.80
9343 159.0 20.3 7.8 10.12.80
93Lh 10.0 10.5 1.0 22.07.80
.934s 1175.0 117.5 10.0 16.12.80

Table 5.27

8

cont.



Number Estimated Flow Estimated Catchment Yield Date
L/s Area [+~ ¢ 'L/S/km?
9346 140.0 2.8 50.0 16.12.80
93L7 L84 .4 18.1 26.8 19.06.80
9Lo1 20.0 2.8 7.1 24,10.80
9402 20.0 2.0 10.0 0k4.11.80
9403 48.0 2.0 2Lk.0 06.11.80
oLok 28.0 1.8 16.0 0ok4.11.80
9405 40.0 4,0 10.0 08.09.80
9406 3.0 0.8 3.8 ok.12.80
9407 50.0 1h4.2 3.5 25.09.80
9408 5.0 0.4 12.5 03.09.80
9409 12.0 1.5 8.0 24.09.80
9410 24,0 1.5 16.0 10.09.80
9Lkl1l 20.0 2.1 9.7 10.09.80
9k12 12.0 1.5 8.0 25.09.80
9413 590.0 95.6 6.2 08.09.80
9Lk1l 70.0 T.7 9.1 22.09.80
9415 8.0 0.4 20.0 10.09.80
9Lh16 26.4 2.5 10.6 0k4.11.80
9L17 5.6 0.5 11.2 23.09.80
9418 20.0 1.3 16.0 06.11.80
9419 24.0 2.3 10.7 06.11.80
9420 4.0 1.4 2.9 ok.12.80
9501 40.0 2.4 16.9 06.09.80
9502 20.0 1.4 1L.6 05.09.80
9503 30.0 2.1 1L4.6 05.09.80
9504 15.2 1.0 15.2 23.10.80
9505 17.6 1.k 12.6 23.10.80
9506 2.k 0.3 8.0 24.09.80
9507 80.0 11.9 6.7 08.09.80
9508 350.0 4.5 78.0 04.09.80
9509 12.8 0.4 32.0 23.10.80
9510 11.2 0.8 14.9 22.10.80
9511 12.0 1.7 7.1 22.10.80
9512 36.0 1.8 20.5 04.09.80
9513 9.6 1.0 9.6 24.09.80
10401 3.2 1.0 3.2 18.11.80
10L02 2.5 0.5 5.0 22.10.80
10403 56.0 2.0 28.0 22,10.80
10Lok 30.0 L8.5 0.6 28.10.80
10Los 80.0 9.4 8.5 01.12.80
10406 4.0 1.0 4.0 29.11.80
10k07 2.0 1.0 2.0 28.11.80
10501 3.0 0.3 9.8 24.11.80
10502 4.0 0.2 20.0 24,11.80
10503 8.0 5.4 1.5 24,11.80
10504 8.0 1.5 5.4 23.11.80
10505 8.0 1.0 8.0 23.11.80
10506 5.0 1.5 3.3 05.11.80
10507 6.0 1.7 3.6 07.01.81

T

Table 5.27 8 cont,



Number Estimated Flow Estimated Catchment Yield Date
L/S Area L/S/km?

10508 4.0 1.4 3.5  25.11.80
10509 4.0 1.0 L.o 8:01.81
10510 8.0 4.3 0.6 7.11.80
10511 26.0 1.0 26.0 7.11.80
10512 28.0 12.3 2.3 13.10.80
1001 3.0 .6 0.8 21.11.80
11401 15.0 0.7 21.0 2.12.80
11501 2.5 2.8 0.9 19.11.80

Table 5.278 cont.
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Introduction

This working paper describes the main features of the programme package
developed by DHI (Danish Hydraulic Institute) in cooperation with CCKK.
The package is designed to deal with water level data, rating curve data

and discharge data and corresponds to the techniques utilized by Maji.

Furthermore, the format and the management of the data allows a direct
transfer to tapes compatible with the ICL-computer available to Maji at

present,.



As a part of the hydrologic investigations, to be carriea out on the TWMP,
the acquisition and analysis of hydrologic varilables play an important role.
Iﬁ order to plan and execute this work as smooth as possible, a compact and
easy accessible data base for the storage of hydrological data must be avail~
able. Such a data base has been designed at Maji-Ubungo, and contains today
water level and discharge observations on daily basis for 55 stations over

an average period of 16 years. Rating curves and tables - transfering water
level to discharge values - are stored as well. The future maintenance of

the data base will involve three different tasks, i.e. correction of exis-
ting data, extension of the number of stations included to 85, and finally

updating of all records to 1980.

DHI has developed a series of interactive programs to serve these purposes.
The programs have been constructed in order to utilize the system options
of the NEUCC - IBM 3033 computer as much as possible, which implies that
most of the work concerning correction and extension of data is controlled
by the system editor and the operator during the execution of the programs.
The possibility of false information needed to access a specific area in
the base (a certain gauge-station in a certain period), is minimized in
this way. The process of accessing and editing the data for a specific
station in a specific period is done stepwise - the program continues posing
questions to the operator until the entire data area is fully determined -
and hereafter the data are displayed on ther terminal screen and the opera-
tor is allowed to do his corrections, simply by moving the cursor to the
observations or parameters in question, By terminating the corrections,

the modified data is copled into the data base on the right location.

In order to illustrate how the programs actually operate, an example of the
process involved in correcting an existing rating curve is shown., We wish

to correct the rating curve for station No. 9 with the validity period
21/11/1967-27/7/1971: The units are wrong and the parameters for curve No. 2
have been revised. Finally a third curve has been added, and should be inclu-
ded on the data base as well. The messages and questions from the program

have been framed.



INPUT OF PARAMETERS FOR OPDATING
RCS DATA TYPE CODE NUMBER OF
STATION TO BE OPDATED

SELECT UPDATING-PROCEDURE 1 OR 2
1) INSERTION OF NEW RATING
2) CORRECTION OF EXISTING RATING

TYPE FIRST DAY OF VALIDITY-PERIOD
DAY, MONTH, YEAR

1967.11.21

The data field so specified is now being located on the rating curve file
(Maji-structure maintained) and subsequently copied in a translated form
to a temporaty file. This file is then assigned to the system editor,

where it is displayed like this:

S R R L T A T S A = I R A R e L LT e,
P VARG CURVE

STATION CODE NUMBER

YELIDTTY FERTODE © 29,714 PRS2y 5
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The operator is now free to do the corrections: All possible .corrections
are allowed, new curves can be included after the two existing already,
validity period can be changed etc. In the following example, however,

the rating is modified to:
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STETLOR CODE WURMEER i
CVELLDYTT FERIODE S 2 LA N RO N R )
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The operator now terminates the editing phase by issuing a specific command ,
reassigning the execution control to the main program, which merges the

corrected curve into the data base. The process is completed.

The program for updating the mean water level base has a similar structure.
Whenever the rating or water level data has been updated, the discharge
base has to be updated as well. For this purpose a third program has been
developed, requiring data for station code and years to be updated only,
the program locates and combines values of rating and water level automati-

cally and stores the updated records in the base.

Summary

Programs to maintain the TWMP hydrological data base have been developed.
For each hydrologic variable - water level, rating and discharge - a set
of two programs have been constructed, one to opdata the series of records,
and one to list the content of the base for a specified number of stations
in a specified period. In Annex A of this note, examples of listings of

variables are attached.



Examples of Data Layouts
for Station 1KA 21A



NATIONAL STATION CODE 1KA21A

TAGE OBSER 1 .
s SERVATIONS (M OK FT) REXESion - LhefHONA
STATION CODE NO 9 YEAR 1972 RECION.  IRINGA
DATE JaN FED MAK APR NAY JUN JuL AUG SEP ocT NOV DEC
. . . . 2. . .47 . 1.32 .32 . .
O S T ST VO VS T RS ST I E O E AR T AE
3 IR 1.7 2:62 2.83 2.9 1.86 1.62 1149 10 1032 1.23 1.54
' 3 28 A & 2k 298 e g 1a 1.3 18 -5 1:92
§ 18 @ %80 S8y & 1Bg 12 e Y 6w e 1R
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NATIONAL STATICN (006 1=A LA € aveEsl LT eRUANA
LOCATION: InIwuw
STATIC I r o QEGION: IRINGA
NISCHARGE IN »A/S
YEAR 1672
DT E Jau Lad wsi ART HAY JuUN
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Appendix b
Refers to Volume T, Chapter 6.
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cient of the raw data. For the priority stations.
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Perennial rivers

Average Range of
National Region River Location recession average
station constant recession
code -1 constants
klday ] k [day™1]
1KA21A Iringa Little Ruaha Thimbu 0.009 0.007-0.011
1KA22 Iringa Mtitu Mtitu 0.005 0.005-0.006
1KA3TA Iringa Lukosi Mtandika 0.00kL 0.003-0.00k
1RC8A Mbeya  Kiwira Natural Brigde 0.00k 0.002-0.005
1KA2A  Iringa Little Ruaha Ndiuka 0.008 0.006-0.009
3A8 Mbeya  Myovisi G.N. Road 0.008 0.007-0.008
1RCSA Mbeya  Kiwira Kiwira Village 0.00k4 0.003-0.005
1KB19 Iringa Hagafiro Hagafiro 0.008 0.007-0.009
1KATA MbeYa Chimala Chitekelo 0.010 0.009-0.011
1RC3A Mbeya  Mbaka Mwaya 0.010 0.005-0.013
3A2A Mbeya  Songwe Ive 0.007 0.003-0.010
1RB2 Ruvuma Ruhuhu Masigira 0.005 0.00L-0.005
Intermittent rivers
Average Range of
recession average
National Region River Location constant recession
station constant
code k [day~1] k [day—1]
3A15 Mbeya  Lupa Ttigi Road 0.039 0.026-0.051
3B8 Mbeya  Mpemba G.N. Road 0.029 0.022-0.040
1KAI10A  Mbeya Mlomboji G.N. Road 0.031 0.013-0.053
Ephemeral rivers
Average Range of
recession average
National Region River Location constant recession
station a1 constant
code k [day "} k [day-1]
1KA23A  Iringa Huhuni Iyayi 0.077 0.048-0.1LL
3DA3 Mbeya  Piti Itigi Road Br. 0.051 0.0L4-0.055
3E1L Mbeya  Luika "Gua Road Br. 0.077 0.069-0.085

Table 6,18 Baseflow recession constants and their approximate range.



