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PARTE | - Banco de dados

Dados de entrada " @ " Variaveis




PARTE | - Banco de dados - variaveis

As variaveis foram definidas em um workshop em 2022 com
IBAMA, MMA, SEMAS e posteriormente refinadas pela equipe do
projeto em 2023.

Variaveis provenientes de dois grupos de dados de entrada,
divididos pela periodicidade na producao/disponibilizacao.
Chamados de grupo de variaveis dinamicas e grupo de variaveis
estaticas.



Banco de dados - dados de entrada - dinamicos

Dados produzidos e publicados de forma sistematica e com alta frequéncia.

A Variaveis:
INFRACAO ('
PAMGIA/IBAMA EMBARGO L NuAl, DeAl, PtEB
N P
~ ( Variaveis:
ArDS, OcDS, CtDS,
‘ INPE PRODES DeAR, AcAR, A7Q,
DETER
MERGE XQ, Flor, Nuvem,
PtDG, Pr

CMASK




Banco de dados - dados de entrada - estaticos

Dados produzidos e publicados com baixa frequéncia.

a N

Variaveis:

- . ACCESSBEEF, ACCESSCITY,
Dad";;’ BAM, 2dos | Acessibilidade | ACCESSSOY25, ACCESSSOY,
P ACCESSWOOD, CONCITY100,

CONCITY10, CONN_MKT




@ Banco de dados - dados de entrada - estaticos

Dados produzidos e publicados com baixa frequéncia.

Variaveis:

Acessibilidade

Dados biofisicos

Y

DISTPORT, DISTRIOS,
DISTURB, RODNOFIC,
RODOFIC

Variaveis:

Dados de diversas Dvd, DryMonths

fontes, organizados
pelo INPE

)

\/ 4 Variaveis: N
Dados fundiarios N EFAMS_APA, EFAMS_ASS,
MMA - INCRA EFAMS_CAR, EFAMS_FPND,
SFB - FUNAI EFAMS_IND, EFAMS_TI,
\_ EFAMS_UC -

~_



Banco de dados - planilha detalhada

Variavel Oqueé Unidade Periodo Atualizagao Fonte Automatizavel Detalhes Fonte
| DETER
ArDS Are:a de alertas de desmatamento calculada por m2 2017-2023 |Semanal classes de Msim ilis.dpi.in
quinzena desmatamento
|IINPE
DETER
0cDS Oc?rrenua de alertas de desmatamento por binario 2017-2023 |Semanal classes de Sim ilis.dpiin
quinzena (0/1) desmatamento
E
IDETER
DS Co‘ntagem de alertas de desmatamento por nidade 2017-2023 |Semanal classes de Msim ilis.dpi.in
quinzena desmatamento
|INPE
DETER

Diferenca na area quinzenal de alertas de . d
DeAr desmatamento calculada entre a quinzenade  |km2 2017-2023 |Semanal cassesce HSim ilis.dpi.in

referéncia e a quinzena anterior hese i
IINPE
/Area quinzenal acumulada de alertas de DIETER d
AcAr desmatamento calculada até a quinzena de km2 2017-2023 |Semanal £AS3es 0 Sim ilis.dpi.in
referahcia. desmatamento
IINPE
/Area média de alertas de desmatamento das 3 DETER
A7Q qu.inzenas antes eA3 t.:|umzena§ de.pms.da m2 2017-2023 |Semanal classes de dsim ilis.dpiin
quinzena de referéncia e a prépria quinzena nos desmatamento
anos anteriores IINPE
Média das dreas de alertas de desmatamento DETER
XQ calFuIada paraas <‘:|ua.tro qulr.\zenas anteriores a Wkm2 2017-2023 |Semanal classes de Msim ilis.dpi.in
quinzena de referéncia, considerando uma desmatamento
vizinhanca do tipo Queen NPE
Flor reaelvegetcaoilorestal disponivel e km2 2017-2023 [Semanal PRODES Sim ilis.dpidn
calculada para para a quinzena INPE
Nuvem |

/home/andre/Projects/AMS/Eventos_BSB_Manaus/BSB-workshop/Resumo_geral_dados.xlsx



Banco de dados - Variaveis - divisao do espaco

Uso de espaco celular como estratégia para normalizagao da distribuicao
espacial dos dados de entrada.

