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Partilhar experiencias do Uso de
precipitacao gerada pelos sateélites
de observacao Atmosférica na UCCS
da DNGRH:

* Previsao do Longo Prazo;

* Previsao do Curto Prazo.

Unidade de Controlo de Cheias e Secas (UCCS)
(DNGRH, 2019)
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Disponibilidade de dados de Satelites

XI CPGZC - 2025, Maputo

Productos Providor Cobertura Espacial | Cobertura temporal Resolug:_a Resolugao Referencias Incertezas nas estimativas da precipitagao:
o espacial | temporal _
* Numerical Weather Prediction (NWP)- sao
o 40°N - S, Desde 01.01.2001 Jeo oah e et al. 2002 geralmente globais e operamem
NOAA-CPC 20°W - 55°E esde 01.01.200 0. leetal, 200 resolucdes espaciais bastante grosseiras;
Efeito orograficos;
CHIRPHS NOAA-CPC Desde 1981
Efeitos das equacoes matematicas usadas
. ue resultam em erros.
CHIRPS v6 NASA 50°N - S, globally desde 01.01.1998 0.5° 3h Kummle;gév etal, 9
University of s hian et al Estaciao da DNGRH
PERSIANN MVErsIy of - ghon - s, globally Desde 01.03.2000 0.25° 6h Sy ;,
Arizona 2000 ,
PERSIANN-CCS [T I desde 01.03.2000 0.04° 0.5h Sooroshian etal,
Arizona 2000
CMORPH NOAA-CPC 60°N - S, globally Desde 06.12.2002 0.25° 3h Dinku et al,, 2008
CMORPH NOAA-CPC 60°N - S, globally 1.1.2006 - 31.12.2008 0.077° 0.5h Joyce et al., 2004
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Disponibilidade de Dados de Evapotranspiracao

Incertezas nas estimativas da evapotranspiracao:

Potential

Input prdea(:iapitation S ?:::E:ion T Reference * Estimativas das variaveis para a resolugéao da

method Equacao do Penman Monteith (Vilanculos,
2021; USGS, 2008; 2000; Asante et al., 2008)

PET = Y2 ! )l

=1 (A+y(1+0.3442))
Onde PET ¢ a evapotranspiragdo potencial [mm dia']; A é a inclinagdo da pressdo
de vapor de saturagdo [kPa °C"']; y ¢ a constante psicrométrica [kPa °C']; p2 ¢ a
velocidade do vento a 2 m acima da superficie do solo [m s']; Rn ¢ a radiacdo li-
quida [MJ m™* dyr']; G ¢ o fluxo de calor do solo [MJ m* dyr']; T é a temperatura
doar [°C]; e, ¢ a pressio de vapor de saturagéo [kPa °C"'] e ¢, ¢ a pressio de vapor
real [kPa °C!].

Provider

van Beek and Bierkens,
2009

PCR-GlobWB PCR-GLOBWB ERAI + GPCP Hargreaves 0.5° 1Jan 1979-31 Dec 2010 37712 (es—e
5" Ca

% [(0,408-’3(-??1 - G)) + ( (T+273)

PCR-GLOBWB ERAI + GPCP Penman-Monteith 0.5° 1Jan 1979-31 Dec 2010 Hargreaves and Allen, 2003

PCR-TRMM PCR-GLOBWB CHIRPS v6 Hargreaves 0.5° Since 1 Jan 1998 Thiemig et al., 2012

PCR-Irrig PCR-GLOBWB ERAI + GPCP Hargreaves 0.5° 1Jan 1979-31 Dec 2010 Van Beek, 2011

1Jan 1979-near-real-

ECMWF ERAI No PE Input 0.7° time Dee et al., 2011
ECMWEF ERAI+GPCP No PE Input 0.7° 1 Jan 1979-31 Dec 2010 Balsamo et al., 2012
m’:g::y of NASA's GMO Penman-Monteith 10 Since 1Jan 2000 Mu et al., 2011, 2007
VU Amsterdam PERSIANN Priestley and Toylor 0.25° Since 1Jan 1998 Miralles et al., 2011a,b
USGS-PET USGS CPC-RFE Penman-Monteith 1° Since 1Jan 1998 Verdin and Klaver, 2002
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Product Search | Early Warning an...