1ABLE __6.28

EXTREME FLOW ANALYSIS

MINIMUM  FLOW

NATIONAL ‘STATION CODE: 1KA22
DURATION RETURN EVENT STANDARD
DAYS oD m3/sec. ey
2 1.50 0.12
5 1.21 0.07
1 10 1.13 0.10
20 1.08 0.13
50 1.05 0.16
2 1.78 0.12
51 1.kh 0.08
30 10 1.32 0.09
20 1.24 0.12
50 1.19 0.16
2 2.25 0.1k
5 1.82 0.10
120 10 1.66 0.10
20 1.55 0.13
S0 1.46 0.17




TABLE __6.3.8

EXTREME FLOW ANALYSIS

MINIMUM  FLOW

NATIONAL 'STATION CODE: 1KA3TA

DURATION RETURN EVENT STANDARD
TERIOD | m?/sec. | DEMATON
2 10.87 1.04
5 8.70 0.58
1 10 8.09 0.95
20 T.79 1.29
50 T.61 1.58
2 12.26 1.02
5 10.29 0.61
30 10 9.79 1.07
20 9.55 1.41
S0 G.h1 1.68
2 14.05 0.65
5 12.16 0.51
120 10 11.39 0.51
20 10.89 0.62
S0 10.46 0.83




TABLE -___6...13_6?-

EXTREME FLOW ANALYSIS

MINIMUM FLOW

NATIONAL ‘STATION CODE: 3A8

DURATION RETURN EVENT STANDARD
DAYS $§2&%D M3/ sec. .a%‘;‘g;g’“
2 0.3k 0.03
s 0.27 0.02
1 10 0.24 0.02
20 0.23 0.03
50 0.22 0.0k
2 0.42 o.'o.3
S 0.32 0.03
.30 10 0.27 0.03
20 0.24 0.0k
50 0.21 0.05
2 0.55 0.0k
=) O.hlh 0.0k
120 10 0.39 0.0k
20 0.35 0.0k
S0 0.32 0.05




EXTREME FLOW ANALYSIS

MINIMUM  FLOW

NATIONAL ‘STATION CODE: 1RC5A
DURATION RETURN EVENT STANDARD
DAYS PP m3/sec. Dy aTION
2 2.42 0.07
s 2.17 0.07
1 10 2.06 0.07
20 1.98 0.08
50 1.90 0.10
2 2.59 0.08
5 2.33 0.07
30 10 2.21 0.07
20 2.12 0.08
50 2.05 0.11
2 2.93 0.10
5 2.62 0.08
120 10 2.49 0.08
20 2.ho 0.10
S0 2.32 0.13




EXTREME FLOW ANALYSIS

T MINIMUM  FLOW

NATIONAL ‘STATION CODE: 1KB19
DURATION RETURN EVENT STANDARD
DAYS PERIOD M3/ sEC. e aTION
2 0.69 0.03
5 0.59 0.03
1 10 0.5k 0.03
20 0.51 0.0k
50 0.48 0.05
2 0.83 o.-olh
5 0.71 0.03
30 10 0.67 0.03
20 0.6k 0.0k
50 0.61 0.06
2. 1.14 0.06
5 0.99 0.0k
120 10 0.93 0.0k
20 0.90 0.06
50 0.87 0.08




EXTREME FLOW ANALY SIS

MINIMUM  FLOW

NATIONAL ‘STATION CODE: 1KATA
DURATION RETURN EVENT STANDARD
DAYS s‘gzlfso m3/sEC. s‘%\;'ggg”
2 0.37 0.06
S 0.23 0.0L4
1 10 0.17 0.0k
20 0.1L 0.05
50 0.11 0.07
2 0.5k o;Qs
5 0.40 0.05
30 10 0.32 0.06
20 0.26 0.07
50 0.20 0.09
2 0.66 0.04
5 0.52 " 0.05
120 10 0.45 0.06
20 0.39 0.07
50 0.33 0.09




EXTREME FLOW ANALYSIS

" MINIMUM  FLOW

' NATIONAL ‘STATION CODE: 1KA32A
DURATION RETURN EVENT STANDARD -
Davs PERIOD m3/sec. | DWATION
2 0.L6 0.08
5 0.28 0.04
1 10 0.23 0.07
20 0.20 0.09
50 0.19 0.10
2 0.57 0;09
5 0.36 0.05
30 10 0.29 0.07
20 0.26. 0.10
50 0.23 0.13
2 1.06 0.1k
5 0.67 0.09
120 10 0.53 0.10
20 0.45 0.13
50 0.39 0.18




EXTREME FLOW ANALYSIS

MINIMUM  FLOW

NATIONAL ‘STATION CODE: 1RC3A
DURATION RETURN EVENT STANDARD
DAYS = 2,';%0 M3/ sEc. EAEZB\;QI:?.N
2 4. hY 0.36
5 3.2k 0.L45
1 10 2.5h 0.5k
20 1.94 0.69
50 1.23 0.98
2 5.20 0.43
5 3.79 0.53
30 10 2.97 0.63
26 2.27 0.80
50 1.h7 1.13
2 7.05 0.76
5 5.50 0.49
120 10 L.96 0.5k
20 4.64 0.73
S0 L.39 0.97




EXTREME FLOW ANALYSIS

MINIMUM  FLOW

NATIONAL ‘STATION CODE: 1RB2
DURATION RETURN EVENT STANDARD
DAYS PERIOD M3ysec, | REYETION
2 18.32 1.55
5 15.75 1.00
1 10 14.83 1.10
20 14,29 1.50
50 13.88 1.97
2 20.69 1.57
5 18.00 1.06
30 10 17.02 1.12
20 16.43 1.47
50 15.96 1.97
2 25.66 2.02
5 22.09 1.59
120 10 20.64 1.60
20 19.68 1.94
S0 18.86 2.57




Hational River Geomorph., ”5‘ Mean Annual Mean Annual 10 year min. 15% fractile 2%% fractile ratio

Station Zone km rainfall runoff s runoff X of menthly of monthly QTS/Q?S
Code om/year 1/8/xa 1/8/xe runof? runoff

i/s/ks? 1/8/ka’
1KA22 Mity A 445 1000 9.1 2.5 11.5 5.9 1.95
1KAS Gt. Ruaha " 67950 500 S1.7 0.0 2.4 0.18 13.33
LKAITA uXosi G 2890 1000 .6 2.8 9.0 5.3 1.70
1RCBA Kiwira R 655 1700 31.c 8.3 39.2 15.8 2.48
1KAZA Lt. Ruaha A 2920 950 6.7 2.6 9.1 2.8 3.25
A8 Myovisi A 152 1250 16.1 1.6 22.0 ! L.s .89
1RCSA Kiwira R a7 1600 25.2 9.5 33.0 15.0 2.20
1KB19 Hagafiro A 153 1500 20.7 3.5 30.0 19.0 3.0c
1KATA Chisals G 167 1300 20.1 1.0 3¢.0 5.0 6.00
1KA23A Huhuni A 803 800 1.6 0 1.36 0.01 136.0
1KA32A Lt. Rushe A 759 1000 5.8 0.3 8.7 19 L.58
1KAS:A Nevwisvi R 5% 1200 12.2 - 13.6 5.0 2.72
1RC3A Moaka R 645 2200 30.5 3.9 L2.e 12.3 3.46
3B1S Mtembva A 8000 1000 L3 0.01 L9 0.3 16.33
1RB2 Rehuhu 4 2220 1100 19.7 6.7 2.2 13.3 1.82
1RB3 Funuhu » 13490 1100 16.8 - 25.1 6.9 3.6
1RC11 Rumakali R 41 1600 - only 1 years dats - - -
3DA3 Piti G 800 150 1.7 [¢] 2.9 0.05 58.00
iRC2A Kivira R 1660 2300 39.5 Sl 51.3 16.7 3.07
3E2 Luike A 1700 850 2.5 o Ll 0.01 L.10
A = Africen/Post African G = Gondwana/Post Gondwana R = Rungwe Volcanics M = More than one broad type

Table 6.118 - Selected stations and hydrological variables used in

regional studies.



retional studies.