/Lﬁ/L Células: 25 km X 25 k
MM élulas: m m



Banco de dados - Variaveis - producao automatizada

Producao das variaveis provenientes de dados produzidos com alta frequéncia




Banco de dados - Variaveis - producao automatizada

Architecture - emphasis on technology stack

Start End HITP

Python Scripts
4
=

( STAC
GeoTIFF i I @ SpatioTemporal
PostgreSQL/POSGIS ST Asset Catalog




Banco de dados - Variaveis - produgao automatizada

Architecture - database model

product
cell_Skm
PK | UniquelD C
i e PK | UniquelD
L= Input DATA - INPE
eom
FK | var_id g
reference_date col deter merge
) row PK | UniquelD PK | UniquelD
value
geom file_name
class file_date

Control metadata
date
input_data variable
PK | UniquelD PK | UniquelD prodes cmask

name FK | input_data_id PK | UniquelD PK | UniquelD
description name FK | cell_id file
source (INPE, IBAMA) description npixel date
access_type (dblink, http) unit area path_row

\

Control recard
collector_log Input DATA - IBAMA
PK | UniquelD auto_infracao_ibama area_embargada_ibama
FK | input_data_id PK PK

UniquelD UniquelD
description Row 1 Row 1
status Row 2 Row 2

processed_on




(N
4> public
£ cell

ﬁ col
f row

i geom

LN

% public

£ cmask

£ id

f file_name

f file_date

f} download_date
fi etag

f file_size

fi tast.modified

N

© publc

5 embargo

Pid

fi file_name

fi file_date

fi download_date
fi etag

f file_size

fi tast.modified

AR ERARNER

«

4> public

7 deter

P id

f geom

f date

f class

f sateliite

f path_row

f] class_number

[N

< public

F infracao

Aid

f file_name

f file_date

f] download_date
f] etag

f file_size

f} last_modified

Banco de dados - Variaveis -

LN\

& publc

£ product

Lid

& cellid

& varid

[j reference_date

f value

LN

< public

£ variable
N —T

f name

f] description
Se i unit

& input_data_id

ﬂ processing_order

«

<> public

[ prodes

P id

f file_name

f] file_date

f] download_date
f] etag

f file_size

f] last_modified

LN

< public

5] merge

4 id

fi file_name

f file_date

f] download_date
f] etag

f file_size

£} last_modified

(]

&> public
(] input_data
47 id

f} name

f} description
f source

fj access_type

o

© publc

[ collector_log
£id

4P input_data_id
f] description

] processed_on

f] success

producao automatizada

[N

& publc

£ pamgia
£id

fi date

fi geom

42 input_data_id
@ source_id



Banco de dados - Variaveis - producao automatizada

SOUTCE_Qroups a

mErge_aroup A

trigger_dag_merge

TriggerDagRunOperator

master_control_start start_task_merge
EmptyOperator BranchPythonVinualenvOperator

i

master_control_end
EmptyOperator

deter_prodes_cmask_group a

trigger_dag_prodes start_task_cmask -
TriggerDagRunOperator BranchPythonVirtualenvOperator ‘J trigger_dag_cmask
start_task_deter — X ) || TriggerdagRunOperator
BranchPythonVirtualenvOperator trigger_dag_deter start_task_prodes
TriggerDagRunOperator BranchPythonVinualenvOperator
embargo_group A

start_task_embargo -
BranchPythonVinualenvOperator trigger_dag_embargo
TriggerDagRunOperator

infracao_group A

start_task_infracao - -
BranchPythonVinualenvOperator trigger_dag_infracao
TriggerDagRunOperator