2] Mast visited @ Getking Started |5 Latest Headlines B Untitled) B Loading... =- Customize Links &7 Fres Hokmail T 0 windowe

a< USGS

science for @ changing waorid

(=) USAID

PERITAN FECFLE

DATa PORTALS ~ C o SOFTWARE ~ PLUBLICATIONS ABOUT
Home Site Search ebADIDIS MDY
ETa Anomaly
RFE
Product Sear der
JHIRF= 2.0
Geographry h 40 Search Results | I Crjg . st
M Downloads

Central Asia

0O  aAfghanistan
Sort by title
0O Certral Asia
O Kazakhstan 30 Day Rain fDry Days BE

and Anomalies

O Pakistan e R
e

10000

https://earlywarning.usgs.gov/fews/datadownloads/Continental%20Africa/Dekadal%20RFE

Requisitos:

* Processados através de um software GIS ou GeoSFM
* Os dados devem estar no formato GRID

 Extracao final txt; cvs; dbf; Excel .....

w RECURSOS HIDRICOS

MName

. info

. rain_2000001
. rain_2000002
. rain_2000003
. rain_2000004
. rain_2000005
. rain_2000006
. rain_2000007
. rain_2000008
. rain_2000009
. rain_2000010
. rain_2000011
. rain_2000012
. rain_2000013
. rain_2000014
. rain_2000015
. rain_2000016
. rain_2000017
. rain_2000018
. rain_2000019
. rain_2000020
. rain_2000021
. rain_2000022
. rain_2000023
. rain_2000024
. rain_2000025

1

1/2/2015 4:18 PM ” File folder
1/2/2015 4:18 PM File folder



CHIRPS - Climate Hazards Group Infrared Precipitation with Stations

XI CPGZC - 2025. Maputo
Hey There! Welcome Aboard!!
The Climate Hazards Center (CHC) distributes data products in several ways: ReqlllSltOS:

= HTTP - this site

- RSYNG * Processados através do Spyder Python 2.7
RSYNC * Os dados devem estar no formato TIF
S O *Extracéo final txt; cvs; dbf; Excel
HTTP
The following links will guide you into our HT TP distribution

- 8:8 Eeodole <:c>||e|<|:t|o_ns B wy_f 20‘1 7-1 0-26‘ 1648 =

- roducts collections

| FT'PCHC e CO'TC“O"S () africa_3-monthly/ 2017-10-26 16:48 -

Please Note () africa_6-hourly/ 2020-05-01 14:49 -

The product directories here are linked in from various sources and will not exactly mirror the onling m E]'fﬂca da”\ﬁ' 201 5_1 1_20 1615 =
Name Last modified Size Description

& Parent Directory ) () africa_dekad/ 2014-11-19 14:37 -

C3 CHIRP/ 2016-02-23 07:01 - c .

C3 CHIRPS-1 8/ 2020-09-08 09 32 - E} M—Mﬂ 2016-02-03 17:13 -

C.CHIRPS-2 O+Forecasts/ 2020-02-03 16:12 - - =

2211021000 [nd@X Of /products/CHIRPS-2.0/africa_daily

3 CHIRPS-3 0/ 2021-07-06 08:35 - —

) CHIRPS-GEFS/ 2020-09-08 09:32 -

() CHIRPS-GEFS precip/ 2020-09-08 09:32 - Name Last modified Size Description

C3 CHIRPS-GEFS precip_v12/ 2022-01-04 1701 -

£ CHIRPSplus Ethiopia/ 2020-09-08 09:32 -

=) CHIRTSdaily/ 2021-12-10 08:57 - a Parent Directory _

£33 CHIRTSmonthly/ 2021-11-29 13:38 - : :

C3 CHPclim/ 2015-08-28 14:26 - EBM 2015-11-20 11:11 -

(L) CHTelim/ 2018-10-0809:24- (™ oid bils/ 2015-02-05 09:03 -

) CORDEX/ 2018-01-23 16:21 - ]

() CentennialTrends/ 2015-05-15 14:05 - (7 old tifs/ 2015-02-05 09:04 -

T3 EWX/ 2013-05-03 10:08 - IE_EM 2015-11-20 11:11 -

C3 Evxa/ 2022-09-09 16:35 -

1 FEWSNET NASAS 2022-07-19 01:35 -
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XI CPGZ( Fie Edit Search Source Ru@ Consoles  Projects  Teols  View Help
I ﬁ E B B EE @ > @'I a'l .I G N.l t: I;E cE » . x "' a 6 -) |C:'|J.lsers'»admin v|=
Editor - C:\Users‘admin\Manografia\CHIRPS 20 12\CHIRPS scripts\CHIRPS _Pafuri.py & X Help T X
(i} Cent.py CHIRPS_¥ai_Xai.py CHIRPS_Chokwe.py CHIRPS_Combomune. py CHIRPS_Pafuripy B |[47k: £+ Source| Console = Objectl_ =