National | Catchment | Mean Annual | Mean Annual [ Mean Annual | Geomorpholo-
Station area discharge Runoff Rainfall gic
code km? m3/sec mnm/year mm/year grouping
1KA21A 2k80 17.2 219 1000 A
1KA22 4hs 4.0 286 1000 A
1KA39A 17hk0 12.5 226 1000 A
1KA9 448 7.5 528 950 A
1KA11lA 1600 17.2 340 1000 A
1KAS 67950 114.0 53 500 M
1KA3TA 2890 22.0 2ko 1000 G-
1RCBA 655 20.3 977 1700 R
1KABA 795 14.5 574 1000 G
1KA15A 1360 7.9 184 925 A
1KAS59 24620 105.0 13k 800 A
1KA2A 2920 19.6 211 950 A
3AL 131 1.0 234 1100 R
348 152 2.5 509 1250 A
1KA33A 2190 11.8 170 600 A
3B8 65 0.6 296 1200 A
1KA56 151 2.5 528 850 A
3A1kA 176 2.k 421 1250 A
1RC5A 217 5.5 800 1600 R
1KB19 153 3.2 654 1500 A
1KB20 95 1.6 541 1300 G
1KATA 167 3.k 635 1300 G
1KA12 470 3.0 201 800 A
1KA16 77 1.5 611 1200 G
1KA23A 803 1.3 50 800 A
1KA2T 19941 50.0 32 800 A
1KA31 5193 19.2 116 850 A
1KA32A 759 L.4 184 1000 A
1KA4S 40 1.1 883 1200 R
1KAS1A 55 .7 384 1200 R
1KAS50A 104 1.5 46T 1200 R
1RC3A 645 19.7 963 2200 R
3A2A 763 6.7 279 1200 G
Table 6.128 - Selected stations and hydrological variables used in




National | Catchment | Mean Annual | Mean Annual | Mean Annual | Geomorpholo-
Station area discharge Runoff Rainfall gic
code km? m3/sec mm/year mm/year grouping
3ATA 50 0.9 587 1200 G,R
3B15 8000 35.1 138 1000 A
3A16A 1250 16.1 Lo7 1000 A
1RB2 2220 43.8 622 1100 G
1RB3 13490 226.0 529 1100 M
1RBLA 2480 38.5 490 1100 G
1RB1O shy oL 252 1100 A,C
1RC12A 109 2.9 847 1600 R
1RC2A 1660 65.6 1246 2300 R
3E1 1700 4,6 86 850 A
1RC13 1L1h 32.4 T2k 1500 G
1RD2 292 4.8 519 1300 G
3DA3 800 1.4 54 750 G
3E2 2080 2.1 32 850 A
3A1T 2587 12.6 153 1000 A
1KR18B 500 9.5 596 1200 A
1RB6 688 8.1 372 1200 A
1RB11 1400 15.8 356 1200 A
346 1hk 1.6 437 1000 R

Geomorphological Groupings:

A = African surface

G = Gondwana surface

R = Rungwe volcanics

C = Congo surface

M = more than one group
Table 6.128 - Cont'd.
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Refers to Volume 7, Chapter T.
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Figure 7.68 - Areal weight factors assigned to the rainfall stations at

the Kiwira index catchment.
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Figure 7.138

- Test run, Kiwira catchment at 1RCSA.
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Figure 7.16 =~ Test run, Lt. Ruaha catchment at 1KA32A.
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Figure 7.178 - Test run, Lt Ruaha catchment at 1KA32A.
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Figure 7.19 - NAM simulation of the 1RCS5A Kiwira catchment with
the rainfall input alone from station 99.330k.
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Figure 7.23 - NAM simulations of runoff from the Kiwira catchment
: 1"
at 1RC8A, using the "standard" parameter values.
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- NAM simulations of runoff from the Myovisi catchment

at 3A8, using the "standard" parameter values.
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Figure 7.26° - NAM simulations of runoff from the Mwinamaji catchment

at 1RB10, using the "standard" parameter values.
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Station 98.3509 98.3521 98.3535 98.3538 98.3540
98.3509 1.0 (23) 0.72 (23) 0.53 (12) 0.3L (23) 0.77 (9)
98,3521 1.0 (23) 0.31 (12) 0.b47 (23) 0.32 (9)
98.3535 1.0 (12) 0.73 (12) - (1)
98.3538 1.0 (26) -0.33 (8)
98.35L0 1.0 (9)
Table 7.28 Correlation coefficients between annual rainfall values for

station in or close to the Lt. Ruaha catchment. The figures
in () are the number of values (years) on which the correla-
tion coefficients are based. In cases where the record gaps
indicated in Figure 7.7 are in month with usually no rain-
fall, the gap has been filled with zero rainfall and

the year has been included in the above correlation analysis.



‘\\\\\\\ Station

Day noN8.3509 98.3521  98.3535 98.3538  98.35k0
since 1-1-1960

0-1461 0.13 0.03 0.84 0.00 0.00
1462-2922 0.13 0.03 0.84 0.00 0.00
2923-3804 0.13 0.00 0.41 0.L46 0.00
3805-3957 0.13 0.03 0.84 0.00 0.00
3958-4383 0.13 0.03 0.00 0.00 0.8k
4384-58LY 0.13 0.03 0.00 0.00 0.84
5845-7305 0.13 0.00 0.00 0.46 0.41

Table 7.38 Weight coefficient for the rainfall stations in the mean

areal rainfall calculations for the period 1960-1979.

Station  100.3401 100.3403  100.34%10 100.3502 100.3508 100.3513
100.3401 3.0 (20) 0.05 (18) 0.28 (6) 0.69 (12) -0.08 (10) 0.18 (8)
100.3k403 1.0 (19) 0.65 (6) 0.38 (11) 0.27 ( 7) 0.61 (8)
100.3410 1.0 (6) o0.71 (L4) -~ (2) 0.84 (3)
100.3502 1.0 (12) .51 ( 7) 0.53 (6)
100.3508 1.0 (10) - (1)
100.3513 1.0 (8)

Table 7.h8 Correlation coefficients between annual rainfall values for

stations in or close to the Mngaka catchment. The figures in

() are the number of values (year) on which the correlation

coefficients are based.



Year Areal rainfall Recorded runoff

(mm) (mm)
1960 95k 271
1961 1063 100
1962 1228 315
1963 1601 281
1964 858 257
1965 1036 129
1966 899 118
1967 1125 i78
1968 1018 359
1969 798 160
1970 732 169
1971 726 96
1972 882 146
1973 893 11k
197k 987 169
1975 1129 197
1976 770 212
1977 857 61
1978 924 151
1979 1064 188

Table 7.5 8 Relation between mean annual rainfall and recorded runoff

for the 1KA32A Lt. Ruaha catchment.



Catchment 1RC8A 3A8 1RB2 1RB10
Kiwira Myovisi Ruhuhu Mwinamaji
Area (kmg) 650 150 2200 540
Period 1968-T1 1972-75 1972-75 1978-79
Geomorphological Rungwe African African Mixed
zone Volcanics zones
Rainfall 99.330L 99.3208 99.3h2k Mngaka
stations rainfall
applied x 0.85 99.3315 99.3508 x 0.85
Evaporation Mbeya Mbeya Madaba Songea
data applied Airfield Airfield Airfield
Galula
P (mm/year) 1820 1290 1430 1200
Eé (mm/year) 1460 1690 1280 1280

Table 7.88 The four catchments which have been applied for test of the

NAM streamflow simulations from ungauged catchments using

"standard" parameter values.
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1KA32 Lt. Ruaha index catchment

Rainfall Pot. Evap. Act. Evap. Recharge  Sim. Discharge

Month P E E G Q
o e

1977 dry year (all values in mm)

1 179 129 127 8 5
2 93 116 101 2 6
3 152 124 116 1L 13
Y 91 118 90 7 11
5 39 118 61 0 5
6 0 109 17 0 3
7 0 117 8 0 2
8 5 134 9 0 2
9 1 161 3 0 1
10 9 17k 10 0 1
11 121 1Yy 99 2 2
12 165 137 102 12 in
Year 855 1581 Th3 L5 55
1960 medium year (all values in mm)
1 252 129 119 52 21
2 196 116 114 43 26
3 194 124 123 L8 LT
I 131 118 114 26 4s
5 36 118 83 0 27
6 15 109 L1 0 18
7 0 117 23 0 13
8 0 13k 9 0 9
9 0 161 Y 0 6
10 0 17k 2 0 I
11 0 14l 0 0 3
12 131 137 83 L 3
Year 955 1581 716 173 222
1962 wet year (all values in mm)
1 286 129 129 103 ST
2 268 116 116 » 105 6L
3 235 124 124 103 97
L 150 118 116 26 ' Th
5 25 ' 118 89 0 49
6 0 109 38 ‘ 0 32
7 i 117 23 0 23
8 L 13k 13 0 16
9 0 161 I 0 11
10 10 17k 11 0 8
11 L1 1Lk 38 0 5
12 206 137 89 28 11
Year 1229 1581 790 365 L7

Table 8.38 - Monthly totals of the different water balance elements for the

Lt. Ruaha index catchment in a dry year, a medium year and a

wet year.