Banco de dados - Variaveis - producao automatizada

DAG Dependencies

Last refresh: 2025

riskdb_embargo_control
Wigoerodependentiaag lopt/airflow/projects/risk-background-tasks/src/data/embargo
riskdb_embargo
trigger_dag_embargo

trigger_dag_deter riskdb_deter trigger_dependent_dag
lopt/airflow/projects/risk-background-tasks/src/data/deter riskdb_deter_control
trigger_dag_merge riskdb_merge trigger_dependent_dag
lopt/airflow/projects/risk-background-tasks/src/data/merge riskdb_merge_control
trigger_dag_prodes riskdb_prodes trigger_dependent_dag
/opt/airflow/projects/risk-background-tasks/src/data/prodes riskdb_prodes_control
trigger_dag_infracao riskdb_infracao trigger_dependent_dag
lopt/airflow/projects/risk-background-tasks/src/data/infracao riskdb_infracao_control
trigger_dag_cmask riskdb_cmask trigger_dependent_dag
Jopt/airflow/projects/risk-background-tasks/src/data/cmask riskdb_cmask_control

riskdb_trigger




Banco de dados - Variaveis - producao automatizada

DAG Dependencies

trigger_dag_embargo

trigger_dag_deter

trigger_dag_merge

riskdb_trigger

trigger_dag_prodes

trigger_dag_infracao

trigger_dag_cmask

4 only

Last refresh: 2025-06-26




Banco de dados - Variaveis - producao automatizada

DAG Dependencies I Only show DAGs vith dependencies

riskdb_embargo

trigger_dag_embargo

Tager cencncentcay - lopt/airflow/projects/risk-background-tasks/src/data/embargo




Banco de dados - Variaveis - producao automatizada

DAG Dependencies

riskdb_embargo_control
trigger_dependent_dag

/opt/airflow/projects/risk-background-tasks/src/data/embargo




Banco de dados - Variaveis - producao automatizada

—— collector_task transform_task compute_vars_task export_task publish_task - send_email_task
check_configuration check_data_availability ® success @ success @ success @ success @ success log_registry_task ® success
@ success |_| @ success || Pythonvirtualenvoperator || PythonvirtualenvOperator || Pythonvirtualenvoperator [~ PythonVirualenvoperator || eythonvirtualenvoperator [ | ® success | Emailoperatar
ShortCrcuOperator BranchPythonVinualenvOperator _| Pythonvinualenvoperator

loptl/airflowl/projectsirisk-background-tasks/src/datalembargo
S Dataset
11 days ago D'
trigger_dependent_dag end_task
start_task | skipped @ success
@ success - TriggerDagRunOperator ™| PythonOperator
BranchPythonVirtualenvOperator ,_I |'




Banco de dados - Publicacao via STAC API

https://stacspec.org/

|_@ STAC Tutorials About v GetlInvolved ~

STAC
SpatioTemporal Asset Catalogs

The STAC specification is a common language to describe geospatial information, so it
can more easily be worked with, indexed, and discovered.

Explore Tutorials



https://stacspec.org/

Banco de dados - Publicacao via STAC API

Um Catalogo STAC (SpatioTemporal Asset Catalog) € um padrao para
descrever e organizar dados geoespaciais, facilitando a descoberta e o
uso desses dados, especialmente imagens de satélite e outros dados
com informacodes de tempo e localizacao.

Uma API € um conjunto de regras e padroes que permite que diferentes
softwares se comuniquem e troquem dados entre si. Neste caso, a API
STAC é construida no padrao REST e disponibilizada via Web por meio
de links auto descritivos.