1 import rasterio

2 import numpy as np
import os

import pandas as pd

L

[T W o I =4

table = pd.DataFrame(@, index = np.arange(1,8553), columns = ['Date’, "Rainfall(mm)'])
i=@

L |

Here you can get help of any object by pressing
Ctrl+ in front of t, either an the Editor or the
Console,

Help can also be shown automatically after
writing a left parenthesis next to an object. You
can activate this behavior in Preferences >

. . . o Hebp.

o for files in os.listd
18 i i -4 == .
- if f:ILlESI; 4] New to Spyder? Read our futoriz|
11 1=1+1
12 dataset = rasterig.gpen(l'F"-Il'n"‘-arln"in‘- '-'ran'A'F'i:u‘-FHTDI:"-I 281\ CHTERS 'r*'ilni'"-l-"- Aafile :I I
13 X,y = (20.54971, -13.5414)
14 row, col = dataset.index(x,y)
15 data_array = dataset.read(l) 0 ol e
16 Python 2.7.14 |Anaconda, Inc.| (default, Oct 15 2017, 83:34:40) [MSC v.1500 64 bit *
- (AMDE4) ]
. . , , \ Type "copyright”, "credits” or "license” for more information.
18 table[ 'Date'].loc[1] = files[:-4]
14 IPython 5.4.1 -- An enhanced Interactive Python.
208 ? -» Introduction and overview of IPython's features.

i R , , , . . #quickref -» Quick reference.
21 table[ 'Rainfall(mm)'].loc[i] = data_array[int(row}, int(cel)] le > Python's own help systen.
22 object?  -» Details about 'object’, use 'object??’ for extra details.
23 I 11

I 3 1 'R vy 1 v 1 n H

24 table.to csv(r'C:\Users\admin\Monografia\CHIRPS 2@12\CHIRPS 5c*1ptsachuva_6?2.cs(Z::::)
25 In [1]:
26
27

)
==}
L}




Exemplo de dados extraidos para as Bacias Hidrograficas da Africa Austral

- E C D E F G H 1 ) K LM N O P Q R 5 T U ¥V W X Y I AL AB AC AD AE AF AG AH Al A ﬁ
Time 1286 1271 1246 1216 1215 1160 1121 1116 1087 1086 1077 1031 1022 987 958 950 9544 939 5934 929 933 938 540 980 930 1024 1064 1076 1090 1113 1124 1127 1156 1176 1179 1210
;(101-2000. 0 0 4 66 9 5 1 w0 9 4 0 1 1 5 4 0 O0O0CCO0COOOO0OO0CS3ICO0OC O 1 4 7 8 9 11 17 17 17 19
02-01-2000 15 24 22 21 22 15 14 13 11 11 % & 5 5 4 5 4 5 4 4 4 4 4 4 3 2 3 6 6 5 5 4 3 3 3 3
3-01-2000. 0 0 O ©0 O O O O O © O O 01 1 113 1113119 29 26 1517 23 25 21 21 19 18 13 14 15 13 11
M01-20004 0 0 0 0 0 O o0 o0 O 00 O O O0O11O0OO0CO0OTOOO0ODOTI1O0OO0OO0OSOO O OO OO0 0 © 5 5 8 14
os01-2000. 0 0 ©0 0 0 O O O O ©0 O O O OOOOTOOOOTOOOOOSO O OO O 0 0 0 0 0 0 o
601-2000. 0 0 © ©0 0 O O O O O©0 O O O OOOOTOOOOTODOOOTOD O OTO O 0 O o0 0 0 0 o0
0701-2000. 0 0 © O©0 O O O O O O O O O OOOOOSTOODPOCOTOEO O OO OO OO OO O 0 o0
oe01-2000. 0 0 O O O O O O O OO0 O O O OTOOOOSS&O0OODCO0OTO0OO0OTO0O O O0O 90 0 0 O0O o0 0 0 0 o0
01-2000. 0 0 ©0 0 O O O O O O O O OOTOOOTOOOTDOOTOTO O OO OO OO O OTUO 0 o0
001-2000 0 0 © 0 o0 O O O O o0 O O OOODOI1]TI1O0I1QO0O0OO0O0TU0CT1] 0 0 0O 0 0 0 o0 o0 0 o0 o
1101-20006. 0 o 0o o0 o0 o0 1 1 0 ¢ o O 011 003 2 3 545 0O0O0 1 0 0 0 0 O0 0 0 0 0 o0
1201-20010 12 14 21 18 10 14 11 9 12 11 18 20 201511 W 2 7 4 0 0 6 0 00 0 0 0 0 0 0 0 0 0 0 o0
13-01-2001 37 40 33 34 37 24 21 23 19 19 1% 19 22 23 1%» 14 S5 W0 %5 & 3 o0 O O O O O O O O O O O O 0 O
1401-2000. 4 4 3 3 3 3 2 2 3 3 4 3 3 5 6 84 3 6 3 4 3 3 4 2 1 0 O O O O O 0 O 0 0 1
101-2000. 0 1 O O©0 1 4 5 6 9 & 13 14 14 16 15 27 30 20 27 37 38 35 30 27 2 27 24 22 19 17 13 8 &8 & 5 4
le-01-2000 15 18 15 1% 14 O 7 S5 4 2 3 1 2 3 4 84 2 3 3 2 3 4 8 5 6 1 1 3 3 5 4 4 3 3 3 3
1701-2000. 20 7 1 1® 11 5> 1 7 3 % 7 1 1718 %9 2 0 0 O O O O O O 1 1 4 5 7 6 3 53 5 2 0
801-2000. © 0 © ©0 O O O O O © O O O OOOOTOOOTDODZ3 3 41 1 2 6 13 M4 IN v a o ol al
901-2000. 0 0 © ©0 O O O O O O©0 O O O OOOCOTOOTOTOODTOO®D O 4 0 0 0 0 (g
2001-2000 1 0 0 ©0 0 O O O O © O O O OOOOI1TI11110O0O0 0 0 0 0 0o I
2101-20#¢. 1 0 0 0 O O O O O O O O OOOOTI11 41 0O0O0O0O0 O O0OC 0O 0 0 (4
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4, Analise Estatistica da Precipitacao Estimada e Observada