1RB6 Mngaka index catchment

Rainfall Pot. Evap. Act. Evap. Recharge  Sim. Discharge

Month P E E G Q
D a

1969 dry year (all values in mm)

1 167 112 111 11 19
2 191 106 102 3k 26
3 228 10k 104 60 50
4 200 gl oL 58 60
5 1 83 68 0 31
6 0 76 41 0 21
7 0 T7 28 0 17
8 0 92 22 0 1L
9 0 120 17 0 10
10 0 148 11 0 8
11 46 139 L1 0 6
12 14k 126 101 1 8
Year 977 1277 740 164 270

- 1975 medium year (all values in mm)

233 112 112 31 27

1
2 205 106 101 LY 28
3 301 10kL 104 126 78
N 2L6 9k ol 98 80
5 13 83 75 0 53
6 1 76 48 0 37
T 2 17 3h 0 30
8 1 92 27 0 23
9 2 120 o2 0 18
10 N 148 16 0 1k
11 30 130 35 0 11
12 148 126 118 0 11
Year 1186 1277 786 299 407

1979 wet year (all values in mm)

1 191 112 112 35 L9
2 319 106 106 134 71
3 324 10h 10h 170 109
L 190 ok ok 85 109
5 140 83 77 60 80
6 0 76 62 0 71
T L T7 Ly 0 52
8 0 92 : 34 0 L3
9 0 120 26 0 31
10 0 148 16 0 25
11 66 139 51 0 19
12 276 126 126 31 3k
Year 1510 1277 852 515 691

8 .
Table 8.4~ - Monthly totals of the different water balance elements for the

Mngaka index catchment in a dry year, a medium year and a wet

year.



1RC5A Kiwira index catchment

Rainfall Pot. Evap. Act. Evap. Recharge Sim. Discharge

Month P Ep Ea G Q

1977 dry year (all values in mm)

1 189 104 10L 28 )
2 173 99 9k 52 43
3 190 103 103 65 60
L 255 98 98 131 86
5 59 90 85 T 58
6 i 83 Lo 0 39
T 13 90 36 0 32
8 16 124 32 0 27
9 21 168 30 0 22
10 129 197 58 2 21
11 31k 157 155 80 56
12 147 114 11k 23 L
Year 1520 1Lho7 958 388 529

1971 medium year (all values in mm)

1 L7 104 G6 0 37
2 L16 99 98 219 96
3 383 103 103 229 13k
i 148 98 97 L7 110
5 123 90 87 39 90
6 2 83 55 0 60
T 3 90 32 0 49
8 0 124 19 0 Lo
9 8 168 16 0 33
10 71 197 52 0 30
11 343 157 103 108 58
12 108 114 110 5 50
Year 1652 1ho7 869 648 789

1979 wet year (all values in mm)

1 397 104 104 239 115

o2 169 99 99 67 8L

3 351 103 103 192 122

4 320 98 98 182 139

5 87 90 8l 39 109

6 Ly 83 6L 2 T2

7 7 90 41 0 57

8 12 12k 33 0 46

9 22 168 32 0 38

10 13k 197 98 0 35

11 208 157 139 9 36

12 350 114 11k 151 79

Year 2101 1k27 1009 881 932
Table 8.58 - Monthly totals of the differeni water balance elements for tLhe

Kiwira index catchments in a dry year, a medium year and a wet year



Iringa region P E Q P-E E

Q/P

areas and broader regions.

average - mean over a number of years.
dry - characteristic dry year (10-year event).
medium - characteristic average year.

wet - characteristic wet year (10-year event).

P P a a 'p

Lt. Ruaha average 970 1581 230 -611.  Thko 0.47 0.24
ary 855 1581 55 =726 - 743 0.47 0.06
. medium 955 1581 222 -626 716 0.45 0.23
wet 1229 1581 Lh7 -352 790 - 0.50 0.36
" Catchment 1.7 1100 1500 350  -L0O 750 0.50 0.32
Iringa 1000 1500 350 -500 650 0.43 0.23
Ruvuma Region P Ep Q P—Ep Ea Ea/Ep Q/P
Mngaka average 1190 1277 410 =87 780 0.61 0.3k
dry 977 1277 270 -300 740 0.76 0.28
medium 1186 1277 o7 -91 786 0.62 0.34
wet 1510 1277 691 233 852 0.67 0.46
Catchment 1.1k 1100 1300 450 -200 650 0.50 0.41
Ruvuma 1175 1400 405 -225 770 0.55 0.34
Mb i P E P-E E E /E P

eya reglon o Q o a a/ b Q/
Kiwira average 1680 127 780 253 900 0.63 0.46
dry 1520  1hot 529 93 958 0.67 0.35
medium 1652  1ko7 789 225 869 0.61 0.48
wet 2101  1k27 932 674 1009 0.71 0.4L
Catchment 1.11 1900 1200 800 700 1100 0.92 0.k42
Northern Mbeya 815 1800 200  -985 615 0.3k 0.25
Southern Mbeya 1120  130C 430 -180 690 0.53 0.38
Table 8.68 - Comparison of hydrological characteristics between index



NUMERICAL IMDEX AND REGISTER (F WATER RIGHT APPLICATION

AS XHOIR AT WATER (FFICE DAR-ES-SALAAN

(IRDNA) REGION
uAmcm ANOUNT PURPOSES SOURCE GRANTE®
G.P.D. CUSECS
1008 2,000 Domestic & Industrial Lufumbo River Ndungu Sisal Estate
2419 3,240,000 Power Rupari River Luponde Tea Estate Ltd.
1946 2,750 Domestic Madopi River J. B. Christophersol
1027 S00 —do- Trib. of Madopi River Knud Matzon
1654 3,400 Domestic & Industrial Trib., of Rugalawa R. Agriculture Dept.
11lo Full Flow —do- Well R, C. Mission Luilo
1113 15,000 —do— Lukongoti River R. C. Mission Iringa
1843 2,000 —do- Unnamed Stream Agric. & Co~operation
1108 1,100 —do— Lumbira River R, C. Mission Uwemba
1941 540,000 Irrigation Unnamed Stream S. K. Walji & S. J.
Shivji
2228 15,400 Domestic & Industrial Tandara Strean Diocese of Iringa
224 640 Power Ikonda River Consolata Fathers
lolo 3,000 Domestic Makombe River Ndungu Sisal Estate Ltd.
2043 2,000 Domestic & Industrial —do- -do—
3 2,880 —do- Ukanyange River A. C. Maher
4 17,000 Power ~do— -do—-
1099 2,450 Domestic & Industrial Mahangi Stream ~do-
1112 Whole Flow —do— Well R. C. Mission Matola
1111 1,lo00 —~do— Unnamed Spring N. C. Mission Sunji
2326 7,000 —do- ~do~ Behediltina Mission
Matola
loo4 10,000 ~do- Ruaha River Tanganyika Wattle Co. Ltd,
998 2,00¢ —do- Unnamed Stream —do—
looo 2,000 Domestic & Industrial Unnamed Spring Tanganyika Wattle Co, Ltd,
lo3o 300 Domestic ~do- N. C. Pany
1028 300 ~do- ~do- S. A. Dharmei
2 98,000 Domestic & Industrial Lyagosa River Tanganyika Wattle Co. Ltd,
997 2,000 —do- Unnamed Stream —~do-
999 2,000 —do—~ —duv—- ~do—
lool 2,000 —~do— ~do— —do—
lo02 5,000 —do- Lilogosa Swamp ~do—
lo03 1,500 —do- ~do~ ~do-~
loo5 52,500 ~do- Lilagose River ~do-
2072 2,000 —do- ~do— —do-
2054 2,500 —do— Ruhudji River R. H. Haris (major)
1561 54,000 —do— —do— Cormworks
181 25,000 ~do- Unnamed Stream Diocese of Iringa
1844 38,300 Irrigation & Domestic Lh;nwned Spring Agriculture Dept.
2027 So00,000 Irrigation Dindimoyo River Lupembe Estate
2031 1,080,000 —do— Upuru River ~do—
2256 Whole Flow —do- Mveruchi River Uwemba Tea Estate Ltd.
15195 5,000 ~do- Unnamed Spring -do-
1906 22,600 —do- Hagafiro River Agriculture
loll 540 Domestic Unnamed Stream Eric Rowland
2260 270,000 Irrigation Hagafiro River —do-
2045 55,000 —do- Bingu River Highlands Tea Cc, Ltd,
1645 2,0c0 Domestic Bingu River Highlands Tea Co. Ltd.
1009 lo,00¢c Domestic & Irrigation Hagafiro River Ndungu Sisal Est. Ltd.
1106 10,800 Domestic & Industrial ~do- R, C. Mission Uwemba
1107 lo,800 —do- -do- —do-
1006 1,500 —do- ~do- William Brown
1015 2,000 Irrigation ~do— G. M. Stockley
1loo 20,790,000 Power —do- Nuldin Bandari
1109 10,800 Domestic & Industrial Unnamed Spring R. C. Mission Kifanya
2479 6.0 Industrial Rupari River Luporde Tea Estate
2517 60,000 Domestic Trib, of Hofwi River Njorbe District Council
2718 60,000 ~do- Trib. of Kiyaga River —do-
2519 60,000 —do- Trit. of Ruaha River —do-
2523 4,000 —~do- Nyachera River Regional Trustee Diocese
of Iringa
2563 A5, 0 Industrial Rirakali River Bulongwa Esp. (E.L.C,T.)
2648 32,0cc Deresntic Lwasalaia River —do-

Table 8 .78

- Present water Appropriation in Iringa, Ruvuma and Mbeya.