Banco de dados - Publicacao via STAC API

/ STAC Catalog \

STAC ltem

/ STAC Collection \

/

N[

STAC ltem

STAC Collection \

-

STAC API

Browse, query and
download

~




Banco de dados - Publicagao via STAC API

x Airflow DAGs Cluster Activity Datasets Security Browse Admin Docs @ 16:35 -03 (-03:00) AA
O riskdb_stac_catalog Schedule: 0:05:00  Next Run ID: 2025-06-26, 16:25:00-03 b [u]
bl
5 o riskdb_stac_catalog (92025-06-26, 16:15:00 -03 check-variables
00:11:11 A Details " Graph [FGantt <>Code [EEventLog =Logs & XCom g Task Duration
05:35 Layout:
I I Left -> Right v
o &
check-... IEESEESEEEESS
update-... /s SESEEEEEs
waitforflag N EEEEBEEBEN
catalog isessessess -
check-variables update-environment catalog
@ success =8 @ success @ success
ShortCircuitOperator @task BashOperator




Banco de dados - Publicagio via STAC API

https://terrabrasilis.dpi.inpe.br/stac-api/v1/

rrabrasilis.dpi.inpe.b

c 25 terrabrasilis.dpiinpe.br/sta

Estilos de formatacdo @

{

"stac_version": "1.0.0",

"id": "risk-stac-api”,

"title": "Sistema de Predicdo de Desmatamento",

description”: "Catalogo STAC para organizacdo e disponibilizacio das imagens de risco de desmatamento e varidveis. Valor sem dados para todos os arquivos de varidveis: 999999",

"type": "Catalog",

“conformsTo": [
"https://api.stacspec.org/v1.6.0/core",
"https://api.stacspec.org/v1.6.0/item-search",
"https://api.stacspec.org/v1.0.0/ogcapi-features",
"https://api.stacspec.org/v1.0.0/catalogs",
"https://api.stacspec.org/v1.6.0/collections"

1,

"links": [

"rel": "self",
"href": "https://terrabrasilis.dpi.inpe.br/stac/catalog/catalog.json",
"type": "application/json"

"rel": "root",
"https://terrabrasilis.dpi.inpe.br/stac/catalog/catalog.json",
: “application/json"

"rel": "data",
"https://terrabrasilis.dpi.inpe.br/stac-api/vl/collections",
"type": "application/json"

"rel": "conformance",
"https://terrabrasilis.dpi.inpe.br/stac-api/vl/conformance",
: “application/json"

: "service-desc",
: "https://terrabrasilis.dpi.inpe.br/stac-api/v1/openapi.json”,
: "application/vnd.oai.openapi+json;version=3.0"

: "service-doc",
: "https://terrabrasilis.dpi.inpe.br/stac-api/vl/docs",
: "text/html"

"search",
"application/geo+json”,
"https://terrabrasilis.dpi.inpe.br/stac-api/vl/search",
"method": "GET"



https://terrabrasilis.dpi.inpe.br/stac-api/v1/

Banco de dados - Publicacao via STAC API

https://terrabrasilis.dpi.inpe.br/stac-api/v1/docs

FastAP| @0 &2

Istac-apilvLiopenapijson

Servers

default ~
lm / Landing Page v ‘
‘m /conformance List Conformance ~ ‘
‘m /collections List Collections 7 ‘
\m /collections/{collection_id} GetColiection N ‘
{m /collections/{collection_id}/items Listitems v ]
‘m /collections/{collection_id}/items/{item_id} Getitem v 1
’m /search Search ltems 5 ‘
Schemas e
HTTPValidationError > can i object

ValidationError » ©ipanc 2l object


https://terrabrasilis.dpi.inpe.br/stac-api/v1/docs

de dados - Publicacao via STAC API

Restfox

@ Workspaces > My Collection Theme: Dark = View: Column | ¢/> Environment @ Defaultw & Import s Exportw = # Plugins ® Settings B Logs | ()star 2378

RISKSTACAPI X GET RISK STAC API - assets X GET RISK STAC API - collections X SET RISK STAC API - base URL X ET RISK STACAPI -search X

& PlanetRedeMaisSCCON + Themehttps://terrabrasilis.dpi.inpe.br/stac-api/v1/search?collections=collection1&¢ Send 414s 6.7KB