ie1(0;—0)(5;-5)

Z?:l(oi_ﬁ)zx 2?:1(Si_§)2

Erro Absoluto = Y ,(S; — 0;)
Yie1(85i—0y)
Y10

%Z?:ﬂsi—oi)z
RRMSE = ———F«—

0
Yi1(5i—0)?

Relative bias =

IA=1- = =
lZ?:l(lsi—OHIOi—OI)Z

Onde Si sao os dados de satélite, oi os dados
observados e 0 a média dos dados observados.
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Dados de

Estacoes )
satelites

RFE
CHIRPS
RFE
CHIRPS
RFE
CHIRPS
RFE
CHIRPS
RFE
CHIRPS
RFE
CHIRPS
RFE
CHIRPS

1274 RFE

CHIRPS

0.17

-0.01

0.21

-0.01

0.26

0.26

-0.01

0.89

-0.01

0.24

0.00

0.21

0.10

RRMSE

5.52

5.82

4.19

4.75

5.07

6.49

8.61

2.05

6.70

3.53

3.80

3.96

3.73

1A

0.77

0.74

1.01

0.64

0.78

1.02

0.83

0.93

ME

0.08

0.05

-0.61

-0.32

-0.18

0.43

0.43

0.19

-0.02

0.77

-1.77

-1.28

0.17

0.62

Rbais

0.05

0.03

-0.30

-0.16

-0.12

-0.01

0.48

-0.43

-0.31

0.08

0.29

ABRHidro

Bias

1.05

0.70

0.84

0.88

0.99

1.48

0.57

0.69

1.08

1.29

ASSOCIAGCAQ

PORTUGUESA DOS
apai RECURSOS HIDRICOS

>

% de lgualar ou Exceder

% lgualar ou Excede

% lgualar ou Excede:

% lguslar ou Exceder

% lgualar ou Exceder

N lgualar ou Exceder

gualar ou Exceder

AQUASHARE




Validacao estatisticas dos dados: Necessidade de correcao, Cont....

k
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Pressupostos:

Satelliteqaily Raingaugeqaily

Satellitey,ongly Raingaugenontiy

Satellitemonthly >
Raingaugemonﬂy

Satellitecgrrection = Raingaugegaiy *(

Coeficientes the ajustes ~ 0.8 mm a 1.3 mm

Vilanculos e Hughes (2015) Sawanyama e Hughes (2012)

7 { ASSOCIACAO
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Estacoes

1274

Dados de
satélites

RFE

CHIRPS

RFE

CHIRPS

RFE

CHIRPS

RFE

CHIRPS

RFE

CHIRPS

RFE

CHIRPS

RFE

CHIRPS

RFE

CHIRPS

16.° SILUSBA .