AS XNQUN 47 VATIR CFVICE DAR-ES SAIAAN '
TRONA) I
+ WATER RIGET ANOUY?® FURPOSES BOURCE aRANTEE
Moo 6.P.D. cusxCs
2608 2.0 Mstic & Irrigation 1goli River Director of Agriculture
2651 l.0 Irrigation Lihogoza Swamp Tanganyika Wattle Co, Ltd.
4180 1,300,000 Domestic, Livestock & Mbikwa River D. D, D.
Irrigation
4197 5,000 Domestic Kifanys Spring ~=do=
4251 7,000 ~do- Matika Spring ~do—
4252 6,000 ~do— Lake Kyasa ~do-
4253 27,000 Dom. & Pish Farming Kitete River —do—
4254 329,500 L/d Domestic & Livestock Itamba River D, D, D.
4247 30,000 Domestic Mwalailala River Bulongula Hoep. (E.L.C.T.)
4255 9,000 Domestic Magoda Stream D. D. D.
4298 60,000 Fieh Parming Ruhud ji River District Natural Resource
4331 6,000 Domeatic & Irrigation Spring Diocese of Njombe
4332 8,000 —do- Three Springs ~do~
4313 4,500 ~do- Lumbila River —do—
4334 l.0 Power Zdo— —do-
4335 4,000 Domestic & Irrigation Spring ~do-
4336 4,000 —do- Two wells ~do—
4337 2,800 ~do- Nyamabingwa Spring ~do-
4402 2,500 Irrigation Lumbila River —do—
2421 108,000 0.2 Irrigation Waso River Mufindi Tea Co. Ltd.
2422 270,000 0.5 —do— P:.i.kiri River —do—
2542 7,800 Domestic Tufezu éprin( Reg. Trustee Diocese of
Iringa
4004 0.7 Irrigation Luisengs River Brooke Bond Liebig Ltd,
4037 18,000 —do— Kitendege River P.W,J. Nothers
4050 55,000 Domestic Nyamalala River D. D. D,
4143 20,000 Dom, & Fish Parming Lake HNziwi ~do-
4144 0.5 Irrigation Lugoda A Stream Brooke Bond Liebig Ltd.
4145 0.5 ~do- Lugods D Stremn ~do-
4146 0.6 ~do— Luisengs River ~do-
4147 0.5 —do— Chambings Stream —do—
4148 0.5 Irrigation Homani River Brooke Bond Liebig Ltd.
4149 0.3 —do- Inaso River —do-
4215 115,000 1/4 Domestic Sao Hille Spring Regional Forest Officer
4220 13,000 n /4 Irrigation Caldacars River Brooke Bond Liebig (T) Ltd.
421 600 Domestic & Irrigation Makungu-Mgololo Stream Regional Trustee Diocese
of Iringa
4223 203,000 1/d Domestic Ruaha River D. D. D,
4288 405,000 Irrigation Fikiri River Mufindi Tea Co. Ltd.
4296 225,000 ~do- ~ Mwaani Stream Reg. Agri. Dev. Officer
4376 0.2 ~do- Mzanza River Brooke Bond Liebig (r) Ltd.
4317 0.2 —do- Timbwi River ~do-
4378 0.24 —do— Kinoga Stream —do-
4379 0.3 —do- Nakimnga River —do-
4380 0.4 —do- Kidofi River —do-
4381 0.18 ~do- Luhanga River —do-
4403 3,000 Domestic Nyamifwa Spring Diocese of Iringa
4415 115,000 1/d -do~ Little Ruaha River Regional Prisons Officer
4607 86,320 o /&  Domestic & Industrial Kigogo Ruaha River N. D. C.
4613 8,000 o> /d ~do- Little Ruahs River Sao Hills Saw Mills
IR. 1 2.5 H. E. P.. Luawadinda Stream Anglican Miesicn
IR, 2 20,000 Irrigation Shallow Well Headmaster Mkwawa Sec.
School
IR, 3 6,000 Domestic Kidulego Stream Ikonda Hosp. Consolata
Father
Table 8.78 - Cont'd.
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4c95 049 Mixed Unnamed Spring Manji Mendi Thawer
1163 % Flow Irrigation Unnamed Stream —do-
1431 4 Flow Domestic & Irrigation —do— —do-
1857 0.5 Irrigasion Ndembvera River B, A, Jivraji
1824 6,000 Domestic Mfukulemba Stream Diocesc of Iringa
3636 10,000 Mixed Libena River A. Hanji
1164 0,4 Irrigation Changazi River Meral Shivj: Atkman
1165 0.4 Irrigation Kitewozi River Meral Shivyi Athman
1425 Full Flow Domestic & Irrigation Springs Marion Lady Chesham
2291 10,000 Domestic Spring Tanganyika Educ. Trust
Fund
1122 1,500 ~do— Spring 3. A, Sachedina
674 0.75 Domestic & Irrigation Ndembera River N. C. Mission Sadansi
645 0.85% ~de- —do— —dc-
1545 3.0 Irrigation ~do- Yusuf We Jo Ismail
3639 Whole Flow Domestic Maguena R:ver Costas Soubaris
1166 l.0 Domestic & Irrigaticn Mkewe River Mrs, V. M. McDonald
1098 150 Dorestic —do— A. M. Water Mayer
1749 400 —~do- Unnared Sircam R, Th, Seal
1069 1,000 Domestic & Stock Ngwazi Lake Tanganyika Tea Cc. Ltd.
1092 lo,000 Irrigation —~do-~ —do-
2135 lo,000 Domestic & Stock ~do- ~do-
2118 4,00¢c Pulping Coffee —dc~ —do-
2139 15,000 Domestic Unnamed tributary ~do-
1077 22,000 Domestic & Factory —do— —do-
2249 1,000 Domestic —do- ~do-
1870 15,000 Urban Fefezu River Cormworks
3643 Whole Flow Mixed Lumandi River J. K. Sanders
3644 s of Flow ' Mixed —do— —do-
3645 50% of Flow Mixed Rufunu River ~do-
3646 Sofb of Flow Mixed Mikauli River —do-
3647 3% of Flow Mixed Tefezu River J. K. Sanders
3621 5,000 Mixed Trib. of Little Ruaha J. E. Macartney-Snake
3622 15,000 Mixed "Rumande River —dc~
1919 2.¢c Dormestic & Irrigation Tuferu River —dc-
2372 3,5¢o Domestic Unramed Stream Diccese of Iringa
1575 c.5 Domestic & Irrigation Maguiro Stream Mrs, E. M. Serryman
1605 0.5 Irrigation ~do— H, W, & F. J. Halo
16¢c6 0.5 Mixed Lakcta Stream —do-
673 700,000 Demestic & Irrigaticn Maf:rga Siream Profecture Apostolic of
Iringa
1694 5,0c0 Derestic & Factory Unnamed Streanm Store Valley Tea Co. Ltd.
1693 29,c0C Demestic & Irrigatien -do- —~do-
2283 50,000 Irrigation ~do- ~do-
2285 60,000 —do- Kidofi River -dc-
228 60,000 ~do- Unramed S<tream —do-
2127 3,000 —do- Pangaumbwe River Tanganyika Tea Cec. Ltd.
2137 2,00C Demestac Trite. of Kidef:r River -dc—
1124 Whele Flow —do— Unnarmed S4ream Mufindi Tea Co., Ltd.
2243 360,cco Irrigation Walihanga River —do-
3633 l.c Mixed Little Ruaha R:ver G. Zannetcs
1992 400,000 Irrigaticn -dc~ Ge Do Ko Pzlmer
1700 l.e Domestic & Irrigation Ifwerga River J. Holandes
3699 Hrole Flow Ceneration of Pouwer Ifwenga River IH, Boddy
509 c.d Demestic & Trrigation Lorarbiri River Pommeri Miszion
3635 Whole Flow Mixed Lokamdir: River S. C. Raker
502 200 Domestic Lupa]a/'-:a.kalala Spring  C. L., Tovme
503 1,5%0c0 Demestic Ngwongwa Spring —dc-
Sed 6,000 Dorestic & Irriga::on Hgengwa Dar ~de-
S0¢. 0,5 Irrigation -Go-
3592 1.5 Irrigaticn & Power Towne's Far~ Ltd.
3563 Wrcle ¥Flow Jemestic —de-
3504 1. [rripaticn —dg-
3624 <. —do= i, Clascen
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: 1586 3.5 Electric Power Mtitu Power Iringa Diaries Ltd.
2287 ' l.o Generation of Power -do- Diocese of Iringa
1736 l.0 Mixed ~go— ~do—

979 l.01 Domestic & Irrigation ~do- Alfred Mansfield
2048 200,000 Irrigation Lj:ttle Ruaha River T, H. Constantinides
1427 0433 Domestic & Irrigation ~do- D. H, Papadometrion

980 273,000 Irrigation & Domestic ~do- A, Sarikas

501 9,900 Domeetic & Irrigation ~do- M. H. Shivji
1867 1,500 ~do- —do— Dr. P. D. Lilia

917 2.0 ~do- Kibofu River Js J. & A, E, Baldwin
3630 8o of Flow Mixed Mtabuke River K. B. A. Sachedina
2117 54,000 Diary & Irrigation Little Ruaha River Agriculture Dept,
1868 2.0 Urban ~do- Comvorks
3642 1" Pipe Irrigation —do- B. Kazakedi
2239 12,000 Irrigation Ilole Swamp Diocese of Iringa
1476 38,340 0.071 ~do- Little Ruaha River B. X. Von Freeder