21 days ago | 05-Jun-25 02:58:03 PM | https://terrabrasilis.dpi.inpe.br/stac-api/v1/search v
WMTS-capabilities Body Query (2) Header Auth Script Docs Preview v Header Request Tests Timeline < &
ET WMTS-tiles {
B RISK STAC API collections collection1 "type":
"features": [
{
“type:
RISK STAC API - collections +Add Item S E var=Toass
RISK STAC AP - base URL L
Path Parameters

RISK STAC API - assets datetime_range

"properties": {

ET RISK STAC API - collections/collection1 "datetime":

+Add Item 1.
RISK STAC API - search

"geometry": {
ntype":
"coordinates": [

ET RISK STAC - list of data URL Preview

@8 DETER Cerrado Themehttps://terrabrasilis.dpi.inpe.br/stac-api/v1/search? [
collections=collectiont&datetime_range=2023-12-16/2023-12-16

"links": [
{
"ret”
"href":
"type":
"title":

wrel
“href":




Banco de dados - Download via STAC API

https://qist.qithub.com/marcoaosilva/ff645972ff3e2cf5360e5de3d74898d7

usage examples of stac server api

[©] examp1e.ipynb

In [1]:

APl usage examples

oD

import pystac
import requests

from datetime import datetime
from pathlib import Path

def get(endpoint, params=None):

response = requests.get(endpoint, params=params)
if response.status code == 200:
return response.json()
print(f"error: {response.text}")
return None

def download asset(url, download path):

response = requests.get(url, stream=True)
if response.status_code == 200:

with open(download path, "wb") as file:

for chunk in response.iter content(chunk size=8192):
file.write(chunk)

print(f"downloaded in {download path}")

return True
print(f"error downloading file {url}: {response.text}")
return False

STAC_API_URL = "https://terrabrasilis.dpi.inpe.br/stac-api/vl/"
# API documentation: https://terrabrasilis.dpi.inpe.br/stac-api/vl/docs

Raw

CO


https://gist.github.com/marcoaosilva/ff645972ff3e2cf5360e5de3d74898d7
https://colab.research.google.com/drive/1SwA_ABTn09dcKemfAbIetjplR8TORDzs?usp=sharing

Banco de dados - Download via STAC API

https://qist.qithub.com/andre-carvalho/e86fa326bed27750def74fd839a4cb3e

terrabrasili
(2023,12,16)
(2023,12,16)
D DIR="/tmp/risk/download
dynamic variables=['ArDS',

get variables(endpoint, params=! )2
response = requests.get(endpoint, params=params)
f response.status code == 200:
return response.json()[“features"]
print(f"error: {response.text}")

f download asset(url, download path):

response = requests.get(url, stream= )

if response.status code == 200:

with open(download path, "wb") as file:
for chunk in response.iter content(chunk size=8192):
file.write(chunk)

print(f"downloaded in {download path}")
print(f"error downloading file {url}: {response.text}")

endpoint = f"{API URL}/search

datetime range=f"{START DATE.strftime("%Y-%m-%d")}/{END DATE.strftime(

params

‘coll S collectionl”,
-ange": datetime range

}

variables = get variables(endpoint=endpoint, params=params)
rt variables

- variable in variables:
dynamic vars=[]
for name, values in variable['assets'].items():
if name in dynamic variables:
dynamic vars.append(name)
url = values|['href']
download dir = Path(f"{DOWNLOAD DIR}/{name}")
download dir.mkdir(exist ok=True, parents=True)
download path = Path(f"{download dir}/{Path(url).name}")
if Path.is file(download path):
print(f"downloading {url} ...")
download asset(url=url, download path=download path)



https://gist.github.com/andre-carvalho/e86fa326bed27750def74fd839a4cb3e

wx ) Conteudo
Parte Il - Operacionalizacao do Modelo XGBoost
- Ambiente de execucao