XI CPGZC - 2025, Maputo

0.64

0.77

0.78

0.89

0.37

0.40

0.32

0.43

0.91

0.82

0.77

0.86

0.55

0.64

2.82

2.47

4.29

3.28

2.21

9.68

9.59

134.92

45.89

2.44

3.06

2.38

2.25

2.82

2.44

0.13

0.07

0.58

0.55

0.95

0.82

0.06

0.24

0.23

0.33

0.27

-0.44

-0.26

-0.29

-0.48

-0.05

-0.03

-0.02

0.28

3.75

2.66

0.35

0.54

-1.71

-1.84

-0.18

-0.45

Rbais

-0.22 0.78
-0.13 0.87
-0.18 0.82
-0.30 0.70
-0.04 0.96
-0.02 0.98
-0.02 0.98
0.22 1.22
4.19 5.19
2.97 3.97
0.21 1.21
0.33 1.33
-0.42 0.58
-0.45 0.55
-0.08 0.92
-0.21 0.79

ABRHidro

200

856
Cbs=rvado
CPC RFE2.0
CHIRPS
\ Nao corregido
\M
O 5 10 15 20
26 de Igualar ou Exceder
393
Observado
CPC RFE 2.0
! CHIRPS
&Néo corregido
- O 5 10 is5 20
26 Igualar ou Exceder
200
P-856 R?=0.9858
= 150 ;
£ corregido
8
“-é‘ 100
=
=1
<
a 50
0
0 50 100 150
L} CPCRFE 2.0 L] CHIRPS

--------- Linear (CPC RFE 2.0)

h &
ASSOCIAGCAQ a C r

PORTUGUESA DOS —
wai RECURSOS HIDRICOS ‘ : 4

~~~~~~~~~ Linear (CHIRPS)

= 856
E 120 Observado
3 CPCRFE 2.0
& CHIRPS
= 80
s
o corregido
M
0 \R—i -
0 5 10 15 20
% lgualar ou Exceder
500
393
400
’g 200 Observado
= CPC RFE 2.0
& 200 corregido
=
£ 100 g
e I\
0 = - —
o 5 10 15 20
% lgular ou Exceder
500
P393
-~ 400 s
£ . ]
< 30 corregido o
w $=0.9237 ° .. .
g e e
7200 I R?=0.924
& 100 ‘ .to
) /
0 50 100 150 200
® (PCRFE20 ® CHRPS
--------- Linear (CPC RFE 2.0) wssesens Lingar (CHIRPS)
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Observado - 09.01.2008 CPC RFE 2.0 - 09.01.2008 CHIRPS-09.01.2008

P ?
/"' té )g‘g

A==

Observado - 09.01.2008 CPCRFE 2.0- 09.01.2008

CHIRPS-09.01.2008

. 2 Vfl'/
4 B

CPCRFE 2.0 -10.01.2008 CHIRPS - 10.01.2008

L1

-

,,,"\-_ A

Obsétvide = 10_01"-30,03 CPC RFE 2.0-10.01.2008 CHIRPS - 10.01.2008

Observado — 10.01.2008

) ' W 2 L_Jo-s : S p | o5
4 R 4 . " ‘ # * ; -
" > | ~ | s ’i ‘ : 1 L] s

y 4 . \ J —a
. 5 a5 { ) an f -

Observado — 11.01. CPC RFE 2.0 CHIRPS Observado — 11.01. CPCRFE 2.0 CHIRPS

ABRHidro ;;
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PMA E::L Nr. Posto Coberura Forama
Bacia | Area(10"6km?) | (mm/an .y | Nr-Distritos em Mocambique | Administrativ | Coberura Temproral i i
Bacia espacial
o < os dadod
6 L 3

Toda

n Maputo 1669.64 1000 2001-2022 oo tt
. Toda

Umbeluzi 7138.202 12 8 14 2001-2022 : txt
900 bacia
. Toda

Incomati 14462.907 36 8 2% 2001-2022 : tt
900 bacia

Li 88646.249 144 19 53 2001-2022 Toda txt
impopo : 800 - bacia

H Inharrime 11500.635 21 9 21 2001-2022 Toda tt
bacia

n Govuro 14408.826 39 7 11 2001-2022 Uz = ot
bacia

n Save 29306.696 67 9 13 2001-2022 Toda txt
bacia
. Toda

u Buzi 25266.406 1200 53 11 2% 2001-2022 b ot
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Previsio de enchimento das albufeiras. O processo usado para a estimativa de volumes
afluentes as albufeiras baseia-se na aplicagdo do método de coeficiente escoamento super-
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Conclusoes

* A Integracdao de Remote Sensing (RS) - Sistemas de Informacao
Geografica (GIS) & Modelacao Hidrologica (MH) constitui uma
poderosa ferramenta para a gestao de recursos hidricos no mundo
hidrolégico actual.

* Mocambique precisa de consolidar este conhecimento caso
contrario arisca se a exclusao do Mundo IA.
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