517 1lo,000 ~do- ~do- K. Ansstasiu
lo67 0.5 ~do- ~do- Lalji Kassam Juma
1068 Whole Flow Domestic Unnamed Spring J. E. Gale
1436 250 Mining Unnamed Well Enzo Albertelle
1121 l.o Mixed Kipolwi River Sardina Farme
18%9 0.5 Domestic Irrigation o Ul Diocese of Iringa
2223 lo,000 Irrigation Lupelema River ~do-

2242 9,000 ~do~ Lulenga River l/s Patel Parmers

2069 35,000 Domestic & Irrigation Kinyagana River Diocese of Iringa

675 140 Generation of Power Little Ruaha River TANESCO
1858 0.25 Domestic ~do- Diccese of Irings
34715 2.0 Irrigation ~do- -do—

1559 lo,0 ~do~ —do- Iringa District Council
2238 % Flow Domestic Wezu Swamp Diocese of Irings

N8 0.75 Irrigation Little Ruaha River M. C. Van Cuiethaysen
3626 0.5 Mixed Mlowa River D, Zourc's
3627 0.9 ~do- ~do- M, Mitsingas
3628 0.5 ~do— —do— A. H, Chani
3629 0.5 Irrigation ~do- A. Angeletos
187 30,000 Domestic & Irrigation Itale Cancel Diocese of Iringa
3265 80 of Flow Mixed Ntaguke River J. 1. & A. E. Baldwin
1066 20% of Flow Irrigation Mtaguke River E. A. Golby
3396 5,000 Domestic Well Tosamaganga Mission
2119 1.5 Irrigation Tungamalenga River S. V. Pasette
2118 1.5 ~do- ~do- K. Kaver
2070 T,000 Domeetic & Irrigation Mapogoro River Diocese of Iringa
1869 12,000 Urban Borehole Comworks
1560 0,033 Mixed Natural Drainage John Camboulocouloe
1823 lo,000 Domestic Unnamed Stream Diocese of Iringa

N 1828 74700 —do~ Well —do-

3634 &oo —do- Kibula Stream Corworks
3632 Whole Flow Domestic & Irrigation Well N. Panayotopoleus

981 Boc —do- Mutuwa River Drosiseiotis
1825 Ty 500 Domestic Nyakipambo River Diocese of Iringa
2179 150 -do- Unnamed Stream ¥rs, M, K, Patterson
1822 1o, 500 Domestic & Stock Kilindi Stream Diocese of Iringa
1e72 5,0c0 Domestic & Irrigation fwage River Tanganyika Tea Co. Ltd.
2134 30,000 Irrigation ~do- ~do-

2135 1,000 Domestic Unnared tributary —do-

2149 3,000 —do- —do- ~do-

2154 3,000 ~do= —do- ~do-

lo74 4oo -do~ ~do- -do-

Jels 540 ~do~ ~do- J. H. Dathan

2044 60,650 Domestic & Industrial Tlande River Hig-hlands Tea Co. Ltd,
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2157 2,00¢C Domestic Unnamed tributary Tanganyika Tea Co. Ltd.

1073 4,000 —dc— Kigogo River —do-

1075 4oc ~do- Unnamed tributary —do-

2248 1,000 —do- Trib. of Kigogo —do-

2148 3,0c0 —do- Nyamanyoki River —de-

2150 3,000 ~do- Unnamed tributary —do-

2247 1,000 —de- Sabina River —do~

2122 3,000 —do- Ruiga River —do-

2123 30,000 —do- Ruiga River —do=-

2136 400 —do- Unnamed tributary —do-

1076 1,600 Domestic & Irrigation Trit. of Ruiga River ~do-

lo8o 200 Domestic Luisenga River —do-

1057 2,600 Domestic & Irrigation Trib. of Luisenga R. —do-

1075 14,000 Domestic Homani River -do

1079 1,000 Domestic —de- —do—

2125 3,000 Domestic ~dc- ~do-

2132 12,000 Domestic -do- —do—

2140 8,000 Dorestic —do- ~do~

1435 2,000 Domestic & Irrigation Homani River Tanganyika Tea Co. Ltd.

2152 3,000 Deomestic Trib. of Gwazo River —do-

2129 lo,000 Irrigation Sirzo River ~do-

1426 540,000 Domestic & Irrigation Ideterc River Mufindi Tea Co. Ltd.

1090 200 Domestic Nyamarara River Tanganyika Tea Co. Ltd.

2133 3,00¢C ~do- ~do~ —do—

1071 1,500 Stock & Irrigation Unnamed tributary —do-

2144 16,000 Irrigation Trib. of Nyamagongoro R. ~do-

2141 3,c00 Domestic Kifyanyi River —dc—

loTo 5,000 Domestic & Irrigation Unnamed tributary —dc—

1091 54200 Domcctic & Irrigation —do- —do-

2386 2,000 Irrigation Ibumila River Yeramia Kiwerage

2459 20,000 Domestic & Irrigation Lihama Riwver Masoni Abiyudi

2458 28,000 Irrigation Ifinda River Daudi Maulaga

2469 15,000 Domestic & Irrigation Luhosi River Diocese of Iringa

2413 15,000 Irrigation Luhosi River Mr. Daudi Kayanda

2478 32,000 Irrigation Likima River Anania Abiyudi Wbilinyi

2487 lo,000 Cattle Dips Mloa River Reg. Vetinary officer

2500 8,640 Domestic & Irrigation Bwabwa Stream Regional Trustees of
Iringa

2520 20,000 Public Supply Trib. of Ruaha River Iringa District Council

2543 480,000 Domestic & Stock Mgeid River —do—

2565 1,000 Domestic Tanangozi Stream Mas jid-Tag—Waa

2609 83,000 Domestic & Irrigation Kibuzelo River Selestino P. Firawo

266¢ 18,000 Dorestic Muhiliwa River (ELCT) Southern Synod

4320 50c Irrigaticn Little Ruaha River District Natural
Resources Officer

4321 300 Irrigation ~do- ~do-

4428 Sc,00C Domestic, Livestock & ~do- D.D.D.

Irrigation

4605 i0%,308 1/4 Buixling Creat Ruaha River Mr, J. W. Ladwa

45%0 90,8co l/d Irrigaticn Lukosi River Daudi Xayanda

4207 84,600 '1/d Domestic Lukosi River D.D.D.

4208 90,800 ~do- Magulilwa Stream D.D.D.

4ol6 225,000 1/: —do- Kinyi Stream T.P.D.F,

4039 12,000 Domestic & Irrigation Lukosi River ¥r, Edgar J. Kiwawula

4042 4.0 Dom., Irri. & Pish —do- D.D.D.