- Ajuste de parametros de execucao
- Treinamento e Inferéncia



f\ PARTE Il - Operacionalizacao do modelo XGBoost

/<Ambiente de execucao de codigos Python incluindo as bibliotecas \

necessarias e acesso a internet>

Treinamento

I [
Variaveis
Download

STAC API

Inferéncia




XGBoost - Operacionalizacao do modelo no INPE

Lista de bibliotecas necessarias: requirements.txt

xgboost-cpu
scikit-learn
scikit-image
matplotlib
pandas
rasterio
requests

shap

wheel
setuptools>=67
numpy==1.26.4
gdal[numpy]==3.6.2




XGBoost - Operacionalizacao do modelo no INPE

Criacao de container Docker como ambiente autossuficiente,
contendo o ambiente Python e todas as bibliotecas necessarias
para rodar o model.

O codigo do modelo esta adaptado para acessar a STAC API,
obter os dados necessarios e executar o processo de
treinamento e inferéncia.



‘] XGBoost - Operacionalizacao do modelo no INPE

= O terrabrasilis / risk-model-environment & Q Type (7] to search 8

<> Code (© Issues 17 Pullrequests (® Actions [ Projects (@ Security |~ Insights &3 Settings

““ risk-model-environment Frivate 7 EditPins v | @Unwach 2 ~ | % Fork 0 - Yy Star 0~
# main ~ ¥ 18Branch © 3Tags Q Gotofile t Add file ~ About 3
The risk model deployment
& andre-carvalho Fix input data download. 3556af6 - 3weeks ago D) 32 Commits environment based on Python and
XGBoost.
B8 env-scripts Adding more dependencies to the requirements list 3 weeks ago
0 Readme
B8 scripts Change starting script to run the XGBoost every day last month s €C0-1.0 license
[ gitignore Adding operational directory to git ignore list last month A- Activity
E Custom properties
[ LIcENSE Initial commit 2 months ago
Y¢ Ostars
[ README.md Change notes last month ® 2watching
0 forks
[ docker-build.sh Some tweaks to build the docker image 2 months ago ¥ "
[3 docker-compose.yaml Remove obsolete 'version' attribute from compose file last month Releases
[ xgboost_risk_model.py Fix input data download. 3 weeks ago © 3tags
Create a new release
00 README  &[8 CC0-1.0 license V=
Packages
. . No packages published
risk-model-environment Publsh our s package
The risk model deployment environment based on Python and XGBoost. Languages
Use the docker-build.sh script to generate the Docker image.
® Python265% o Shell 7.0%
The prerequisites for running this script are: ® Dockerfile 6.5%

o The Docker environment;

d
o The Ubuntu 24.04 operating system. Z:sgegd?:;ou::::f:t:xs

To run on localhost & Python Package Configure

using Anaconda
Use the following command in a terminal shell such as bash to test the Docker image on localhost. $PWD Create and test a Python package on

<hniild he the rant nath af the renncitary <a in the terminal navinate ta that lacatinn haefare riin the muiltinle Puthan versinns usina




@ Conteudo

Parte Ill - Avaliacao e Publicacao dos Resultados

- Aplicativo de apoio a avaliacao dos resultados
- Publicacao do dado de risco na aplicacao AMS



XGBoost - Operacionalizagao do modelo

https://terrabrasilis.dpi.inpe.br/forecast-viewer-homologation/Results

app
Results
Maps
Validate
Models

Refresh Data

Experiments:

XGBoost-25k-full x o v
Aggregation:

1 v
Metric:

Error ™.
Auxiliary Data

Choose an option v

Average Results X

Error - Aggregation 1 cell(s)

0.10 Model
—— XGBoost-25k-full
5 0.05
=
w
0.00
-0.05
2022-012022-052022-092023-012023-052023-092024-012024-052024-092025-012025-05

Date


https://terrabrasilis.dpi.inpe.br/forecast-viewer-homologation/Results

XGBoost - Operacionalizacao do modelo

https://terrabrasilis.dpi.inpe.br/ams-homologation/
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