Farming
4ca3 20.0 rairny Irrigation Idodr River D.D.D.
season
6.0 dr
seanon

4049 5,00¢ Dorestic Mhinga Haver D.D.D,

£187 [ R Generation of Power (yeat Ruaka River TANESCC

4222 20,0c0 Irrigation L:ttlc Buzha River Rewr. Apri. Dev, Officer

4285 7,5¢0 Domestic & Stock Strear D.D.D,

R0 10,7 T ) P ‘Lo Ruaha
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IR. 4 230,000 1/4 Domestic & Industirial Ngale River Tenganyika Extract Co.
IR. 5 2,To0 Domestic & Irrigation Unnamed Spring R. C. Diocese of Njombe/
Malengali
IR. 6 1,225,000 1/d Irrigation Waso River Mufindi Tea Co. Ltd.
IR. 7 1,225,000 1/a —do— Ao —do-
IR, 8 1,225,000 1/4 —do- Kidofi River Stone Valley Tea Co. Ltd.
IR. 9 0.5 ~do— —do— ~do-
IR. 1o 72,000 Ryskepambo U/V W/Supply Molimba Biver D. D. D, Mufindi
m. 12 10,000 Irrigation Uhansingi Strean Markus M. Kibies
IR. 16 2,000 Domestic Luhangs River Director Brocke Bond
IR. 18 Whole Plow H. B. P. Ntoo Stream R. C. Kipengere
IR. 19 20,000 Irrigation Unnamed Spring G, J. Pliacos
IR, 20 Whole Plow, Domestic Ngowo Stream R. D, D.
IR, 21 20,000 Irrigation Pool Nicos Macheras
IR, 22 1,000 1/d H, B. P, Lupeli River ST. Gertrud Convent
Imiliwaha
TR. 25 40,000 Domestic Unegabihi Stream Ukumbi Ujemes Village
IR. 27 lo nt/gl per Irrigation Walihanga River Stone Valley Tea Co. Ltd,
. Anzrum
IR, 28 30,882 1/a Domestic Kisato River R. D. D.
IR. 3] 0.54 ~do— Ididiga Stream ~do-
IR. 26 1.84 —do- Kitwiru Stream Town Director Irings
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1260 0425 Tobacco Factory Bomba Mbili Strear Ngoni-Makenge Coop. Marketing
Urion
2629 4,200 Domestic use Luwere River Commissioner for Village
Settlement
992 065 Domestic use Matogoro Siream P.H,D,
852 3,000 - do ~ Ruvuma River P.W,D,
708 6,000 - do - Matarauli Stream PoW,D.
To9 1.5 Irrigation usec Ruvura River Kitai Farm
Tlo 1.5 Irrigation likuyu River - do -~
599 20,000 Domestic Ruvuma River PW,D,
488 240 Irrigation Namaguga River Albert Gchreckeriboefer
489 2,0 ~do - Namagug/Hanga River - do -
4487 34,400 1/a Domestic Matetencka Spring D.D.D. - Songea
4485 552,000 1/d - do - Liweta Spring D.D.D. - Songea
4442 51,600 1/d - do - Njoka Spring - dc -
2805 2,406 ~ do - Lihira River - do -
2348 54760 Domestic and Irrigation  Nambeha Spring Benedictine Missicn Peramiho
4473 192,000 1/d Domestic Ligunga Spring D.D.Dy - Tundura
4474 20,000 - do - Makapanya Spring - do -
4475 324000 - do - Mkora River - do -
4416 194,845 Domestic Mlingoti Strear D,D,D. — Tunduru
a“u77 30,000 - do - Ligoma Streanm - do ~
4478 345,600 1/d ~do - Maholela Strean < do -
4479 345,600 1/d Domestic Malasi River DuD.Dy = Tunduru
4480 345,600 1/d - do - Ndenyemova River - do -
4481 192,000 1/d ~do - Mtina Spring - do -
2557 49,060 - do = Narasakata Springs - do -
4512 40,000 - do - Lake Nyasa DeDuDs - Mbinga
4513 loo,000 - do - Luhuhu River ~ do -~
2561 190,620 - do - Lake Nyasa ~do -~
2559 48,060 - do - Gumbiro Spring D.D.Ds - Songea
4130 15,000 - do -~ Luwengu River - do -
4131 12,000 - do ~ Well - do -
4132 9,000 - do - Makagula S4ream - do -
4133 8,000 - do - Well -do -
4134 8,000 -do = Ligera Stream - do -
4502 15,000 -do - Lizaboni St:eam Principal Secrctary, Defence
2717 15,000 - do -~ laika River D.D.D, - Mbinge
4455 2,500 - do - lutonyo River D,D,D, - Songex
4451 11,000 Domestic & Fish Farming Naikese River - do -
4452 8,000 - do - Ngembambtili River ~do -
4453 8,000 - G0 ~ Liluli River - do -
4454 24500 Domestic Lutonyo River ~dc -
4430 100,0 m3/d - do - Mahanje Rver Mzhan je Parisk
8444 lo,000 Irrigation Ruwawazi River Paramiho Mission
4565 170,000 1/¢ Domestic Well Peramiho Mission
4489 lo,000 - do - Njoomlole Spring DoDeD. = Sengea
R.1 20,000 l/d Domestic [ocal Spring -~ Tritutary C, 0, M4 lirga
of Mtinga River
R.2 400,000 l/d [rrigaiion & Pish Farming Nanioka Streun Karisa la Biblia Tunduru
Re3 14,500 Domestic, Irrigation Likende River Diocere of Scngea
and Fish Farring
Red 4o m3/d Domestic and Irrigation Wells - do -
ReS 51,000 - dr = Well - do -
R.7 37,500 1/: orestic Taraisbn Gpringe i ote = Tunduru
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! 3618 Unspecified Irrigation Fanti River Sud-Chief of Choei (Usangu}
3654 5.0 -do - Wwisinu River Jusbe Manambu
3663 Whole flow 411 purposes Ngons River 4.0, Do Villiere
3676 4,320 3 Irrigation and Pactory  Natengo River J. Ambrose
3677 10,000 t Irrigation and Pactory  Matengo River P.X, Hobson
3681 16,000 Domsstic, Pactory, Hanseiwtwa River P.K. Hobeon
Irrigation
R Oaspecified Jomestic and Irrigation Ihamés River -do -
3683 30% of flow -do - Little Ihanda River -do ~
3684 Unspeoified Irrigation Marouje Stream E.K. Clarke
3685 1/lo Mining Purposes Lupa River New Ntumeei Reefs
3695 2 Irrigation and Domestic Mbareli River Mulla &, Pirmohammedi
3696 2 -do - - do - Milla N.S, and Haji Osman Shakar
4142 40,000 Domestic Mdembera River Nbeya District Council
4}84 1.5 Irrigation Matengo River NAFCO ~ Nbeys
4216 6,000 Fish Parming & Irrigetior Matuls River Mre, Margritt Stanle
4217 6,000 -0 - -0 - -do ~
A447 2,370 n3 Domestic and Irrigation Ihoabo River Nordio Twne, Agr. Project.(ARTT)
4582 1.5 Irrigation Bdemdera River NAFCO
4594 232,600 1/4 Domestic Songwe River D.D.D.
4595 135,000 1/4 Domeatic Kimani River D,D.D.
4606 20,000 1/4 Domsstic and Industrial Soagm River ¥beya Cement Co, Ltd,
4079 0.057 Irrigation Mt River D.DeDe
3224 12,000 Domsstioc, Irrigation Vwaws River " WoGs Smeed
and Industirial
3478 1%,000 All purpeses Mwavesi River E.As Clowes
64% 0485 Dosestic and Irrigetion Bieawrs River R.Ce Prefectuse Apostolic
664 Whole output All purposes Welle GoCo Oray
3668 15,000 Domestic Esofwe River White Fathers
3666 1.5 411 purposes Mamse River Mrs, KN, Coster
3667 5% of flow of -do - Immts River lameck Mwaka Xgondya
furrow
3668 - 40 = -do - - 40 - Kasiabtaya Nsasha
3669 Whole flow -do - Chumba River Nrs, Thelre Pouny
3¥6To -d0 - - do - Syring 8.K, Xachra
3672 1,000 Domestic Spring Mhozi Clud
3673 300 800 Domestic, Irrigstion Ywaww R, and Mbinga NeA. Allan
and Industry Strean
3674 0.5 Irrigation Vwawa River Papat and Sons
3675 Whole flow Domeatic and Irrigmtion Zinsa River Land Bank of Tangayika
281 1.5 -do ~ Imeta River National Servioce
2259 Not Specified - do - Mwambalisi and Mlowo R. D.D.D. Mbeya
21316 1.0 Irrigation Nbalizi Miver - do -
2581 - 1,200 Domestic Chimala River - do -
2646 20,000 - do - Kisindo Stream -do -
2650 30,000 - do - Waambalizi River - do -
2683 25,0 Irrigation Wnriewi River -do -
287 5,000 Domestic and Irrigetion Nandugu River N.G. Rewton
286 50 4000 -do ~ Nahars River -do -
285 los0 W ning Songwe River Mbeya Explomti.'on Co. Ltd.
284 0.25 Irrigation Imeta River Mrs. Agnes Stead
607 0.4 Irrigation and Industry Ruanda River Z. Edward Kingdon
606 CeH Domestic and Irrigation Imeta River Mbeya Joint Native Treasury
787 0445 Domestic and Irrigation Nchewa River H.R. Wildbolz
T40 2.0 All purposes Msumbi Riwer ¥W. Totman
139 0402 Domestic and Irrigation Kaualula River Vwawa Minor Settlement
142 440 Irrigation Brandt Furrown from E.L. Echols
(Chimala R.)
4649 2.0 Irrigation & Fish Farming Songwe River Magereza Songwe
46% 7.0 Irrigation Mbareli River D.DeD. Mbeya
4600 2,0 Domestic & Industrial Songwe River Mbeya Cement Co, Ltd,
4666 1,801,000 1/d Domestic Mamtwe R, Trib, of Wbaka R.D.D. Mbeya
Re
2545 150,000 Domestic and Irrigation Humba River Director of Agriculture
1303 5040 He Eo Po Nzouwe River TANESCO
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2181 1,000 Domestic Kiwira River Principal Secretary,
Ministry of land, Forest and
Wildlife

2182 30,000 Irrigation - do - - ds -

2203 1,000 Domestic Luwalisi River Messrs. Musekera Estate Ltd,.

2240 20,000 Irrigation -~ do ~ Musekera Tea Estate Ltd,

2376 549 Irrigation and He E, P, Nyamesi River Jivanjee Estate Ltd.

2381 120,000 Irrigation Mbaka Masawe River ~ do -

2382 150,000 Irrigation Ngoyo River Eugin Schneider (Jivanjee)

2383 549 Irrigation and He E, P, Nyamesi River Jivanijee Estate Ltd.

2384 206,000 Domestic and Irrigation Kisararuswa River - do -

2391 180,000 Coffee Pulpery Kiwira River Kiwire Coffee Co. Society

2394 7204000 Irrigation Luwalisi River Musekera Estate Ltd,

2395 504000 - do - Kiganga River - do ~

2564 500,000 - do - Maseba River Jivanjce Estate Ltd,

26% 1,700 Domestic Masukulu Springs D.DeD. - Rungwe

2723 6,500 Irrigation Njungile River Director of Agriculture

2686

2746 2,000 Domestic Ipinda River D.D.D.

2747 9,000 - do - Mbaka River D.D,D,

2748 40,000 - do - Kapondero River D.D.D.

2813 400,000 Irrigation Ngunga River Tanzania Tea Authority

4032 2,000 Domestic Luwalisi River D.D¢De

4242 80,000 Livestock purposes Owiri River National Agri. Co. Ltd,

4245 206,000 Domestic Malonja River ~ do -

4243 61,500 Domestic Muiriri River - do -

4349 50,000 1/d - do - Kangolo River D,D,D,

4382 2,2% - do - Meta River Assemdlies of Cod Mission

4438 114 m7/d  TDomestic and Industrial Chimala River TAZARA

4439 559 ms/d - do - Nzovwa River TAZARA

3584 2.5 Irrigation Nzofwa River Headman of Itende

3473 Whole flow Domestic Sisimba & Hospital R. Director of Public Works

3393 8,000 Domestic Nzofwa River - do -

3220 50,4000 All purposes Mtengo River J. Caims

3192 Whole flow - do -~ Dagu River E.S, Thomson

3181 Whole flow - do - Olaudadabu River Karl Rahde

1489 This File Belongs tc Morogoro Region

3173 4 of the flow Domestic and Factory Two Springs Mrs, H,R, Collyer

3174 75% of the flow All purposes Ishera River D.St.J. Clowers

3175 40% of the flow - dc - - do - - do -

3176 b3 - dec - Ipogoro River - do -

2971 Unspecified Irrigation Mswiswi River D.D.D,

2969 2.5 - o - Kapio River Mbeya District Council

643 4,000 Domestic and Factory Kiganga River The Manager, Kiganga Estate

194 lo,000 Domestic Nyibuxa Spring Rungwe Disirict Council (D.D,D,)

2918 440 Pudblic Supply Nzovwe River FoDeD. Mbeya

2970 Unspecified Irrigation Msiswi River DeDeDs Mbeya

2161 3.5 Million gall, Domestic Chiwarda River ‘White Fathers

2093 1.0 Irrigation Thanda River He Cole E.J. Newan

2039 5,500 Irrigaticn Unnamed Stream Zinaru Kinza

20lo 5,000 Domestic Momba River White Fathers, Kemsamba
Mission

2004 1,000 Uem. 0.33 Irr. Domestic and Irrigation  Meta River Moosa Esso Mia

1980 7 Million gall, Irrigation Itinga Stream N.A. Allan

1968 40% of the flow All purposes Issera River R.M. Towers

1969 75% of the flow All purposes Isscra River R, Towers

1970 4 - do - Ipogoro River ~ do -

1943 15,000 Domestic and Irrigation Chimala River Registcred Trustees Diocese
of Iringa

1882 0.5 All purposes Mbarali River - do -

1881 Full flow Irrigation Sara River X,G. Ohlson

1854 50,000 Domestic Nzofwe River Engineering Chief - P,W.D,

1852 24,000 Domestic and Irrigation  Mfisimu River Moravian Missiorn

1751 lo,00¢ Domestic and Irrigation Kawatira River District Forest Officer

1744 loo,000 - do -~ Unnamed tritutary S.Ke Kachra

€1y Unspeci fied Irrigation Chimala River Sub~Chief of Chosi

3616 Unspeci fied - do - - d¢ - - do -

3617 Unspaci fied - do - Manbi River ~ do - (Usangu)
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4127 90,800 1/d Domestic Kiwira River D.D.D.
- 4128 90,800 1/d Domestic Unnamed Spring D.D,D.
4129 20,000 - do - Kiwira River DuoDeDs
6od 50% of the flowm 25 Domestic and Irrigation 2inza River W.R. Horne
605 90,000 0.17 Irrigation Itemesa River G.Co Cray
607 6,000 Domestic and Irrigation Ruanda River 2, Edward Kingdorm
614 2/20 Factory and Irrigation Itemba River Chidlow Vigne
617 125,000 Irrigation lhande River EeJe Newall
1748 4o0 O440 Domestic and Irrigation Ishera River Rajabali Sachedina Hadur
2011 1.5 Irrigation Mnyarisi River D,D.D,
2251 12,000 F Irrigation, Domestic Vwawa River . M/s. Popat and Sons
and Factory
2330 540,000 - do - Vwawa River Mr, AJN, Allan
2346 15,000 0452 Domestic, Irrigation Mbimba River Director of Agriculture
and Coffee Factory
2347 50,000 Coffee Pulpery Vwawa River Vwawa Coopemti\'re Society
2541 3,000 Domestic, PFish Pond Mlowo River Catholic Mission Mlowc
Irrigation
2351 + Domestic, Irrigation, Vwawa River Messrs. Popat and Sons
Coffee Pulpery
2822 1,500 Domestic Momba River D,D.D,
2823 1,500 -do -~ -~ do - D.D,D.
2824 2,000 Domestic Momba River D.D,D.
2825 1,500 - do - Nkana River D.D.D.
2992 232,760 Domestic and Irrigation Mimba River Kimba Farm
4351 45,050 Domestic Hanseletwa River D.D.D.
4614 600 - do ~ Ruanda River D.D.D.
4617 54702,600 1/d Irrigation Msimbizi River D.D,D.
4618 5,702,600 1/d - do ~ - do ~ D.D,D.
4619 4,320,000 1/d - do - -do -~ D.D.D.
4620 4,406,400 1/d - do - Nyorisi River D.D.D.
4621 221,305 1/d N - do - Sadermu Spring D.D.Ds
4622 325,145 1/d - do - Iwezye River D.D.D.
4623 603,865 1/4 ~ do ~ Shindima Spring D.D,D,
1114 304000 Domestic Chunya & 2 boreholes .Dixector Public Works
1192 24,000 Mining Lupa River . Ntumbi Reef Mines
2503 24000 Domestic Spring Gua Cathclic Parish
2569 1,000 Domestic Songwe River Galula Catholic Parish
2575 30,000 - do - Lurka Spring D.D.D,
2671 lo,000 ~ do - lombo River D.D.D.
2807 20,000 - do - Spring Diocese of Mbeya
3661 Unspecified All purposes Tributary of Luiya R, H. Reinszorf
3685 l/loth Al)l mining purposes Lupa River llew Ntamei Reefs
924 2,500 Domestic Malipesa Manager, Kiganga Tea Estate
939 Whole flow Domestic and Irrigation Mwela Stream Susokalo Rural Council
1143 15,000 Forest Nursery Tributary of Kiwira R, Forest Officer Mbeya
1150 1/540 Domestic Supply Mbaka River Department of Agriculture
1160 Ty000 Irrigation Ki junjwe Reve Father Jean Fowmy
1193 0,05 Domestic use M;;gubwa Strean Fipnish Missionary Society
1571 4,000 Domestic Ndcligwe River Kiganga Lstate
1609 16,000 Putlic Supply Berehcles - Rungwe African District Council
1738 7,000 Domestic Mwatesi River Finnish Luth, Mission Mwakaleli
1752 lo,000 Domestic and Irrigation Kiwira River District Forest Officer
1784 1,00 - do - Ndala River Depariment of Agriculture
1789 6,000 Domestic Luwalisi River Kiganga rstate Ltd,
1846 2,000 - do ~ Kiganga River Musekera Estate ltd,
1847 1,500 Domestic Ndunguwisi River -~ do -~
1850 1,600 - do - Kiganga River - do -
185% 1 " Public Supply Mwarezi River Chief of Engineer Putlic
Works Department
1922 84000 Dorestic Kala River Rungwe Monraviar Mission
1945 2,000 - do - Isaka River Catholic Mission Igonge
1955 4,500 Domestic and Factory Lusargaye River Rungwe Tea Estate
1981 100,000 Domestic and Irrigation Kilasi River Rungwe Monravian Mission
1982 2,000 Domestic Spring - do -
2107 250,000 Irrigation Yi,angn ivar Kiganga Fotate Ltd,
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963 1,75 Irrigation and Domestic  Mchewe Stream D, M, Stewart
927 042 Irrigation Matula River Hans Staub
928 0,06 Domestic, Irrigation and Mkera River Francis R.H. Nicholls
Coffee Proceseing
948 0.0l Domeatic Well Dr, Hope Traut
949 0405 Domestic and Irrigation MWbalisi River L. Lehner
1576 0e3 A1l purposes Mazbi River A. Ymhmood Baluch
1607 045 Irrigation Nyikuku Stream E.A, Clowes
1623 168,000 Irrigation Nsufwe River Utengule Tea and Coffee
Plantation
1624 175,000 Irrigation Ilunga River - do -
1625 46,400 Irrigation and Coffee Mealisi River - do -
Pulping
1626 18,450 Domeetic and Irrigstion Wfisimu River - do -
1708 lo.o Irrigation Noarali River NAPCO, Mbarali State Farm
1706 500 Domestic Msalizi River Wra, Ursula E. Egan
1705 l.0 Domestic and Irrigetion Nkungulu River - do -
1720 Whole flow Construction works Sieimbe River Moosa Essop Mia
1723 60% of the River All purposes Ishers River E.G. Krouseos
1745 180,300 Domestic and Irrigstion Springs A, Pitcairn
1304 : 0.79 Domestic and Irrigstion Mlowe River E.A, Clowes
283 1,000 0.33 Domestic and Irrigstion Unnamed Spring near Karim Bux Abdallah
Meta River
288 l.0 Irrigation Mlows River N.G, Newton
554 1.5 Domestic and Irrigstion Ieeta River C.G. Carson Houry
3576 6.0 -do - Chimala River Africans
1119 1.0 - do - Chosi River E.L. Echols & G,V. Caskey
308 0.7% Irrigation Mbilisi River Gulamhusein M, Daya
1778 0,75 All purposes Myomba River F.K. Ahmed
3367 0425 - do - Komera River SJM, Gildert
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